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Abstract. IgA nephropathy (IgAN) is an immune complex-mediated glomerulonephritis
characterized by the deposition of IgA-dominant immune complexes in the mesangium,
leading to mesangial proliferation and subsequent renal injury. Clinically, IgAN often
manifests as episodic macroscopic hematuria following upper respiratory tract or
gastrointestinal infections. Disease progression is variable, with 20—50% of patients
advancing to end-stage renal disease within 10—20 years of diagnosis.

Although IgAN is primarily idiopathic, it may also occur secondary to systemic conditions
such as Henoch-Schonlein purpura, HIV infection, toxoplasmosis, ankylosing spondylitis,
and liver cirrhosis. Less commonly, IgAN can be associated with hepatitis B virus (HBV)
infection or manifest as a paraneoplastic phenomenon.

Here, we report a unique case of clinical presentation and successful treatment of
concurrent HBV infection and IgAN in a patient with a history of malignant melanoma. To
our knowledge, this is the first documented case in which these three conditions (IgAN, HBV
infection, and malignant melanoma) coexist in a single patient.

Key words: IgA nephropathy, HBV infection, malignant melanoma, paraneoplastic
syndrome, immunotherapy, end-stage renal disease, renal pathology.
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KonkomiTanTHuii nepe0ir renatuty B Ta IgA-Hedponarii y nanienra 3
aHAMHE30M 3JI0SIKICHOI MeJIaHOMM

IKadenpa Hedposnorii, Menquunuii ¢pakyiasret, Yaisepcuter Mymia Cutku Kouman, Myria, TypeyunHa
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Typeuunna

Pe3tome. [gA-negponamis (IgAN) — ye imMyHOKOMNACKCHULL 2A0MEPYAOHeDPUM, AKULL XAPAKMEPUZYEMbC Gi0-
KAQOeHHAM IMYHHUX KOMNAEKCI6 3 nepedaxcanHam IgA y me3zaneii, ujo cnpuuunse mezaneianvhy npoaighepayiro ma npo-
epecyroue ypadceHHs HUpoK. KaiHiuHO 3aX80pH6aHHs 4acmo nposieasemovcs enizo0utHO MaKpocemamypicto nicias ne-
peHeceHux iH@exuyiil 6epxXHix OUXANbHUX WAAXie a00 WAYHK080-KUukogoeo mpakmy. Ilepebie xeopobu eapiabenvruil,
npome y 20—50% nauienmie npomseom 10—20 pokie 6i0 momeHmy 6cmanoeieHHs 0iaeHO3Y PO36UBAEMbCA MEPMIHANbHA
cmadis XpoHiuHOi X60poOU HUPOK.

Xoua IgA-nepponamis natluacmiwie mae idionamuure NOX00MHCeHHS, BOHA MAKONC MOce OYymu 6MOPUHHOI0 00
cucmemHUX 3axeopiosans, maxkux sk nypnypa lenoxa-Illennsiina, Bl/I-ingexuyis, moxconiazmos, QHKiN03YHOUUL CNOH-
duaim i yupo3 neuinku. Piduwe IgAN moaxce acoyirosamucs 3 HBYV ingpexuyiero abo nposeaamucs sk napaHeoniacmuiHuil
CUHOPOM.

Y yiti cmammi npedcmaeneno yHikarvHuili 6UnadoK KAiHIiMHOI KAPMUHU Ma YCRIUHO20 NIKYB8AHHS KOHKOMIHAHM -
Hoeo nepebiey sipycrHoeo eenamumy B ma IgAN y nayicuma 3i 3105KicHor0 Meaanomoro 6 anamuesi. Hackinvku Ham 8ido-
MO, ye nepuiuili 3a00KyMeHmMOo8aHuil 8unadok, koau yi mpu 3axseoprosants (IgAN, HBV inghexyis i 3n0skicna meaanoma)

CRIBICHYIOMb 8 00H020 NAUiEHMA.

KnrouoBi cnoBa: IgA-neghponamis, eipycuuii eenamum B, 3105KicHa meaanoma, nApaneonAaCMuMHULL CUHOPOM,
imynomepanis, mepminaibHa cmaois XpoHiUHOI X60poOU HUPOK, NAMOA02IS HUPOK.

Introduction. IgA nephropathy (IgAN) is the most
common cause of primary glomerulonephritis world-
wide [1, 2]. Compared to the general population, pa-
tients with IgAN have a reduced life expectancy and an
increased risk of mortality [3]. Renal biopsy findings
such as crescent formation, mesangial hypercellularity,
segmental glomerulosclerosis, and tubular atrophy/in-
terstitial fibrosis are considered risk factors for progres-
sion to renal failure [3].

IgAN can occur in isolation or in association with
other diseases such as chronic liver disease, celiac dis-
ease, HIV infection, group A streptococcal infection,
malignancies, granulomatosis with polyangiitis and
minimal change disease, and it has been reported that
regions where IgAN is endemic also have a high prev-
alence of HBV infection [2]. Antigenemia is likely to
cause the accumulation of circulating immune com-
plexes in the mesangial and subendothelial areas, and

Alper Alp
alperalp@mu.edu.tr

imaging techniques can identify these deposition sites,
supporting this mechanism [4]. Conversely, some stud-
ies have suggested that HBs antigenemia does not have
a high incidence in IgAN, thus questioning the associa-
tion of HBV infection with the aetiology and pathogen-
esis of IgAN [2]. Therefore, the role of HBV antigen-
emia in IgAN remains controversial.

A review of the literature shows that although the
coexistence of the three pathologies can be observed
separately, the occurrence of all three clinical condi-
tions together in a single case is unique. We also aimed
to speculate that paraneoplastic glomerulonephritis
may occur many years later in a patient with malignant
melanoma.

Case. A 40-year-old male patient presented to the
nephrology clinic with a complaint of dark urine of sev-
eral weeks’ duration.He had no additional symptoms.
He had a history of resection of a malignant melanoma
of the back approximately 9 years ago. The patient re-
ported that he had received no specific treatment after
diagnosis and was considered cured after successful sur-
gery. There was no recent history of strenuous exercise,
trauma, or recent medical treatment. Arterial blood
pressure was 130/87 mmHg, heart rate was 89/ minute
and no significant findings were noted on physical ex-
amination. Laboratory tests on admission are shown in
Table 1.
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Table 1
Laboratory findings of the patient on admission
Parameter Result S Parameter Result e
Range Range
Magnesium
WBC (x103/uL 8.76 4.23-9.07 1.99 1.5-2.5
HGB (g/dL) 15.3 12—16 CRP (mg/L) 1.35 0-5
HCT (%) 43.6 40.1-51 Calcium (mg/dL) 9.08 8.6—10.6
MCYV (fL) 85.7 79-92.2 C3 (g/L) 0.21 0.1-0.4
PLT (x103/uL) 207 160—340 C4 (g/L) 1.01 0.9-1.8
Urea (mg/dL) 53 16.6—48.5 | Potassium (mmol/L) 4.78 3.5-5.1
Creatinine Spot urine alb/creat
1.27 0.65—1.20 1674 0-30
(mg/dL) (mg/g)
eGFR Spot urine prot/creat
(ml/min/1.73 m2) it ) (mg/g) 1774 Gt
. Phosphorus
Total protein (g/L 61.8 64—83 3.6 2.5-4.5
. Sedimentation
Albumin (g/L) 42.2 35-52 (nm/h) 12 -
Uric Acid Positive (+), fine
(mg/dL) 6.0 3.4-7.0 ANA granular -
Protein (+),
Sodium (mmol/L) 139.5 136—145 Urine test (TIT) leukocyte (-), -
erythrocyte (+3)
Anti-HIV Negative - HBeAg Negative -
Anti-HBc IgG Positive - Anti-HBe Positive -
Anti-HBc IgM Negative - HCV Negative -
HBsAg Positive - HBYV-DNA (IU/mL) 290,000 -
Anti-HBs Negative - - - -

Abbreviations: ANA — Antinuclear Antibody; Anti-HBc IgG — Hepatitis B Core Antibody, IgG; Anti-HBc IgM — Hepatitis B Core
Antibody, IgM; Anti- HBe — Hepatitis B e-Antibody; Anti- HBs — Hepatitis B Surface Antibody; Anti- HIV — Antibody
test for Human Immunodeficiency Virus; Ca — Calcium; C3 — Complement component 3; C4 — Complement component
4; CRP — C-Reactive Protein; eGFR — Estimated Glomerular Filtration Rate; ESR — Erythrocyte Sedimentation
Rate; HBeAg — Hepatitis B e-Antigen; HBsAg — Hepatitis B Surface Antigen; HBV-DNA — Hepatitis B Viral DNA
(viral load); HCV — Hepatitis C Virus; HCT — Hematocrit; HGB — Hemoglobin; K — Potassium; MCV — Mean
Corpuscular Volume; Mg — Magnesium; Na — Sodium; P — Phosphorus;, PLT — Platelet count;
TIT — Urine Test (Test-Indicator Tape); Total protein — Total serum protein level; UA — Uric Acid;
Urea — Blood Urea Nitrogen; WBC — White Blood Cell count.

Abdominopelvic ultrasonography showed bilat-
eral normal renal size, parenchyma, and echogenici-
ty. Renal biopsy was planned due to haematuria, pro-
teinuria, and decreased GFR. The renal biopsy speci-
men showed; 39 glomeruli of which 13 had global
sclerosis, 6 had segmental sclerosis and 1 glomerulus
had fibrous crescent. The glomeruli also showed me-

sangial expansion, increased cellularity, thickening
of the basement membranes, focal tubular atrophy,
interstitial fibrosis, and chronic inflammation in the
tubulointerstitial area. Immunofluorescence staining
was significant for IgA (+4) and C3 deposition in the
mesangial area. These findings were consistent with
IgAN (Fig. 1).
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Fig. 1. Histopathological and immunofluorescence findings in IgA nephropathy. (A) Increased mesangial cellularity and
matrix expansion (mesangial expansion), H&E staining, x200 magnification. (B) Mesangial expansion and hypercellularity,
Jones histochemical staining, x400 magnification. (C) Mesangial IgA deposits, direct immunofluorescence (DIF), x200
magnification. (D) Mesangial C3 deposits, DIF, x200 magnification.

At the same time, routine investigations revealed
concurrent HBsAg positivity and an HBV DNA viral
load of 290,000 IU/ml. Entecavir was ordered at a dose
of 0.5 mg per day. At the same time, the patient was
started on low-dose ramipril, and the dose was titrated
to 10 mg/day. During follow-up, the patient experi-
enced an increase in proteinuria despite ramipril treat-
ment. Twelve months after starting ramipril, the patient
developed swelling of the eyes and pretibial edema. At
the same time, a creatinine level of 1.4 mg/dL and a
24-hour protein level of 1.7 grams were observed, indi-
cating progression. After consultation with the oncol-
ogy and gastroenterology clinics, methylprednisolone
60 mg/day was started; at the 1-month follow-up, the
protein level was 939 mg; at the 2-month and 3-month
follow-ups with the same corticosteroid dose, the urine
protein levels were 849 mg and 317 mg, respectively;
because of the proximal myopathy-like complaints,
the corticosteroid dose was gradually reduced; with the
dose reduction, the protein level continued to decrease
at the 1-month follow-up (Fig. 2).

The patient’s current treatment regimen contin-
ues in our clinic as ramipril+entekavir (due to persis-
tent HbsAg(+)), with the most recent proteinuria level
of 397 mg/day, albuminuria of 247 mg/day and serum
creatinine of 1.74 mg/dl.

Discussion. Hepatitis B virus is widespread world-
wide, with approximately 2 billion people infected.
Of these patients, approximately 35 million develop
chronic HBV infection, making it one of the most com-
mon diseases worldwide. The incidence of persistent
HBYV infection varies by geographical region. In China,
Southeast Asia, and sub-Saharan Africa, HBV infection
is observed in 8-15% of the total population, whereas in
Europe and the USA, this rate is around 2% [5].

In the United States, HBV infection is estimated
to be prevalent in 10% of the population. HBV infec-
tion can lead to a variety of extrahepatic clinical mani-
festations, including rash, bone marrow involvement,
arthralgia, and nephropathy. One of the most common
extrahepatic findings is nephropathy, which is observed
in individuals chronically infected with the hepatitis B
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virus. During HBV infection, secondary glomerulone-
phritides such as membranoproliferative glomerulo-
nephritis (MPGN), membranous glomerulonephritis
(MGN), mesangial glomerulonephritis, IgAN, focal
segmental glomerulosclerosis (FSGS) and minimal
change disease may occur. A review of the literature

reveals a lack of numerous clinical studies investigat-
ing the frequency of HBV and nephropathy. In a study
analyzing the association between hepatitis B and glo-
merulonephritides, it was shown that IgA nephropathy
is more common in adults, whereas MGN is more com-
mon in children [6].

== Creatinine
(mg/dl)

=i~ Proteinuria (g/dl)

R: Ramipril
E : Entecavir
M : Methylprednisolone

R A A
AN NN
LA SN NS
o\ \
.Y
\
X
-

(R+E) (R+E+\M)

O.Month  1.Month 4.Month 7.Month 9.Month 19.Month 20.Month 21.Month 22.Month 24.Month

Fig. 2. Changes in creatinine and proteinuria levels over the course of treatment.

Glomerulonephritis may occur as a paraneoplastic
syndrome in association with various cancers; cancer-
associated glomerulonephritis is predominantly mem-
branous glomerulonephritis and, although its patho-
genesis is not fully understood, it has been associated
with the accumulation of tumor antigens or immune
complexes in the glomerular basement membrane [7].

Nephrotoxicity associated with malignancy may be
paraneoplastic, but may also result from the agents used
to treat the primary disease. Renal injury is a serious
complication that can result from the progression of the
neoplastic disease as well as from the treatment meth-
ods used. Over the years, the spectrum of renal disease
in cancer patients has evolved, mainly due to changes
in chemotherapy regimens and the introduction of im-
munotherapy. Antineoplastic drugs can cause damage
to the renal tubules, glomeruli, parenchyma, and blood
vessels, leading to a wide range of complications, from
mild, asymptomatic increases in serum creatinine to
hemodialysis requiring acute kidney injury (AKI) [8].

Immunotherapy is considered a key component in
the treatment of cancer patients. Today, immunothera-
py is used in the treatment of several malignancies, par-
ticularly melanoma. Nivolumab is a PD-1 monoclonal
antibody used in the treatment of malignant melanoma.
A review of the literature shows cases of glomerulone-
phritis and vasculitis associated with nivolumab [9].

Paraneoplastic glomerulonephritis is a rare sec-
ondary cause of glomerulonephritis. Altered immune
responses appear to play a role in the pathogenesis of
paraneoplastic glomerulonephritis. A study in Buffalo/
Mna timomal rats showed that tumor cells induce po-
larisation of the immune response towards T-helper-2
(TH2) or cause overexpression of the TH2 cytokine in-
terleukin 13, leading to the development of glomerulo-
nephritis [10].

The relationship between the malignant pro-
cess and the accumulation of immune complexes in
glomerulonephritis is not clearly understood yet. It
is thought that the accumulation of tumor antigens
or immune complexes in the glomerular basement
membrane may be the cause. Studies have suggested
aetiological mechanisms such as tumor antibody pro-
duction against tumor antigens, circulating factors se-
creted by T lymphocytes, B cell production and the
M component of cryoglobulins, and circulating Ig-A
to cause glomerulonephritis. Antibodies to exogenous
or endogenous antigens in cancer patients may cause
immune complex nephritis in susceptible groups. It is
not known how these immunological mechanisms af-
fect the time interval between cancer and GN forma-
tion [11]. The aetiological role of HBV antigenemia
and HBV antigen accumulation in IgA nephropathy
remains controversial. The nephropathy is thought to
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be caused by an accumulation of circulating immune
complexes in the mesangial and subendothelial areas,
and studies have supported this accumulation mecha-
nism. Many studies have demonstrated deposition of
HBsAg, HBcAg, and HBeAg along with immunoglob-
ulins and complement in the glomeruli. While some
chronic HBsAg carriers develop IgA nephropathy,
others may develop MPGN or MGN. This variation
may be related to the size and loading characteristics of
the HBV antigens, as well as the relationship between
these antigens and their antibodies. These differences
may explain the occurrence of different renal patholo-
gies. HBeAg has the smallest molecular weight, which
allows it to pass through the glomerular basement
membrane more easily and causes subepithelial dense
deposits visible under the microscope. This is a well-
known characteristic morphological feature of MGN
and the localised formation of antigen-antibody com-
plexes induces the characteristic proteinuria and sub-
epithelial immunodeposits seen in MGN. Therefore,
HBeAg is considered a nephrogenic antigen for MGN.
In contrast, HBsAg, which is larger in size, is thought
to play a role in the formation of mesangial HBsAg-
anti-HBsAg complexes in HBV-associated IgAN [5].

A study by Lai et al. investigated the relationship
between HBYV infection and IgA nephropathy and re-
ported a positive correlation between the prevalence
of IgAN and HBV. It was observed that in individu-
als with IgAN, HBsAg, HBcAg and corresponding
immune complexes accumulate in the mesangial and
subendothelial areas of the glomeruli [12].

The basic principles in the treatment of HBV-
associated glomerulonephritis include reducing pro-
teinuria, treating and preventing recurrence, preserv-
ing renal function and preventing progression to end-
stage renal disease. Entecavir is the first-line treatment
option due to its low resistance and antiviral efficacy
[13].

Blood pressure, proteinuria and serum creatinine
levels are considered to be the most robust and reliable
indicators of clinical prognosis in IgAN. Treatment
focuses on maintaining optimal blood pressure levels,
controlling proteinuria through renin-angiotensin sys-
tem inhibition, and implementing dietary and lifestyle
modifications. Immunosuppressive therapy is usually
preferred in patients at high risk of progression to end-
stage renal disease [13].

In inactive HBV carriers, corticosteroid therapy
has been shown to achieve both partial and complete
remission of IgAN. In addition, it has been observed
that there is no significant difference in the reduction
of proteinuria levels between corticosteroid mono-
therapy and a combination of corticosteroid and anti-
viral treatment [14].

Due to the lack of genetic analysis data on malig-
nant melanoma and the lack of long-term follow-up
of the case, a clear distinction between primary and
secondary IgA nephropathy cannot be made. This is a
limiting factor in our case.

Conclusions. The relationship between HBV in-
fection and IgAN remains unclear. Although the co-
existence of HBV infection and IgAN is not common
in clinical practice, it is interesting that both condi-
tions are associated with the deposition of immune
complexes in the mesangial and subendothelial areas
of the glomeruli. At the same time, a review of the lit-
erature showed that there are not many studies evalu-
ating the relationship between IgAN and HBV infec-
tion. The unique aspect of our case is the coincidence
of malignant melanoma, HBV infection and IgAN in
the same patient. We observed a significant regression
of proteinuria and successful treatment when cortico-
steroid and antiviral therapies were combined. To our
knowledge, this is the first reported case in the litera-
ture demonstrating the coexistence of these 3 clinical
entities.

The treatment of paraneoplastic glomerulone-
phritis is aimed at treating the primary disease and re-
quires a multidisciplinary targeting of both the tumor
and the glomerular lesions. The identification of bio-
markers from blood, urine, or kidney biopsy samples
that would confirm the diagnosis of parancoplastic
glomerulonephritis will facilitate the diagnosis of the
primary disease. Another important point is that pa-
tients with a history of malignancy should have their
kidney function monitored regularly for the possibility
of new glomerular pathology.
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Abstract. Permanent vascular access is crucial for the effective management of
patients with end-stage kidney disease (ESKD) undergoing hemodialysis. The
arteriovenous fistula (AVF) remains the preferred access due to its long-term patency,
with an initial survival rate of over 50% at five years. However, once stenosis becomes
hemodynamically significant (>70% luminal narrowing), it leads to reduced blood flow,
increased venous pressure, and a greater than 50% risk of thrombosis, necessitating
timely intervention. Endovascular techniques for restoring venous patency, such as
angioplasty and stenting, are costly and require specialized equipment, which limits
their availability in Ukraine.

Here, we present the case of a 72-year-old patient (0.) with ESKD due to hypertensive
and diabetic nephropathy. The patient developed a 70% stenosis of the fistula vein in
the right anterior elbow region. To restore vascular access function, an interpositional
autovenous shunt was created using a conduit from the great saphenous vein of the
lower limb. The postoperative assessment confirmed a well-functioning AV shunt,
allowing a dialysis blood flow rate of up to 300 ml/min. The patient was followed up for
six months, with no complications observed.

This case highlights the efficacy of interpositional autovenous shunting as an accessible
and effective alternative to endovascular interventions for AVF stenosis. Personalized
decision-making and careful preoperative assessment are essential to optimizing
outcomes for hemodialysis patients.

Keywords: chronic kidney disease, hemodialysis, vascular access, arteriovenous
fistula, stenosis, autovenous shunting.
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MeToa xipypridHoi Kopekuii cTeH03y (PicTyJIbHOI BEHH 115 reMOodiati3y:
KJIHIYHMA BUNIAT0K

3amnopi3bKuii epXKaBHUM MeANKO-(hapMaLeBTUYHKI YHIBEPCUTET,
3anopixxks, YKpaiHa

Pesiome. Hasenicmos nocmiiioeo cyourHo20 00CMyny € 3anopyKoio YCRiWHO20 AIKY8AHHS NAyicHmie 3 mepmi-
HAAbHOI HUPKOBOH HeAoCmamHuicmio, AKi Aikylomscsa memodom eemodianizy. IlokazHuk nepsuHHO20 UICUBAKHSA apme-
piosenosnoi gicmyau cmanosums > 50% npomseom n’smu pokie iz popmysanHs apmepioserHo3Hoi icmyau. Hx minb-
KU 3HAYEeHHS CTMeHO3Y HA0Y8armb eMOOUHAMIYHO 3HaAUUMo20 xapakmepy (> 70% npoceimy cyouHu), UHUKAE cmaH,
n08’A3aHUil i3 CNOBINbHEHHAM KPOBOMOKY Ma NiOGUUWEHUM B8EHO3HUM MUCKOM, PU3UK PO3BUMKY MpPOMO03y 3pOcmae
Oinvus Hixe Ha 50%. Memoouku eHO08ACKYAAPHO20 8iOHO6AEHHS NPOCBIMY CMEHO308AHOI 6eHU € 00POLOBAPMICHUMU | NO-
mpebytoms 8i0N08i0H020 MeXHiUH020 YycmamKyeanHs (aneioepagh ma endosackynapui degaiicu). Bpaxosyrouu yeii gpakm,
doc6id eH0068acKyAIPHUX PeKOHCMPYKUili makoezo pody 8 Ykpaini oomexceHuil.

Y yiit cmammi mu npedcmaeasemo sunadox navyienmxa O., 72 p. Hdiaenos: Xponiuna xeopoba Hupox V cmadii:
einepmen3uena ma diabemuuna Heghponamis. Cmenos (70 %) icmyavHoi eenu 6 npasiii nepeduii Aikmvosiii dinsHyi.
Bukonana onepauis: inmepno3uyiiine aymoeeHo3He WYHMYBAHHS apmepioseHo3Hoi gicmyau KoHdyimom 3 éeaukoi nio-
WKIPHOT 8eHU HUMICHbOI KiHyieKku. Apmepioseno3nuii uiynm gyuxyionye. lllsudxicms kposomoky uepes dianizamop do
300 ma/xs. Ilepiod cnocmepexcenns 6 micauyie.

1leii 6unadok nidkpecaroe egpexmugHicms IHMePNO3UYITIHOZ0 AYMOBEHO3HO20 WYHMYBAHHA K 00CMYNHOI ma
egpekmueHoi anbmepHamusl eH008ACKYAIPHUM 6MPYHAHHAM Y X80PUX 3i CMeH030M apmepioseHo3Hoi gicmyau. Inou-
8idyanvHe npUiHAMMS pilieHb | pemenbHa nepedonepayiina oyiHKa € 8aiCAUBUMU 045 ORMUMI3ayii pe3yabmamie Aiky-
eaHHs. Bubip memody xipypeiunoi kopexuyii cmeno3sy gicmynvHoi 6eHu Mae 6ymu nepcoHiQikoeanum ma 3 npiopumemHo0

HAMUBHOI0 AH2IOPEKOHCMPYKUIETO.

Ki040Bi ciioBa: xporiuna xeopoba Hupok, eemodianiz, nocmitHuil CyoOurHuil docmyn, apmepioseHo3Ha gicmyna,

CMEHO3.

Beryn. 'emonianis € HaWMOMMPEHITUM METOIOM
JIKyBaHHS TAI[i€EHTIB 3 TEPMiHAJbHOIO CTadi€l0 HUP-
KoBOI HemocTaTHOCTI [1]. AnekBaTHO QYHKIIOHYIOUNI
MOCTiHHUI CYNMHHUI MOCTYN € 3alopyKoio MpoBe-
NeHHsI e(eKTUBHOI MpoLEeaAypyu reMoianisy, sika 0e3-
MOCEPEAHBO BIUIMBAE HA SKICTh XXUTTS IaHOI KaTeropii
xBopux [2]. CyIMHHMI JOCTYI € «PSITYBaJbHUM KO-
JIOM», ajie YCKJIaJHEeHHS MOB’S3aHi 3 HUM 3aJIUIIAI0Th-
Cs BaroMol0 MPUYMHOIO 3POCTaHHS 3aXBOPIOBAHOCTI
Ta CMEPTHOCTI y XBOpUX Ha reMomianisi [3]. MynbTu-
JUCLUTIIIHApHUIA KOMaHIHUI Miaxin pa3oM i3 moKpa-
IIEHUMU 1IUISIXaMU JOTJISIAY € KJII0YEeM 10 CTBOPEHHS
Ta MiATPUMKU CYIUHHOTO AOCTYIY. [neabHUM CyquH-
HUM JIOCTYIIOM BBaXa€TbCS TaKWi, IO JO3BOJISIE Ka-
HIOJISLIIO 32 JOMTOMOTOIO ABOX TOJIOK, 3a0€e3Meuye Mi-
HiMaJbHUI KPOBOTIK IIoHaiMeHuie 600 MJI/XB yepe3
«IITy4YHY HUPKY», JOBro MyHKIiOHYye (0araTo pokiB),
€ CTillkuM 1o iHpeKIil, TPOMOO03y Ta Ma€e MiHIMyM He-
crpusTauBux noxiii [4]. O6cepBaLiitHi JOCTIIXKEHHS
JIEeMOHCTPYIOTh, IO CEPeJ YCiX BUIIB CYAMHHOIO J0-

Cepriii Birbsaanos
vildanov009@gmail.com

CTyMy HallKpalllUM € CTBOPEHHSI HATUBHOI apTepioBe-
HO3HO1 QicTy/I1, KOTpa AEMOHCTPYE HalKpallli pe3y/ib-
TaTU NPOXiAHOCTI Y BiilaJleHOMY Mepiofi, OiTbII HU3b-
KW PU3UK PO3BUTKY YCKJIAJHEHb Ta MEHIIY KiTbKiCTh
€HIOBACKYJISIDHUX 1 XipypriYHUX peBi3iil 3 mpuBomy
HeIOCTaTHOCTI moctyny [5]. HesBaxatoun Ha Lie, aa-
JIEKO He 3aBXIU LIl BUJ AOCTYIY MPU3BOAUTH 10 BU-
COKOTO PiBHSI OCTaTOYHOTO YCITiXy 3aMiCHOI HUPKOBOT
Teparnii. 3a JaHUMMU JIiTepaTypy MOKA3HUK MEPBUHHO-
ro BUXUBAHHS apTepiOBEHO3HOI (DiCTyaU CTAHOBUTH
>50% mpoTSATOM IT’SITH POKIiB i3 opMyBaHHs [6, 7].

Ha cboroaHi y Xipyprii 3anuinaeTbest 6€31i4 mu-
TaHb, MPUCBAYEHUX CTBOPEHHIO aJEKBATHOIO IIO-
CTIfHOrO CYIMHHOTO MOCTYIy Ta MiATPUMAaHHIO HOTO
dynkuionyBanHs. I[IporHo3yBaHHSI pe3yJbTaTiB Xi-
PYpPTiYHUX BTpYYaHb, TMHAMidHE CIIOCTEPEXEHHS Ta
00’eKTMBHA OLiHKa (haKTOpiB PU3UKY YCKJIaJAHEHb,
CBO€YACHE BUSBJIEHHS MPUYMH MUCHYHKIIII Ta ome-
paTUBHE BXUTTS 3aXOMiB LIOAO iX YCYHEHHS 3TiHO 3
MiXXHAPOAHUMU PEKOMEHIALIIMUA JO3BOJIUTH MiATPU-
MyBaTh C(OOPMOBAHUI CYAUHHUI JOCTYN y (YyHKILiO-
HAJIbHOMY CTaHi Ha MaKCUMaJbHO MOXJIUBUI TepMiH
[8].

Kainiunuii sunaodok. Iauientka O., 72 p. JliarHos:
lineproniuna xBopo6a I1I cranii (Hachnigku rnepeHece-
HOTO illIEMiYHOTrO iHCYJIbTY B JIiBilf MiBKYJi TOJJOBHOTO
MO3Ky, B pycii JICMA Bin 2022 p, nerka npaBodiuyHa
MmipamMigHa HEJOCTATHICTb), apTepiajibHa TinepTeH3is 3
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CTyMEHS, AY>KE€ BUCOKOTO KapAiOBACKYISIPHOTO PU3UKY
(IV). LUykposuii giadet, TUn 2, CEPEAHbLOrO CTYMHEHS
BaXKKOCTi, CTafisi cyOKoMIeHcallii. XpoHiuHa XxBopoba
Hupok V I'l: rinepTeH3MBHA Ta AiabeTryHa Hedpormna-
Tis. CeyokaM’ssHa XBopoOa: 1BOOIYHUI He(HPOMiKpO-
gitiaz. CraH micng omepauii Big 1984: uyepesuikipHa
JITOTOMiS 3/1iBa, Yyepe3llKipHa JITOTOMis B MPOEKIIil
npaBoro cedoBony. DyHKIIiIOHyIOYa apTepioBeHO3Ha
(dictysma B mpoexilii JiBo1 MepeaHboi JiKTbOBOI SIMKU
Bim 04.07.2023 poky. AHemis. IXC: nudy3Huii kap-
niocknepos. Ilepcuctyioua dopma GidpunsLii mne-
pencepab, EHRA II knac, CHA2DS2-VASc-7 6aiis,
HAS-BLED-6 6aniB. Hespina katapakrta OU. AHrio-
nartis citkiBku OU.

T'ocnitanizopana B KHII «3amnopi3bka obiacHa
KJiHiYHa JikapHs» 30P 3 MeTol0 XipypriyHoi KOpek-
i1 CyIMHHOTO MOCTYIy I8 reMOoAiami3y y 3B’S3Ky 3i
3HUXEHHSIM IIBUAKOCTI KPOBOTOKY 4Yepe3 AianizaTop
1o 150 mi/xB.

05.06.2024 p. — YabTpa3ByKoBe OYIJICKCHE CKa-
HYBaHHS CyAUH: Y MPOeKIlii KyOiTaabHOI IMKU JIiBOPYY
BU3HAYAETHCS apTepioBeHO3Ha dicTyna. MeniaabHillle
3a apTepioBEHO3HY (icTyJy BU3HAYAETHCS JIOKATbHE
po3lupeHHs (aHeBpu3Ma), 6€3 03HaK KpoBOTOKY. Jla-
TepaJibHillle 3a apTepiOBEHO3HY (DiCTyly BUSHAYAETHCS
BiJBigHA BeHa 3 AiIsIHKOO cTeHO3y 10 70%. [1pecreHo-
TUYHA IUTSHKA — JiaMeTp 7MM, MyJbCOBA CUCTOJIYHA
IIBMIKICT 27 cM/c, 00’eMHa IIBUAKICTL 463 MJI/XB.
IToctcTeHOTUYHA AisIHKA — OiaMeTp 3 MM, MyJbCOBa
CHUCTOJIiYHA IBUAKICTH 34 cM/c, 06’€MHA MIBUIKICTh
223 wmui/xB. JiameTpu BenuKoi MiAIIKipHOI BEeHU Ha
piBHi roMinku npaBopyy 1,9 Mmm, niBopyy — 1,8 MmMm; Ha
piBHi cTerHa — mpaBopyd 3,8 MM, JliBopyd — 2,6 MM.
BucHoBok: O3Haku a@yHKIIOHYIOYOI aHEBPU3MHU.
O3zHaku cTeHo3y BifBinHoi Benu (70 %).

BpaxoBylouu KIIiHIYHY KapTUHY Ta JAaHi o0cTe-
keHHs1, 06.06.2024 p. MPUIHATO PIilIEHHS IOAO0 BU-
KOHAHHS iHTEPMO3ULIHOTO ayTOBEHO3HOTO IIYHTY-
BaHHS apTepioOBEHO3HOI (PicTy M KOHAYITOM 3 BETUKOT
MiAIIKIPHOI BEHU MPaBOi HUXXHBOT KiHIIiBKHU.

Onuc onepamugnoeo 6mpy4anHs:

B ningHui nepenHbo-MediaibHOI MOBEPXHI MpPO-
KCUMAaJIbHOI TPETUHU MPABOTO CTErHa Ha 1 cM HUX4e
MaXBUHHOI 3B 13KM B MPOEKILii CTETHOBOTO TPUKYTHU -
Ka Ha 2 cM MefliaibHille TOOKOBOro ropOKa MeAiaabHi-
1lI€ MyJIbCallii CTEFHOBOI apTepil BAKOHAHO MO30BXHil
po3pi3 moBxuHow 10 cm. Buminena v. saphenamagna
B [OinsgHLI cadeHodeMopanbHoro cmiByctsa. Ilpu-
TOKM BEJMKOI TMimmkipHoi BeHU (v. epigastrica
superficialis, vv. pudendae externae, v. circumflexa
ilium superficialis) moeTanmHo BUiNeHi, TEPETUCHYTI,
MepeTHYTi, NepeB’sa3aHi. V. saphena magna Mo0ii3o-
BaHa mpotiaroM 10 cM. B minsiHUi KaymaibHOTO KyTa
paHU JUCTAJIbHUNA KiHElLlb BEJIUKOI MiAIIKIPHOI BEHU
MEepPeTUCHYTUIN, MEpPeTHYTU, TmepeB’s3aHuii. Ilpu-
6:u3HO Ha 0,5 cM. AUCTaNIbHillle BIIaJaHHSI B CTETHOBY
BEHY BeJIMKa MiAllIKipHa BeHA MEPETUCHYTA, MEPETHY-
Ta, MPOKCUMAaJIbHUN KiHelb nepes’ss3aHuil. PaHa Tam-
TMOHOBAaHA MapJIeBOIO CEPBETKOIO.

ITpokcumanbHUIi KiHELb ayTOBEHO3HOTO KOHAYi-
Ty MEPETUCHYTUI CYNUHHOIO KJIeMow. B nucranbHuit
KiHEellb KOHIYiTy BBENEHO LIEHTPAJbHUN BEHO3HUI
KateTep, MPUTUCHYTUN nanblsiMu. Yepe3 KaHIOIO
KateTepa IIMPULIOM BBEIEHO TenapruHi3oBaHUl (izio-
JioriyHuii po3uuH (rermapud 5000 MO (1,0 mur), po3-
BeJeHUIBpO3uKrHi Hatpilo xjuopuay 0,9 %-200,0 mu)
3,0 mu. BeHO3HUI KOHAYIT AUATYBaBCS, €KCTpaBa-
3alis BiICyTHS, Ne(eKTU BEHO3HOI CTIHKM HE BU3HA-
YaThCsd. BEeHO3HUI KOHIYIT MOMILIEHUI Y EMHICTD 3
rernapuHizoBaHUM (hi3i0T0TIYHUM PO3UMHOM.

B niBiit mepeaHili NiKThOBIM AiIMSHLI Bill cepen-
WHU JIIKTbOBOTO 3TMHY 10 30BHIIIIHBOTO Kpalo Mepe-
MIivys Haj MyJibCali€lo MIeYOBOi apTepii BUKOHAHO
KOCOMO3A0BXHil po3pi3 JO0BXKUHOW0O 5 cM. BuzHaua-
€TbCS michasgonepaliiiHuii pyouesuii npouec. Yact-
KOBO TYMUM, YaCTKOBO FOCTPUM LUISIXaMU 3 BUKOPHUC-
TaHHSIM OIMOJSIPHOI AiaTepMOKOAaryJssiii BUIiIeHA
npokcuManbHile 0Oidypkallii Ta apTepioBEeHO3HOIO
aHacTtaMo3a a. brachialis. [1neuoBa apTepis Mobinizo-
BaHa, B3sTa Ha TYpHikeT. B 7iBiii nepeaHiii TiKThOBIN
NiASHLI 10 TepeaHbo-JaTepaibHili TOBEPXHi B MpPoO-
eK1il (picTyAbHOI TaTepaJIbHOI MiAIKIPHOI BEHU PYKU
BHKOHAHO KOCOIO3A0BXHil po3pi3 TOBXUHOIO 5 CM.
BusHauaeThcs MOCTIYHKUIAHUAN (Micas MiAKIIOYEHb
Ha reMojianisi) pyouesuit mpouec. YacTKoBo Tynum,
YaCTKOBO TOCTPUM ULIJIIXaMU 3 BUKOPUCTAHHSM Oi-
MOJISIPHOI AiaTepMoKoaryisiiii BuaisieHa v. cephalica,
MO0iNi30BaHA MPOKCUMANbHIIE AiNSHKU CTEHO3Y,
B35ITa HA TypHiKeT.

Mix pospizamu 3atuckadem Billroth cdopmo-
BaHO MiAUIKIpHUI TYHeNlb, B SIKOMY PO3MIilIEHO pe-
BEPCOBAHUI ayTO BEHO3HUN KOHAYIT (IMCTaTbHUNA
KiHelUb — /10 MJIEYOBOI apTepii, MPOKCUMAIbHUNA — 1O
JlaTepaJibHOI miAliKipHoi BeHu). KiHIIi BEHO3HOTO
KOHNYITY AUJISTOBAaHi 3a IOMOMOIOI0 3aTUcKada TUITY
«MOCKIiT», Ha 3 MM MO3J0BXHbO HANCIY€Hi HOXUIISIMU
Kelly. A. brachialis nepeTucHyTa 2 CyiMHHaMu KJjieMa-
mu DeBakey. Aptepioromist ckanbnenem Ne 11, kpai
BUCiIUE€HI MiKpOCyAMHHUMU Hoxuugmu Castroviejo 3
(opMyBaHHSIM OBaJIbHOTO «BiKOHLS» 5 X 2 MM. ApTe-
pis mpoMuTa TrernapuHizoBaHUM (Di3ioNoriYHUM pPoO3-
YUHOM. AYTOBEHO3HUI KOHAYIT aHACTOMO3YBaJIU i3
TUIEYOBOIO apTepi€lo 3a TUMOM «KiHelb B Oik» Oe3me-
PEPBHUM CYAWHHUM IIBOM aTPaBMAaTUYHOIO MOJIMpoO-
MiJIEHOBOIO HUTKOO 7-0 3 TBOMa KOJIIOUMMM TOJIKAMU
(moBxuHa royku 9,3 MM, pamiyc KpUBU3HH 3/8 KoJIa).
®DicTynpHa naTepaibHa IMAMIKipHA BeHa PYKHU Iepe-
TUCHYTa 2 cynMHHaMu KieMamMu DeBakey. Aprepioto-
Mist ckambitesleM Ne 11, kpai BUcCiueHi MiKpOCYTMHHM -
MU Hoxu1siMu Castroviejo 3 GopMyBaHHSIM OBaJIbHOTO
«BiKOHLIS» 5 X 2 MM. CTiHKa (DicTybHOI BEHU Tinep-
TpooBaHa. BeHa mpoMuTa remapuHizoBaHuUM (i3zio-
JIOTIYHUM PO3UMHOM. AYyTOBEHO3HUI KOHIYIT aHACTO-
MO3YyBaJIM i3 (QiCTYJIBHOW JaTePaJbHOIO MiAIIKiPHOIO
BEHOIO PYKU 3a TUIIOM «KiHellb B 0iK» Oe3nepepBHUM
CYIMHHUM IIBOM aTPaBMaTUYHOIO MOJIMPOMNiIEHOBOIO
HUTKOI0 7-0 3 IBOMa KOJIIOYMMU TOJIKAMU (JOBXWHA
ronku 9,3 MM, pamiyc KpuBu3zHu 3/8 koma). ITocmi-
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JIOBHO 3HSTI CYyIWHHI KJieMu: | — nucTaabHa 3 BEHWU,
2 — mpoKcUMaJibHa 3 BeHU, 3 — NUCTajbHa 3 apTepii, 4
— MpoKCUMaJbHA 3 apTepii. AHACTOMO3U CIIPOMOXHI,
npoxiaHi. (puc. 1). B mpoek1iii ayToBeHO3HOTO KOHAY-
iTa i JIaTepaJIbHOI MiAIKiIPHOT BEHU PYKU NalbIaTOPHO
BU3HAYAETHCS 3aI0BIIbHE CUCTOJIO-iaCTOJIYHE TPEM-
TiHHs. KOHTpoJb Ha reMocTas, uyxKopiaHi Tisa. PaHu
JPEHOBaHi TYMOBUMM BUMTYCKHUKAMMU, YIIIUTI.

Puc. 1. Cxema onepariii. 1— A. brachialis, 2 — V. cephalica,
3 — AyTOBEHO3HMIT KOHIYIT 3 V. saphenamagna

AprepioBeHO3HUMI IWYHT yHKIioHye. [IBua-
KicThb KpPOBOTOKY uepe3 mianizatop g0 300 mi/xB.
Ilepion criocTepexxeHHs 6 MiCSLIB.

OoroBopenns. CTeHO3M 4aCTO BUHUKAIOTh YePE3
rinepruta3ixo HEOIHTUMU Yy BiAMOBiAb HAa reMOAMHA-
MiYyHi 3MiHU 4epe3 Te, L0 apTepialbHa KPOB CHps-
MOBYETbCSI Yepe3 BeHO3Hy cuctemy [9]. Ak Tiabku
3HAYEHHSI CTeHO3y HaOyBalOTh reéMOJAWHAMIYHO 3Ha-
yuMoro xapakrepy (> 70% mpocBiTy CyAMHM), BUHU-
Ka€ CTaH, MOB’SI3aHUM i3 CTIOBIIBHEHHSIM KPOBOTOKY,
MiABUIIEHUM BEHO3HUM THUCKOM ab0 aHOMaJbHUM
Gbi3uKaTbHUM O0CTEXKEHHSIM (3MEHIIEHHS TPEMTiHHS
abo mysnbcalii KpOBOTOKY), PUSUK PO3BUTKY TPOMOO-
3y 3pocTae 6iabil HixX Ha 50% [10]. [Tpu popmyBaHHi
apTepioBeHO3HO1 (PicTyJu MOTpiOHO 3abe3rnedyBaTu
Bi3yalbHUI KOHTPOJIb 3a CYAWHHUM JIOCTYIIOM, BU-
KOPUCTOBYBATU iIHCTPYMEHTAIbHI METOIU KOHTPOJIIO,
TakKi K yJbTPa3BYKOBE NYIUIEKCHE CKaHYBaHHS CYy-
nuHoro poctymy [11]. Bapiauii B pesynbpratax o6¢cTe-
XKEHHS 3a3BUYall PENCTABISIOTh COO0I0 YCKIaAHEH-
HS i MOXYTb BKa3yBaTy Ha GYHKIIOHAIbHI MOPYIIEH-
Hsl, 110 MOrPOXYIOTh HEJOCTATHICTIO apTepioBEHO3-
Hoi ictynu. KoHKpeTHI ycKIaagHEHHs Ta IMOB’s3aHi
3 HUMU pPe3yJbTaTU OOCTEXEHHS HaBeldeHi B Tads. 1

[8, 12].

Tabauys 1

IoTenuiiini ycKnaaneHHs 3 00Ky BeH BilTOKY Ta BiINOBiIHI pe3yIbTaTH 00CTEKEHHS

YcknaaHeHHS BeH BIATOKY

Onmc pe3yIbTaTy 00CTERKEHHS

CTeHO3 NMpUTOKY apTepii abo
He3piJla BHHOCHA BeHa

Byne npencrapieHo y BUNISIAL MaJIOKanibepHO1 BAHOCHOI BEHU 3i
CJIa0KUM TPEMTIHHSIM 200 Oro BiICYTHICTIO.

CTeHO03 BEHO3HOTO BiITOKY
(3a y4acTio BEHM BiITOKY a00
LICHTPAJIbHOI BEHM )

BusBasiTUMETHCS SIK TilTEpIy/IbCyioda BUHOCHA BEeHa Bropy 3a TeJi€lo
Bil 0OCTpPYKIIii 3 BTpaToo ab0 3MiHOIO XapaKTepy TpeMTiHHs. KpiM Toro,
BEHa BiITOKY HE CMAaJa€ThCs MPU MiTHATTI pyKu.

AHeBpU3MHU a00 IICEBI0AHEBPU3MU
BEHU BiITOKY

BusiBnssTuMeThCS Y BULJISIII BOTHUILIEBOTO PO3IIMPEHHSI BAUHOCHOI BEHU.
Lle po3mmpeHHs MOKe OyTH TTOB’si3aHe 3 MiCIIIMU KaHIOJSALI1, aje, 9K
BapiaHT, MOXXYTh OYTU HACJIiAKOM CTEHO3Y BEHU BiITOKY.

Jlmst KopeKIii cTeHo3y «(iCTyJIbHOI» MiAIIKipHOI
BEHU BMKODHMCTOBYETHCS €HIOBACKYISIpHA pe KaHa-
Jizauisg (WJIsIXOM 4epe3 IIKipHOI TpaHCIIOMiHaIbHOT
anriomuactuku [13], a6o cTeHTYBaHHs), sIKa JO3BOJISIE
BIZHOBUTH BeHO3HMH BiaTik [14]. Ane oGuaBi MeTO-
JIUKM €HIOBACKYJISIDHOIO BiTHOBJIEHHS IIPOCBITY CTe-
HO30BaHOiI BEHU € MOPOTroBapTiCHUMU i MOTPeOYIOTh
BiZINTOBIAHOTO TEXHIYHOIo YyCTaTKyBaHHsS (aHriorpad
Ta eHIOBACKYJSpHi neBaiicu). BpaxoBylouu 1eit ¢axr,
JIOCBIiJl €HIOBACKYJISIPHMX PEKOHCTPYKIIiii TAKOTO pOIY
B YKpaiHi oOMeXeHUIA.

HarowmicTh, 3anmponoHOBaBHUII HaMHU CIIOCiO €
JOCTYITHUM i BunpaBgaHo edekTuBHUM. HeoOxin-
HOI0O YMOBOIO peasti3allii € MmornepeaHe yabTpa3ByKoO-
Be NYIUIEKCHE CKaHyBaHHS CYAWH IJis BU3HAYE€HHS
SIK TIaTOJIOTil CYAMHHOTO NOCTYIIY IJisi reMojiaii3y

(okanizalisi, IpOTSKHICTh, CTYIIiHb CTEHO3Y), TakK i
MOXJIMBOCTE aHTiOpeKOHCTPYKIIii (Y 3alporoHOBa-
HOMY HaMU cmocobi — giaMeTp (He MeHIe 2,5 MM)
Ta MPOXiAHICTh BEIMKOI IMiAIIKipHOI BEHW HUXHBOI
KiHUiBKM JJis1 BU3HAYEHHS ii MpUAATHOCTI B SIKOCTI
KOHJIYITY).

BucHoBKH. Y1bTpa3ByKoBe OyIJIEKCHE CKAHYBaH-
HSI CYIMH HeoOXiJHe U1l BU3HAYEHHS SIK MaToJIoril cy-
JTUHHOTO JOCTYITY IJIsI TeMOJiai3y, TaK i MOXJIMBOCTEM
aHriopeKoHCTpyKilii. CBoeYacHE BUKOHAHHSI PEKOH-
CTPYKTMBHUX BTpYyYaHb Ha YCKJIaTHEHOMY ITOCTIHHOMY
CYAMHHOMY HOCTYIIi JO3BOJISIE 3HAYHO IMPOAOBXUTHU
TepMiH oro (yHkiioHyBaHHs. Bubip metoay Xipyp-
TiYHOI KOpeKIlii CTeHO3y (iCTy/JbHOI BEHU Mae OyTu
nepcoHi(hikoBaHMM Ta 3 MPIOPUTETHOIO HATUBHOIO aH-
riOpEeKOHCTPYKIIEIO.
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Jexnapauisi etuku. Ilin vac 36opy, aHamizy Ta
OMNPUJTIIOJHEHHS JaHUX 3a0€e3MeYeHO KOH(DiIeHIiiHICTh
Mali€eHTKH, SKa Hajajla JOOPOBUIbHY MUCHMOBY 3TONY
Ha BUKOPUCTaHH4 ii JaHUX Yy HayKOBill myOmikailii.

KonduikT inTepeciB. ABTOpH 3asBISIIOTH PO Bif-
CYTHICTh KOH(IIKTY iHTEpecCiB.

JIxxepena dinancyBannga. CrtaTTs TiAroTOBIEHA
3TiIHO 3 TJTAHOM HayKOBO-AO0CIiAHOI poboTu Kadenpu
rocritanbHoi Xipyprii BH3 «3anopi3bkuii nepxaBHuii
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Abstract. Fertility stimulants are medications used to enhance reproductive fertility
in both men and women. Clomiphene citrate (Clomid), Duphaston, and Procreation V
are commonly used fertility drugs. However, their prolonged use has been associated
with adverse effects, including histological and biochemical changes in the liver and
kidney. This study aimed to evaluate renal changes in structure and function following
infertility drug administration.

Methods. Forty-two adult female rats were divided into seven groups, including a
control group and six experimental groups receiving Clomid (50 mg), Duphaston (10
mg), or Procreation V (500 mg) for one or two months. Kidney function was assessed by
measuring urea, creatinine, and uric acid levels in sera. Ion levels (potassium, sodium,
and calcium) were also analyzed. Histopathological examinations were conducted to
identify tissue injuries.

Results Renal function markers (urea, creatinine, and uric acid) significantly
increased in rats treated with Clomid and Duphaston for two months compared to
controls (p < 0.05). Procreation V caused mild, non-significant changes. lon analysis
showed significant increases in potassium and sodium levels (p < 0.05), while calcium
levels declined across all drug-treated groups. Histopathological findings revealed
hemorrhage, necrosis, congestion, fibrosis, inflammation, and glomerular structural
alterations, with more severe damage observed in Clomid and Duphaston groups
following prolonged exposure.

Conclusions. Prolonged use of Clomid and Duphaston leads to significant kidney
function impairment and structural damage, while Procreation V showed milder effects.
These findings suggest potential renal risks associated with long-term fertility drug use,
necessitating caution in clinical applications.

Keywords: rats, kidney function, urea, histological changes, Clomid, Duphaston.
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DyHKIIOHAJIBHI TA CTPYKTYPHi 3MiHM HUPOK, acolliiioBaHi 3 npuiioMoM
JIiKapChbKHX 3aC00iB /i JiKyBaHHS O€3MJIiaaa y mypiB

DaxkynwreT Giosorii, OcBiTHIl KoJieaX MPpUPOAHUYNX HayK, YHiBepcuteT Ti-Kap, Ti-Kap, Ipak

Pestome. Cmumyaamopu gpepmunvrocmi — ye aikapcovki 3acoou, SKi 6UKOPUCMOBYHOMbCA 045 RIOGULEHHS Penpo-
dykmueHoi 30amuocmi K y 40108iKie, mak i y acinok. Jlo Hallbinbuw nowuperux npenapamis 04s CMuMyAayii epmunb-
Hocmi gi0HOcambCst Kaomipenyumpam (Knomid), drogpacmon ma Ilpokayesuis V. Oonak ix mpusanse 3acmocy8anus
acoyirnemscsl 3 HeeAMUGHUMU eheKmaml, 8KAHUAOUU 2ICMOoA02IYHI ma 0I0XiMiuHi 3MIHU 6 neuinyi ma Hupkax. Memoro
Ub020 00CAIONCEHHS OYN0 OUIHUMU CIMPYKMYDPHI MA (DYHKUIOHAAbHI 3MIHU 8 HUPKAX NICAS 3ACIMOCYBAHHS NPenapamie ons
AIKY8anHs 6e3nnidos.

Memoou. Copok 06i dopocai camku uiypie 6yau po3nodineHi Ha cim epyn, 6KAHOHAIYU KOHMPOAbHY epYnYy ma
wicmo excnepumeHmanvHux epyn, axi ompumyeanu Kiomio (50 me), drogacmon (10 me) abo Ilpoxauesyis V (500 me)
npomsieom 00H020 abo 060x micsauie. PyHKUis HUPOK OYIHIOBANACA 3Q PIBHAMU CEHOBUHU, KPEaAMUHIHY Ma ce4080i KUCA0-
mu e cuposamui kposi. Taxoxc 6yau npoananizoeani pigHi ionie (Kaniro, Hampiro ma kKaavyiro). Ilposedeni cicmonamo-
021Kl 00CAi0NCeHHS 051 BUABACHHS YULKOONCEHb MKAHUH.

Pesyromamu. Mapkepu ¢ynkyii Hupok (ceuosuna, KpeamuHin ma ce408a KUCI10Ma) 3HA4HO 30IAbWUAUC Y ULy~
pis, axi ompumysasu Knomio ma Hrogpacmorn npomseom deox micauie, nopieHano 3 konmponem (p < 0,05). Ilpokayesyis
V cnpuvununa Heanauni 3minu, wo He Oyau cmamucmu4Ho 3Havywumu. Ananiz ionie nokazae 3HauHe nioguUeHHs DiGHIE
Kanito ma nampiro (p < 0,05), modi K pieHi Kanvyiro 3HUNCYBANUCS 8 YCiX epynax, sKi ompumyearu npenapamu. licmo-
namonoziuni pesyabmamu eUABUAU eeMopazii, HeKpo3, KoHeecmiro, Qiopos, 3anaieHHs ma 3MiHu cCmpyKmypu KayoouKis,
npu ybomy Oinbiu 6adxicki noukooxcenHs cnocmepieanucs 6 epynax Knomioy ma ropacmony nicas mpusanozo 3acmocy-
8aHHA.

Bucnosku. Tpueane 3acmocysanns Knomidy ma Hrogacmony npuzeodums 00 3Ha4HUX NOPYUIeHb QYHKYIT HUPOK
ma cmpyKmypHux yukoddcens, 6 moii uac sk Ilpokayeauis V mae m’axwi ecpexmu. 1li pezynomamu ceéiduamo npo no-
MeHUilIHI pu3uKu 045 HUPOK, NO8’I3aHI 3 MPUBANUM GUKOPUCIMAHHAM Npenapamie 041 cMumyasayii gpepmuabHocmi, wo

suMazae 00epelcHocmi npu KAiHIMHOMY 3ACMOCY8AHHI.

Kmouosi cnoBa: wypu, pynxuia nupok, cevosuna, 2icmonoeiuni sminu, Kiomio, Jrogpacmon.

Introduction. Introduction. Fertility stimulants
are medications that help enhance fertility levels in
women and men. They enhance reproductive fertility
for women by stimulating the growth of ovarian follicles
[1]. Clomiphene citrate (CC) or Clomid, Duphaston,
and Procreation V are examples of these drugs. Clomid
is a selective modulator of estrogen receptors and is the
most widely used fertility drug [2]. It stimulates ovu-
lation by inhibiting the endogenous negative estrogen
feedback on the hypothalamic-pituitary axis, leading to
an increase in FSH [3]. Duphaston contains the active
ingredient dydrogesterone, which is a synthetic chemi-
cal compound similar to the natural female progester-
one hormone. It performs the same function by binding
to progesterone receptors in the uterus and does not af-
fect the progesterone hormone naturally secreted by the
body [4].

Ibtihal Kadhim Mazyed
ibtihalkazem.bio@utq.edu.iq

Procreation V is a fertility supplement that im-
proves reproductive function based on its natural com-
ponents of herbs, vitamins, minerals, and antioxidants.
These ingredients work to enhance ovarian function
and fertility, as well as support uterine health and fetal
development in the early stages of pregnancy. Studies
have shown that consuming high oral doses of these
drugs causes ovarian dysfunction, enlargement, va-
somotor flashes, nausea, vomiting, weight gain, and
shortness of breath [5], as well as histological and bio-
chemical changes in the liver and kidneys [6]. Addition-
ally, Procreation V affects the digestive system, causing
flatulence, diarrhea, and temporary colic [7].

Despite the known side effects of these drugs on
various organs, the long-term impact of fertility stimu-
lants on kidney structure and function remains insuf-
ficiently explored. While existing studies have focused
on ovarian and liver effects, the renal consequences of
these treatments have not been extensively studied, es-
pecially in terms of chronic use and associated structur-
al damage. The current study aims to fill this knowledge
gap by determining renal changes in both the structure
and function of the kidney following infertility drug ad-
ministration.
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Materials and Methods. Drugs of infertility. In
this study, three infertility drugs were utilized: clomi-
phene citrate (50 mg, France), Duphaston (10 mg,
Netherlands), and Procreation V (500 mg, USA). The
drugs were administered orally via stomach tube to the
experimental groups as outlined below.

Ethical statement. The study was approved by the
Ethical Committee Board of the Department of Biol-
ogy, College of Education for Pure Sciences, University
of Thi-Qar (Protocol No. 6110, Date: 09/06/2022).

Animals. Forty-two adult female rats (Rattus nor-
vegicus), aged 11-13 weeks and weighing between 215
and 225 grams, were selected for this experiment. The
rats were sourced from the animal facility of the Uni-
versity of Thi-Qar, College of Education for Pure Sci-
ences, and were housed under controlled laboratory
conditions with a 12-hour light/dark cycle and a room
temperature of 21 &+ 3°C.

Experimental design. The rats were randomly di-
vided into seven experimental groups, with six animals
per group. The groups were as follows:

Control Group: Animals received distilled water
and standard feed.

Clomid Groups:

Group 2: Animals received Clomid (50 mg) for one
month.

Group 3: Animals received Clomid (50 mg) for two
months.

Duphaston Groups:

Group 4: Animals received Duphaston (10 mg) for
one month.

Group 5: Animals received Duphaston (10 mg) for
two months.

Procreation V Groups:

Group 6: Animals received Procreation V (500 mg)
for one month.

Group 7: Animals received Procreation V (500 mg)
for two months.

All drugs were administered orally via stomach
tube at a consistent dose throughout the experiment.

Kidney function assessment. To evaluate kidney
function, blood samples were collected from the rats
and centrifuged at 2000 rpm for 20 minutes to separate
the serum. The concentrations of urea, creatinine, and
uric acid were determined using commercially available
kits (Biolabo, Biomerieux, France) according to the
manufacturer’s instructions [8]. The levels of electro-
lytes, including potassium, sodium, and calcium, were
measured using an OPTILION analyzer. The analyzer
utilized refrigerated cassettes, which were equilibrated
at room temperature (18-30°C) for 14 days before use.
Ton concentrations were calculated using the calibra-
tion curve, with the final results printed automatically
by the device.

Histopathological examination. Following the ex-
perimental period, kidneys from all groups were har-
vested, fixed in 10% formalin, and processed for his-
topathological examination. The tissue samples were
dehydrated in a graded ethanol series, cleared in xy-
lene, and embedded in paraffin wax. Sections of 4 um
thickness were cut from each tissue block and stained
with hematoxylin and eosin for microscopic evalua-
tion [9].

Statistical analysis. Data were expressed as mean *
standard deviation (S.D.). Statistical analysis was per-
formed using SPSS software (Version 25). Differences
between groups were considered statistically significant
at a p-value of < 0.05.

Results. Table 1 reports elevated kidney function
parameters (urea, creatinine, and uric acid) following
infertility drug administration compared to the control
group.

Table 1
Effect of infertility drugs on kidney functions of female rats
Gronps Uric acid Creatinine Urea
(g/dD) (mg/dl) (mg/dI)
Control groups 4.28+0.34d 0.61£0.07b 46.50+6.28d
Clomid group for one month 6.96+0.66b 0.68+0.24b 54.00£5.40c
Clomid group for two months 9.73+0.58a 0.88+0.07a 77.00£1.89a
Duphaston group for one month 5.73£0.70c 0.661+0.17b 51.61%+4.53cd
Duphaston group for two months 7.50%0.50b 0.86%0.08a 68.33+1.96b
Procreation V for one month 5.5840.67¢ 0.61+0.07b 50.33+1.63cd
Procreation V for two months 5.9310.74c 0.66+0.18b 50.83%3.81cd

Notes: Different letters indicate differences significantly (P< 0.05).

Urea concentration was significantly increased
(P < 0.05) in the Clomid and Duphaston 2-month
groups, while this increase was not significant in the
Duphaston 1-month and Procreation V groups (both 1
and 2 months) compared to the control group. Addi-

tionally, a significant increase (P < 0.05) in urea levels
was observed in the Clomid and Duphaston 2-month
groups compared to their respective 1-month groups.
In contrast, the Procreation V 2-month group showed
no significant difference in urea concentration when
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compared to the 1-month group. The Clomid 2-month
group exhibited the highest increase in urea levels, while
the Procreation V 1-month group had the lowest.

Creatinine concentration significantly increased
(P <£0.05) after Clomid and Duphaston treatment for
two months compared to the control group, while no
significant changes were observed in the other drug
groups. Treatment with Clomid and Duphaston for two
months led to a significant increase (P < 0.05) in cre-
atinine levels compared to the 1-month treatment with
these drugs. However, no significant increase was ob-
served in the Procreation V 2-month group compared
to the Procreation V 1-month group. When comparing
across drug groups, a higher increase in creatinine levels
was found after two months of treatment compared to
one month.

Regarding uric acid, a significant increase (P <
0.05) was observed in all drug-treated groups compared
to the control group. Comparison between the 2-month
and 1-month treatments with Clomid and Duphaston
showed a significant increase, except in the Procre-
ation V 2-month group, which did not show a signifi-
cant change compared to the Procreation V 1-month
group. When comparing across drug groups, the Clo-
mid 2-month group exhibited the highest elevation in
uric acid levels, while the Procreation V 1-month group
had the lowest concentration.

Table 2 shows a significant increase (P < 0.05) in
potassium levels in the Clomid and Duphaston treat-
ment groups compared to the control group.

Table 2
Effect of infertility drugs on the level of ions of female rats
Grom Calcium Sodium Potassium
(mg/dl) mMol / L mMol / L
Control group 9.49+0.48a 131.80%0.81g 4.55+0.48¢e
Clomid group for one month 7.87x0.75b 145.24+0.72¢c 5.93+0.38bc
Clomid group for 2 months 3.78+0.41d 165.524+0.94a 6.6610.54a
Duphaston group for one month 8.40%0.45b 143.46+1.02d 5.60%0.30bcd
Duphaston group for 2 months 5.03%£0.64c 151.95%+0.85b 6.17+0.58ab
Procreation V for one month 8.32+0.81b 135.68+1.56f 5.13+0.62de
Procreation V for 2 months 8.51+0.29b 140.88+1.18e 5.3940.16¢cd

Notes: Different letters indicate differences significantly (P< 0.05).

Asignificant elevation (P <0.05) in potassium levels
was also observed when comparing the Clomid and Du-
phaston 2-month groups with their respective 1-month
groups. However, no significant increase in potassium
levels was found in the Procreation V 2-month group
compared to the Procreation V 1-month group. The
highest potassium level was observed in the Clomid
2-month group, while the lowest level was found in the
Procreation V 1-month group.

Sodium levels were significantly increased
(P<0.05) in all infertility drug-treated groups compared
to the control group. Additionally, a significant increase
(P £0.05) in sodium levels was noted when comparing
the 2-month treatment groups with the 1-month treat-
ment groups for all infertility drugs. The highest sodium
level was found in the Clomid 2-month group, while the
lowest level was observed in the Procreation V 1-month
group.

Furthermore, a significant decrease (P < 0.05) in
calcium levels was observed in all drug-treated groups
compared to the control group. A significant decrease
(P <£0.05) was also noted in the Clomid and Duphaston
2-month groups compared to their respective 1-month
groups, while no significant decrease was observed in
the Procreation V 2-month group compared to the Pro-

creation V 1-month group. The smallest decrease in
calcium was found in the Clomid 2-month group, while
the greatest decrease was observed in the Procreation V
1-month group.

There is histopathological tissue injury in the kid-
ney that happens after drugs of infertility treatment.
Normal structures of the kidney are shown in Figure 1.

Fig. 1. Normal kidney structure in the control group. The
figure shows the normal structure of the kidney
in the control group, including glomeruli (G) and renal
tubules (RT) (H&E, 100X).
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down, absence, death, and bleeding. The histopatho-

Tissue damage observed includes hemorrhage,
logical findings for each treatment group are shown in

necrosis, congestion, fibrosis, inflammation, edema,
and structural changes in the glomeruli, such as break-  Fig. 2-6.

A) Necrosis of renal tubules (RT) in the Clomid 1-month group.
B) Glomerular degeneration (G) in the Clomid 1-month group (H&E, 100X).

Fig. 3. Histopathological tissue injury in the Clomid 2-month Group.
A) Various tissue injuries, including congestion (C), edema (E), and infiltration of inflammatory cells (IC).
B) Severe congestion (C) and necrosis (N).
C) Aggregation of erythrocytes (AE) and fibrosis (F) in the Clomid 2-month group (H&E, 100X).
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Fig. 4. Histopathological tissue injury in the Duphaston 1-month Group.
A) Glomerular degeneration (G) and congestion (C).
B) Bleeding in tubules (B) in the Duphaston 1-month group (H&E, 100X).
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A) Dilation of renal tubules (RT) and bleeding (B).
B) Hemorrhage (H), absence (©), and glomerular degeneration (G) in the Duphaston 2-month group (H&E, 100X).

Fig. 6. Histopathological tissue injury in the Procreation V 1-month and 2-month Groups.
A) Normal tubules (RT) in the Procreation V 1-month group.
B) Hemorrhage (H) and mild infiltration of inflammatory cells (IC) in the Procreation V 2-month group (H&E, 100X).

Discussion. An increased number of kidney param-
eters were observed in all groups treated with infertility
drugs compared to the control group. Notably, significant
elevations in urea, creatinine, and uric acid were found,
particularly in the groups treated with Clomid and Du-
phaston for an extended duration (two months). These
increases are associated with the use of infertility drugs,
which affect kidney function, leading to altered markers
of kidney performance. This finding is consistent with the
study by Gowda et al. [10], which highlighted that kidney
disorders can lead to impaired function indicators such as
creatinine and uric acid. The elevated levels of urea and
uric acid may also be linked to increased blood glucose
levels induced by infertility stimulants, as suggested by
Dabala [11], who reported that renal failure could result
from vasodilation and elevated glucose levels.

Regarding the effect of infertility drugs on electro-
lytes, the current results indicate an increase in potassi-
um and sodium levels following treatment. This may be
related to elevated estrogen levels, which is consistent
with the findings of Wong et al. [12], who demonstrated
that steroid hormones like estrogen have differential ef-
fects on potassium channels. Additionally, changes in
the permeability of cellular membranes due to estrogen
disturbances may also explain the elevated ion levels.
This observation aligns with the work of Carolyn and
Peter [13], who noted that variations in estrogen levels
influence the movement and passage of ions, particu-
larly potassium, across membranes. The observed de-

cline in calcium levels is likely due to ion imbalances
induced by infertility drug treatment, which is in agree-
ment with Wei et al. [14], who reported that reduced
calcium levels can indirectly affect potassium levels.

Histopathological analysis revealed tissue injuries
in the groups treated with infertility drugs, including in-
flammation, necrosis, congestion, hemorrhage, fibro-
sis, edema, and damage to the glomeruli, such as death,
bleeding, absence, and breakdown. These injuries are
likely linked to the use of infertility drugs. Mahimain-
than et al. [15] reported glomerular hypertrophy due to
hyperplasia of glomerular epithelial cells. The enlarge-
ment of glomeruli could be attributed to the infiltra-
tion of inflammatory cells, which is supported by the
findings of Dervisoglu et al. [16], who observed that in-
flammation leads to hypertrophy, a process potentially
induced by the use of infertility stimulants.

Necrosis observed in histological sections of the
kidney may be linked to hyperglycemia resulting from
the drug treatment, a finding consistent with Marcheix
et al. [17], who reported that elevated blood glucose
levels contribute to necrosis. Additionally, hyperglyce-
mia can stimulate oxidation enzymes, as noted by Rabol
et al. [18]. These pathological changes could also be a
consequence of ovarian hyperstimulation syndrome,
which is induced by infertility drugs. This is in agree-
ment with Kobak et al. [19], who demonstrated that
Clomiphene citrate can cause ovarian hyperstimulation
syndrome, potentially leading to renal complications.
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Clomid is widely prescribed to women with ovu-
latory issues, particularly in the case of polycystic ova-
ry syndrome (PCOS), and is considered an affordable
first-line treatment compared to more invasive fertility
procedures. Clomid is also occasionally used in men
to treat infertility by stimulating testosterone produc-
tion. Duphaston is prescribed for conditions such as
dysmenorrhea, irregular menstrual cycles, luteal phase
deficiency, recurrent miscarriage, endometriosis, and
hormone replacement therapy. Procreation V is uti-
lized in advanced assisted reproductive technologies,
including in vitro fertilization, intracytoplasmic sperm
injection, and cryopreservation techniques. It is also
used in genetic screening and editing through pre-
implantation genetic testing, personalized medicine in
fertility, fertility preservation, and third-party repro-
duction.

Our study has several limitations. The primary lim-
itations include the small sample size and the short du-
ration of the study. Additionally, Clomid is associated
with a low pregnancy success rate, limited effectiveness
after 3-6 cycles, and potential side effects. Further-
more, all the agents used in this study are less effective
in cases of severe ovulatory dysfunction or the presence
of tubal or uterine factors.
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Abstract. Nephrotic syndrome (NS) is a kidney disorder caused by increased
permeability of the glomerular filtration barrier. The diagnosis is based on four
main clinical features: edema, hyperlipidemia, hypoalbuminemia, and proteinuria.
The pathogenesis of NS is linked to multiple pathways, including inflammation and
apoptosis. The present study aimed to assess oxidative stress and hypoxia parameters
in children with NS.

Methods. This cross-sectional study included 88 patients with NS at different stages
of chronic kidney disease (CKD) and 25 healthy individuals (control group). Plasma
samples were used to measure intracellular hypoxia-inducible factor alpha (HIF-1a,)
and manganese superoxide dismutase (Mn-SOD). The levels of superoxide radicals
were assessed using the electron paramagnetic resonance (EPR) method. ANOVA,
followed by the post hoc Kruskal-Wallis test for multiple comparisons, was used to
determine statistical significance. Statistical analysis was performed using Past4
software for Windows. A p-value <0.05 was considered statistically significant.
Results. A significant increase in the generation rate of superoxide radical anions (02" )
by neutrophils was detected in all children with NS (1.55%0.7 nmol/1x 1 cells/min in
the CKD I stage group and 2.79+0.22 nmol/1x 1(P cells/min in the CKD II-I1II stage
group, p<0.01). The expression of Mn-SOD was reduced to 76.57£4.62% in the CKD
1 stage group and further decreased to 59.03+3.23% in the CKD II-1I1 stage group,
compared to the control group (p<0.01 and p<0.001, respectively). Individual analysis
of plasma HIF- lo levels and Mn-SOD levels revealed a significant inverse correlation
between these biomarkers (r=-0.71, p<0.0001, CI: -0.8003 to -0.5878).

Conclusions. This study demonstrates that oxidative stress activation leads to a
significant reduction in antioxidative capacity in children with nephrotic syndrome.
An inverse correlation was observed between Mn-SOD levels and plasma HIF-Io.
levels, suggesting a potential interplay between oxidative stress and hypoxia in NS
pathogenesis.

Key words: oxidative stress, anti-oxidative defense, hypoxia, nephrotic syndrome,
children.
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IToxa3HMKHM OKHCHOTrO CTpeCy Ta rinokcii y aireii 3 He()pOTHIHMM CHHAPOMOM

HauionansHuit MmennunHuii yHiBepcutet iMeHi O.0. boromounbiis, Kuis, Ykpaina

Pesiome. Hegpomuunuii cunopom (HC) € 3axeoprosanHam HUPOK, sKe GUHUKAE 8 pe3yabmami ni0euujeHHs
NPOHUKHOCMI KAyb60uKk06020 inbmpayiiinozo 6ap epy. Habpsaku, einepainioemis, einoarvOyminemis ma npomeinypis
€ YOMUPMA OCHOBHUMU KAIHIYHUMU O3HAKAMU, AKi GUKOPUCMOBYIOMbCS 045 6cmaHosnents diaeno3y. [lamoeenes HC
N086 A3aHUIl 3 KiMbKOMA WAAXAMU, 8KAIOYAIOYU 3aNAAEHHS, anonmo3, moujo. Memoio ybo2o docaidicenHs 6y10 @UBHEHHs
NOKa3HUKI6 oKcudamuerozo cmpecy ma einokcii y dimeii 3 HC.

Memoou. IIposedero odHoMOMeHmHe D0caidxuceHHs, 6 ke ekatoueHo 88 nauienmie 3 HC 3 piznoro cmadiero xpo-
HiyHOT x60pobu Hupok (XXH) ma 25 30oposux dimeil (KoHmpoavHa epyna). 3pasku niasmu UKOPUCMO8Y8ANU 05l BU-
MIPHOBAHHA MapKepa eHYMPIUHbOKAIMUKHOI 2inokcii, - einpokcis-indykoeanoeo axmopa 1-aregpa (HIF-1alfa) ma
AHMUOKCUOGHMHO020 MapKepa Maneanyesoi cynepokcudoucmymasu (Mn-SOD). Memoo eaekmporHo20 napamaeHimHo-
20 pesonancy (EIIP), euxopucmanuii 0as eumiproeanus piernie cynepokcudnux paouxanie. ANOVA 3 mecmom Kpacke-
Aa-Yonnica 045 NOPIGHAHHSA HE3ANEHCHUX 3MIHHUX, 3ACMOCO8AHO0 045 nepesipku 3Hauyujocmi giominnocmeil. Ilpoepamme
3abe3neyenns Past4d ons Windows euxopucmaro ons cmamucmuurnoi 06pobku danux. 3uauenus P <0,05 esaxcaromovcs
CMAamucmu4Ho 3HA4YUUMU.

Pesynomamu. 3naune npuckopenHs weudkocmi eenepauii cynepoxcuduux paodukanie (O2-.) neilmpogiramu,
susieaero 6 ycix dimeii iz HC (1.55%0.7 umons/ 1 103 kaimun-xe y epyni XXH I cmadii ma 2.79+0.22. Hmonv/1-103
Kaimun-xe y epyni 3 XXH I1I-111 cmadii, p<0.01). Excnpecia Mn-SOD 3uuzunacs do 76.57+4.62% nopisusano 3 konmp-
onemy epyni XXH I cmadii ma do 59.03+£3.23% y epyni 3 XXH I1-111 cmadii (p<0.01 ma p<0.001 8ionogiono, nopiensno
3 epynoio koumpoaro). Inousioyanrvnuii ananiz piens HIF-1 6 naasmi kpoei ma pieHs aHmMuokcuoaHmHozo gepmenmy
Mn-S0D y sussue Hasericmo HecamugHoi kKopeasayii mixc yumu diomapkepamu (r=-0.71, p<0.0001, 11: id -0.5003 do
-0.5878). ).

Bucnoeku. Byno nokasano, wjo gonosuii cmam, noé’a3anuil 3 aKmMueayiero oKCUOamueHo2o cmpecy, 8UKAUKAE
3HAYHY empamy aHMuUoKcuoanmuoi 30amuocmi y dimeil 3 Heghppomuynum cunopomom. InougidyanrvHuil ananiz nokas-
HUKI6 8UsA8UE 360POMHULL He2AMUBHULL KOPeAUIUHUL 36 A30K MiXc piGHAMU aHmuoKkcudanmuoeo pepmenmy Mn-SOD i
HIF-1.

KirouoBi ciioBa: oxcudamuenuii cmpec, aHmuoKcuOaHmMHUI 3aXUCM, 2INOKCIsl, He@pOMmuuHUL CUHOPOM, Jimu.

Introduction. Heavy proteinuria, hypoalbumin-
emia, hyperlipidemia, and edema are caused by the
glomerular filtration barrier’s enhanced permeability in
nephrotic syndrome. It has been reported that there are
two to seven instances per 100,000 children, mainly af-
fecting the pediatric population [1]. Inflammation and
oxidative stress have been linked to the pathophysiol-
ogy and consequences of neuropathy, even though the
condition is frequently idiopathic in juvenile patients
[1, 2]. The majority of individuals with idiopathic NS
experience clinical remission after 4 weeks of therapy
with glucocorticoids. No matter how long they have
been exposed to glucocorticoids or whether they are in
remission, children with NS have more cardiovascular
risk factors than other pediatric patients [1, 3].

Ievgeniia Burlaka
evgbur1982@gmail.com

Hypoxiainthose kidsisassociated with inflammation
and oxidative damage. Reactive oxygen species (ROS)
and the antioxidant system that neutralizes them are out of
balance in an oxidative stress state, which impairs cellular
signaling and causes cell damage [4]. By weakening the
glomerular filtration barrier, encouraging inflammation,
changing lipid metabolism, compromising endothelial
function, and inducing cellular damage, oxidative stress
can play a role in the onset and progression of NS [5].
Numerous investigations have demonstrated that NS pa-
tients have significant levels of oxidative stress during the
acute stage of the illness, and other research has found
that oxidative stress indicators are elevated even after the
disease has responded to steroid treatment [6—8].

Despite their resource-intensive and time-con-
suming nature as well as their limitations in captur-
ing the combined prooxidant and antioxidant impact,
previous NS research predominantly assessed indi-
vidual prooxidant and antioxidant indicators [2, 8, 9].
Previous research mostly concentrated on lipid perox-
idation in NS, particularly malondialdehyde (MDA)
(8, 9].
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Evaluation of both damaged stable molecules and
antioxidant molecules, including enzymatic and non-
enzymatic antioxidants, is required for the assessment
of oxidative stress.

This study’s goal is to assess the parameters of hy-
poxia and oxidative stress status in kids with hormone-
sensitive forms of NS to look for any potential correla-
tions between them.

Material and methods. Patients. This cross-sec-
tional study was carried out on 88 children with ne-
phrotic syndrome. Informed written consent was ob-
tained from the parents of all participants. The study was
approved by the local ethical committee of the Medical
University and the research complied with the Helsin-
ki Declaration. The inclusion criteria were as follows:
children with steroid-sensitive nephrotic syndrome
(SSNS) (proteinuria >3 gm/ day, hypoalbuminemia,
and edema; patients who were informed and agreed to
participate in this study. The exclusion criteria were the
following: patients with steroid-resistant forms of NS;
patients with missing clinical data, patients with other
proteinuric diseases; and patients with concomitant
inflammatory, autoimmune diseases, cancer, diabetes,
and allergy. The steroid-sensitive nephrotic syndrome
(SSNS) group were those who responded to steroid
treatment within 8 weeks. The control group consists of
25 healthy individuals. We used an online calculator to
determine body mass index (BMI) from weight (kg) and
height (cm) for children. Blood pressure measurement
was measured in a sitting position by using a mercury
sphygmomanometer with an appropriate cuff size. The
glomerular filtration rate (GFR) was evaluated using
the online calculator.

Immunoblotting for detection of HIF-lalfa. Plasma
samples were used to measure marker intracellular hy-
poxia HIF-1alfa and Mn-SOD. Proteins solubilized in
Laemmli sample buffer were resolved in polyacrylamide
gels by SDS-PAGE and transferred to a polyvinylidene
difluoride membrane. Membranes were then blocked
in 5% non-fat milk in TBS-T (136 mM NacCl, 10 mM
Tris, 0.05% Tween 20) and immunoblotted using the
HIF-1aa Ab (Cell Signaling Technology, Danvers,
MA USA) for 1 hour at room temperature. The actin
mouse mADb was used as a loading control. After three
washes with TBS-T, the membranes were incubated
with secondary anti-rabbit or anti-mouse antibodies la-
beled with horseradish peroxidase for 1 hour at room
temperature. Membranes were washed three times with
TBS-T. The protein bands were visualized by chemilu-
minescent substrate ECL. Quantification of the protein
content was done by densitometric analysis.

Superoxide detection. The method of determining
the rate of the superoxide generation is carried out as
follows. Neutrophils are isolated from 2 ml of venous
blood of the studied patients with 3% trilon B according
to a known method. The resulting cells used to mea-
sure the generation of superoxide radical anions using
the spin trap 1-hydroxy-2,2,6,6-tetramethyl-4-oxo-
piperidine hydrochloride (TEMPONE-H) and the

method electron paramagnetic resonance (EPR) in a
special paramagnetically clean quartz cuvette at room
temperature.

Statistics. The data is expressed as means + SEM
and as frequencies and percentages when appropriate.
ANOVA followed by the post hoc Kruskal-Wallis test
for multiple comparisons used to test the significance
of differences. Pearson correlation was run to study the
correlation between factors. The sample size was calcu-
lated by online calculator. The power equaled 0.9 used
in this study. Data processed using Past4 Software for
Windows (USA). P values <0,05 are considered statisti-
cally significant.

Results. Patients. The main causes of NS in the
examined children were glomerulopathies (focal seg-
mental glomerulosclerosis, membranous glomerulone-
phritis) — 92%, IgA nephropathy — 5%, rapidly progres-
sive glomerulonephritis — 3%. Examination of children
with NS included general clinical examination; com-
plete blood count; urinalysis; daily proteinuria mea-
surement; blood glucose test; biochemical parameters
measurement — blood protein, Serum creatinine and
urea, blood serum cholesterol; instrumental examina-
tion - electrocardiography (ECG), ultrasound exami-
nation of abdominal organs and kidneys (USD), daily
blood pressure monitoring.

The average age of patients is 12.25+0.85 years,
and the average duration of the disease is 7.65%0.33
years. 55.3% of the patients included in the study were
boys and 44.7% were girls. The average value of BMI
was 21.8%+0.73. Values of heart rate and blood pressure
were measured at the reception before inclusion in the
study. The heart rate value was 84.67+3.02 bpm. Systol-
ic blood pressure in the group was 126.5£2.44 mmHg,
diastolic blood pressure was 81.22+1.08 mmHg. Edema
was detected in all examined subjects, and hypertension
in 48.6%.

All patients underwent a complete blood count
test. Indicators of erythrocytes, leukocytes, platelets,
Hb, and ESR were analyzed. Eythrocytes number was
4.0240.3-1012/1, leukocytes 8.37£0.65-109/1, plate-
lets 297.6+8.64-109/1, hemoglobin — 118.2+1.62 g/I,
ESR — 13.8%+1.13 mm/h.

The main biochemical indicators of all children
with NS were evaluated. Proteinuria level, GFR, and
serum creatinine level were selected as indicators for
kidney function assessment. The average level of pro-
teinuria was 8.12+0.8 g/24 h, GFR - 95.4+4.04 ml/
min/1.73 m2, serum creatinine 70.23+2.38 pmol/I. The
level of cholesterol in the blood serum as a marker of
lipid metabolism disorders was recorded at the level of
10.24+1.33 mmol/I, total blood protein 49.17%1.5 g/I,
blood alpha?2 globulins 25.57+0.3 g /1.

In the course of the study, it was established that
the main complaints of patients with NS were: ede-
ma - in 88 (100%) of the examined, headaches - in 67
(76.1%) patients, lack of appetite - in 61 (68.9%), thirst
—in 69 (78.9%) examinees (Fig. 1).

YKPATHCBKUIN XXYPHOA HEPPOAOTT TO Aiaaidy N21 (85) 2025

OpUriHOABHI HOYKOBI POBOTU 25



Original Papers

Ukrainian Journal of Nephrology and Dialysis, 1 (85)2025

30
60
40
20
0

Complaints, %

Headaches Apetite loss Thirst Edema

Fig. 1. Complaints in examined children with nephrotic

syndrome.

Markers of oxidative stress in nephrotic children.
A study of the levels of activation of blood neutrophils
in children with NS revealed a significant acceleration
of the rate of generation of superoxide radical anions
(0,..), characteristic of chronic inflammation (Fig. 2).

SRR Stage- ¢

CKD | stage

Control ﬁ

1
0 1 2 3 4
Superoxide level, nMol/1 0° cells/min

%k

Fig. 2. Levels of inflammatory activation of blood neutrophil

granulocytes in children with NS and controls depending on

the CKD stage. Note: ** — p<0.01 — statistically significant
level.

At the same time, the degree of inflammatory ac-
tivation of cells depended on the presence of a viola-
tion of the filtering function of the kidneys - more pro-
nounced changes were recorded in patients with a slow-
ing of the rate of GFR in CKD II-III stage (2.79£0.22
nmol/1:10% cells'min versus 1.55+0.7 nmol/1-103
cells'min in the group with CKD I stage, p<0.01).

Oxidative stress is an important pathogenetic com-
ponent in the development of inflammation in kidney
pathologies that have a chronic course. Oxidative stress
develops as a result of an imbalance between the level
of production of radical forms of oxygen and the state
of activity of antioxidant protection. The development
of oxidative stress is the primary disturbance in the oc-
currence of the following. The following signaling reac-
tions are associated with the activation of cellular sig-
naling, which triggers cell apoptosis, a decrease in their
regenerative capacity, and fibrosis. These factors have a
stochastic damaging effect on kidney function.

ROSs are very destructive molecules for cells. At
the same time, these ROSs play an important physio-
logical role in kidney physiology, acting as activators in
signaling pathways. However, even with their formation

in the processes of normal mitochondrial respiration,
RFK can accumulate excessively, which ultimately
leads to the loss of positive aspects of their cellular and
tissue functions and, ultimately, to the development of
a pathological process.

The kidney is a highly functional organ, the func-
tioning of which relies heavily on aerobic metabolism
for the production of ATP by oxidative phosphoryla-
tion. Recovery of molecular O2 in the mitochondrial
respiratory chain is vital for kidney cell function, but
potentially disruptive in the long term. The mitochon-
drial respiratory chain consists of five multi-enzyme
complexes, which are responsible for maintaining mi-
tochondrial membrane potential and ATP synthesis.
Each of these complexes is a ROS generation site; how-
ever, the main ones are complexes I and I1I, which are
defined as the main O2 sites of generation. Damage to
respiratory complexes and substrates leads to ineffective
electron transfer, and the subsequent increase in ROS
synthesis, decrease in ATP synthesis, and loss of mito-
chondrial membrane potential. The above-described
processes take place in diseases that are associated with
chronic inflammation, which is accompanied by the
activation of oxidative stress.

The state of antioxidant protection in children with
nephrotic syndrome. The levels of Mn-SOD were ana-
lyzed in all patients. A decrease in the level of antioxi-
dant protection was found in all children with NS. At
the same time, the degree of inhibition of antioxidant
protection in NS depends on the presence of impaired
kidney function. Thus, with preserved function (CKD
I stage), the expression of Mn-SOD was reduced to
76.57£4.62%, compared to the control. With a more
prominent decrease in GFR (CKD II-III stage), a de-
crease in the level of the indicator was observed down to
59.03%£3.23% (p<0.01 and p<0.001, respectively, com-
pared to the control group) (Fig. 3).

Control CKD I st CKD Il st

WB: Mn-SOD S —

WEB: D-2Ctin . — c—
A.
Mn-SOD
CKD I1- shgu-.-
CKD | stage - .: *%k
*
contm'ﬁ""m
0 50 100 150
B

Fig. 3. (A) Western blot of the antioxidant biomarker Mn-
SOD in children with NS and various stages of CKD.
(B) Indicators of Mn-SOD levels in children with NS and
various stages of CKD.

* — p<0.05, ** — p<0.01 — statistically significant levels.
WB — Western Blotting.
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Individual analysis of the level of HIF-1a plasma
and the level of the antioxidant enzyme Mn-SOD in
patients determined the presence of an inverse negative
correlation (r=-0.71, p<0.0001, CI: -0.8003 to -0.5878)
(Fig. 4). These data indicate the dependence of the level
of chronic hypoxia on the degree of damage to the fil-
tration barrier of the kidneys and confirm the direct in-
volvement of hypoxic damage in the progression of NS.
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Fig. 4. The relationship between the plasma HIF-1a. level
and the antioxidant enzyme Mn-SOD in children with
nephrotic syndrome.

Discussion. The inflammation underlying the
pathogenesis of NS is manifested both in the form of
an isolated local inflammatory reaction and as part of a
systemic inflammatory disorder that leads to interstitial
fibrosis, tubular atrophy, and glomerulosclerosis [2-4].

Cellular reactions that take part in the implemen-
tation of this inflammation include activation, migra-
tion, and adhesion of pro-inflammatory cells (neutro-
phils, monocytes/macrophages, lymphocytes) with
the implementation of a wide range of inflammatory
mediators, including adhesion molecules, proteases,
enzymes, oxygen free radicals, chemokines, growth
factors, pro- and anti-inflammatory cytokines [10]. We
have previously shown that pediatric patients with NS
have high levels of hypoxia and this parameter gradually
progresses with decreased kidney function [11, 12].

Numerous diseases have been linked to oxidative
stress, which is an imbalance between the body’s an-
tioxidant defenses and the creation of ROS. Numer-
ous illnesses, such as autoimmune disorders, metabolic
diseases, and cardiovascular pathologies, demonstrate
the significant influence of oxidative stress on cellular
homeostasis and tissue integrity. Disturbance of redox
balance is a major factor in the initiation of inflam-
matory reactions and exacerbation of various medical
disorders, including rheumatoid arthritis, diabetes mel-
litus, atherosclerosis, obesity, and hypertension [13].

Because hypoxia plays a major role in renal fibro-
sis, it may be possible to prevent or delay the illness by
therapeutically modifying the hypoxic response. Hy-
poxia-inducible factors (HIFs), such as HIF-1a and
HIF-2a, are the main agents that trigger the cellular
hypoxic response [14].

Oxygen level has a specific impact on HIF-1a sta-
bility, subcellular localization, and transcriptional ac-
tivity. Hypoxia, on the other hand, prevents the HIF-

la protein from degrading and increases HIF-1a levels,
which then bind to HIF-1b and activate target genes
through transcription [15].

Oxidative stress and increased generation of re-
active oxygen species (ROS) have also been linked to
hypoxia [16]. ROS is a tool with two sides. Low ROS
concentrations are crucial signaling molecules in a vari-
ety of pathological mechanisms. On the other hand, too
much ROS causes cellular damage and starts the cell
death process. HIF-1 is a heterodimer consisting of an
O,-regulated a subunit and a constitutively produced 3
subunit that plays a crucial role in cellular responses to
hypoxia. o subunit levels are controlled by ubiquitin-
dependent proteasomal degradation in a normoxic en-
vironment [14-16].

The production of ROS under physiological condi-
tions is in balance with the activity of antioxidant sys-
tems, such as superoxide dismutase (SOD), glutathione
peroxidase (GPX), and glutathione (GSH). It is shown
that the accumulation of oxidative damage occurs
mainly due to a decrease in the level of endogenous an-
tioxidants, in parallel with an increase in the production
of RFK. Thus, adequate activity levels of the body’s an-
tioxidant systems are vitally important for normal cell
function [13].

Mitochondria have their own system of antioxi-
dants, such as mitochondrial manganese-SOD (Mn-
SOD), and copper/zinc-SOD (Cu/Zn-SOD), which
converts O,-. into H,0,, which then decomposes into
H,0 and O,. GPXis also present in mitochondria [17].

Inflammation, and activation of ROS generation
by mitochondrial, cytoplasmic, and extracellular sourc-
es leads to the development of oxidative stress [13]. En-
dogenous antioxidants, ensure the termination of the
lipid peroxidation reaction in the phospholipid bilayer
of cell membranes. -3 fatty acids displace arachidonic
acid in the cell membrane and thereby reduce the for-
mation of ROS, which are derivatives of arachidonic
acid, thereby significantly reducing inflammation and
subsequent fibrosis [13-17]. Significant consequences
of oxidative stress in plasma proteins are called ad-
vanced oxidation protein products (AOPP), which
cause glomerular podocyte dysfunction and proteinuria
by stimulating the Wnt/b-catenin signaling pathway
[8].

The levels of Mn-SOD were analyzed in all pa-
tients. A decrease in the level of antioxidant protection
was found in all children with NS. Individual analysis
of the level of HIF-1a plasma and the level of the an-
tioxidant enzyme Mn-SOD in patients determined the
presence of an inverse negative correlation (r=-0.71,
p<0.0001, CI: -0.8003 to -0.5878) (Fig. 4). These data
indicate the dependence of the level of chronic hypoxia
on the degree of damage to the filtration barrier of the
kidneys and confirm the direct involvement of hypoxic
damage in the progression of NS.

This study has certain limitations that must be pre-
sented. Our study was cross-sectional, at a single center
with somewhat limitations in patients including a con-
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trol group. Moreover, factors that potentially can affect
oxidative stress, i.e. variability in steroid therapy or nu-
tritional status, have not been presented in this study.

Conclusions. In children with NS a background
condition dealing with the activation of oxidative stress,
a pronounced decrease in anti-oxidative capacity has
been studied. Individual analysis of the level of HIF-
la plasma and the level of the antioxidant enzyme Mn-
SOD in patients determined the presence of an inverse
negative correlation. We suggest that monitoring of oxi-
dative stress marker (superoxide), a marker of chronic
hypoxia (HIF-1alfa), and an antioxidative marker (Mn-
SOD ) in children with NS may have a potential clinical
significance in terms of further distinguishing groups for
the additional therapeutic interventions.
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Abstract. Candida species are increasingly recognized as causative agents of urinary
tract infections (UTIs), particularly in immunocompromised individuals. Among them,
Candida albicans is the most prevalent and exhibits virulence factors that enhance
adhesion, biofilm formation, and antifungal resistance. This study investigates the
molecular identification, antifungal resistance profiles, and virulence gene prevalence
(ALS1, ALS3, HWPI) in C. albicans isolates from women with UTIs in Thi-Qar
Province, Iraq.

Methods. A total of 150 urine samples were collected from women with UTIs and control
groups. Candida species were isolated on Sabouraud Dextrose Agar and identified using
phenotypic (Gram staining, germ tube test, CHROM agar) and molecular methods
(PCR using ITS1 and ITS4 primers). Antifungal susceptibility testing was performed
against seven antifungal agents using the disc diffusion method. Virulence genes (ALS1,
ALS3, HWPI) were detected via PCR, and sequencing was conducted for ALS1 and
ALS3 genes to assess genetic variation.

Results. C. albicans was the most frequently isolated species (54%), followed by C.
krusei (24%), C. glabrata (16%), and C. tropicalis (6%). Antifungal resistance was
highest against itraconazole (96.3%), fluconazole (88.9%), and voriconazole (85.2%),
whereas amphotericin B (29.6%) and nystatin (18.5%) exhibited the lowest resistance
rates. PCR analysis revealed high prevalence rates for virulence genes: HWP1(96.3%),
ALS1(88.8%), and ALS3 (77.7%). DNA sequencing confirmed the presence of genetic
diversity among isolates.

Conclusion. The study highlights the significant role of C. albicans in UTIs and its
increasing resistance to azole antifungals. The high prevalence of virulence genes
suggests a strong pathogenic potential, emphasizing the need for effective antifungal
stewardship and molecular surveillance to manage Candida infections in clinical
settings.

Key words: Candida albicans, urinary tract infection, antifungal resistance, virulence
genes, identification.
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MouaekysipHa inentudgikanis, npogLIIOBaHHSA I'eHiB BIPYJEHTHOCTI Ta
YYTJIMBICTb /10 MPOTUTPUOKOBUX 3ac00iB i3oaTiB Candida albicans,
BU/IiJIEHUX Y KIHOK i3 iH()eKIi€r0 ce40BOi CHCTEMH

®daxynereT Gionorii, Haykosuit komemxk, YHiBepcuret Ti-Kap, Ti-Kap, Ipak

Pesiome. Buou Candida dedani uacmiwe eusnauaromocs sk 36yonuku ingexuiit cevogoi cucmemu (ICC), oco-
6aueo y imynoxomnpomemosanux ocio. Ceped nux Candida albicans € natinowuperiuum 8udom i nposease gaxmopu
8IpyNeHMHOCMI, W0 CRPUSIOMb adeesii, ymeopeHHio Oionnieok ma npomupubdkosiil pezucmenmuocmi. Ile docridncenus
npucesuene MoaeKyAApHill idenmugbikayii, npoginto pezucmenmrocmi 0o npomuepubKo8ux 3acobie ma NOWUPEeHOCHi
eenie gipynenmuocmi (ALS1, ALS3, HWPI) ceped izonamie C. albicans, sudinenux y acinox iz ICC y npoginyii Jli-Kap,
Ipak.

Memoou. byao docaioxuceno 150 3paskie ceui ucinok i3 ICII ma konmpoasroi epynu. Budu Candida izonvoearo
Ha aeapi Cabypo ma idenmupixoeano 3a donomoeor peromunosux memodie (papoysanns 3a Ipamom, CHROM-aeap)
i monexynsapuux memodie (ILJIP i3 suxopucmanuam npaimepie ITS1 ma ITS4). Yymausicms do npomuepudkosux 3a-
cobie susHavaiu memooom Oucko6oeo ougysiiinoeo mecmy npomu cemu anmumixomuxie. lenu sipysenmnocmi (ALS1,
ALS3, HWPI1) eéuseasau 3a donomoeoro IIJIP, a cexeenysanus eenie ALS1 ma ALS3 npoeodunu 015 ouiHKu eeHemuyHux
eapiayiil.

Pezyavmamu. Hativacmiwe suznayaau C. albicans (54%), C. krusei (24%), C. glabrata (16%) ma C. tropicalis
(6%). Haiisuwuii pisens pezucmenmuocmi cnocmepieascs 0o impaxonaszony (96,3%), gaykonaszony (88,9%) ma eopu-
Kouazony (85,2%), mooi sik amgpomepuyun B (29,6%) i nicmamun (18,5%) maru natinuxcui nOKA3HUKU Pe3UCEHMHOC-
mi. Ananiz IIJIP nokasae eucoky nowupenicmo 2enig gipysenmuocmi: HWPI (96,3%), ALS1 (88,8%) i ALS3 (77,7%).
Cexeenysanns IHK niomeepduno nasenicmo eeHemuuno2o noaimop@iamy ceped izoasmis.

Bucnosku. Jlocaidncenus niokpecaioe 3nauny poav C. albicans y pozsumxy ICC ma ii 3pocmarouy pezucmenm-
Hicmb 00 a30abHUX anmumikomukie. Bucoka nowupenicmo eenié gipyreHmuocmi c8iduumos npo 3HAUHUN NAMOCeHHUT
nomeHyian ybo2o 30YOHUKA, W0 NiOKpecatoe HeoOXIOHICMb eheKMUBH020 NPOMUEPUOK08020 KOHMPOAHD MA MOACKYASAD-

H020 MOHImopuHey 043 onmumanvioeo aikysanus Candida-acouiiiosanux ICC 6 kainiuniil npakmuyi.
Kmouosi cioBa: Candida albicans, ingexuyii cevogoi cucmemu, npomuepubkoea pesucmenmuicms, eeHu eipy-

JAeHmHocmi, idenmugbikayis.

Introduction. Candida species are an uncommon
cause of urinary tract infections (UTIs) in healthy in-
dividuals but are frequently found in hospital settings or
among patients with predisposing illnesses and anatom-
ical abnormalities of the urinary system [1, 2]. UTIs are
inflammatory disorders caused by the abnormal pres-
ence and proliferation of microorganisms in the urinary
system, and they represent the most common infec-
tion across all age groups [3]. Community-acquired
UTIs are a frequent problem affecting both genders,
but women are more susceptible due to differences in
urogenital and reproductive anatomy, the proximity of
the urethra to the gastrointestinal opening, physiology,
and lifestyle [4-6]. The manifestation of a UTI varies
depending on the specific pathogen involved, the extent
of the illness, and the immune response of the affected

Muna Faisal Jihad:
muna.jihad@sci.utq.edu.iq

individual [7]. Clinically, UTI symptoms include dys-
uria, hematuria, fever, chills, flank pain, and bactere-
mia, which can lead to serious complications such as
hypertension, septicemia, and death [8, 9].

The incidence of fungal UTIs caused by Candida
species (candiduria) has increased significantly by two
to three times in recent years, along with an increase in
resistance to antifungal drugs used to treat them [10-
12]. Candida species, particularly Candida albicans,
are considered an important part of the normal vaginal
microflora of most healthy women, colonizing the ex-
ternal genitalia in premenopausal and healthy females
[13, 14]. In immune-deficient conditions, Candida
may convert into an opportunistic pathogen, leading to
Candida urinary tract infections (UTISs) in the host [15].
Candida albicans has become a significant health con-
cern in immunocompromised patients and can cause a
wide variety of mucosal and systemic infections [16].

Many virulence factors encoded by C. albicans
genes play a central role in its pathogenicity, facilitat-
ing its invasion into host tissues and leading to infec-
tions [17]. Other factors include adherence to differ-
ent tissues, biofilm formation, phenotypic switching,
dimorphism, and hydrolytic enzyme production [18].
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Secreted aspartyl proteinases, agglutinin-like sequence
(ALS) genes, hyphal wall protein (HWP), and cell wall
glycoproteins (adhesions) mediate adherence to various
targets, including other microorganisms’ cells, abiotic
surfaces, and different host cells. This is a critical step
in biofilm production and the development of infection
[15, 19].

In C. albicans, the agglutinin-like sequence
(ALS) gene family is the largest known gene family
and is considered one of the significant traits in adhe-
sion and biofilm formation [20]. The ALS gene fam-
ily consists of eight genes, including ALS1-ALS7 and
ALS9, which encode large glycosylphosphatidylinosi-
tol (GPI)-linked cell surface glycoproteins important
for the production of cell surface glycoproteins, lead-
ing to increased adhesion to host cells [21, 22]. ALS1
and ALS3 genes have similar sequences and functions
that mediate attachment to epithelial and endothelial
cells and also play an important role in hyphal forma-
tion [23-26].

Another protein that affects adhesion and regula-
tion during biofilm formation in C. albicans is hyphal
wall protein (HWP1), produced by the HWPI gene
present in the hyphae [27, 28]. HWPI1 is a manno-
protein-linked glycosyl-phosphatidylinositol that re-
sembles the agglutinin-like sequence (ALS) proteins
encoded by the ALS family of genes [29, 30]. Addi-
tionally, it is the substrate for transglutaminase activity
derived from the host and plays a major role in contrib-
uting to the covalent attachment of Candida albicans
to several tissue and host cell surfaces [29-33]. Several
studies have shown that the HWP1-producing gene is
highly expressed in the early stages of biofilm forma-
tion [20]. Therefore, hyphal wall protein 1 (HWP1)
has shown a significant association with the pathoge-
nicity and virulence of C. albicans [30].

The presence of virulence genes and the increas-
ing prevalence of resistance to antifungal agents con-
tribute to the pathogenicity of Candida albicans [34].
Antifungal resistance is rising due to empirical man-
agement, the overuse of selective therapies, and the
frequent use of antifungal agents for fungal infection
prophylaxis in humans [35]. The relationship between
virulence genes and the resistance profiles of antifun-
gal therapies in Candida albicans has not been ad-
equately investigated; new studies are still needed on
these issues [32, 36].

Many studies in Iraq focus on the role of patho-
genic bacteria in the occurrence of UTIs, with only a
few addressing the role of C. albicans. Therefore, our
study aims to investigate the molecular identification,
antifungal resistance profiles, and the prevalence of
virulence genes (ALS1, ALS3, HWPI) in C. albicans
isolates from women with UTIs in Thi-Qar Province,
Iraq.

Materials and methods. Ethical approval. Ethi-
cal approval for this study was obtained from the Insti-
tutional Review Board (IRB) and the Ethics Commit-
tee of the Department of Biology, College of Science,

University of Thi-Qar (approval number 3/11/29, dat-
ed 08/01/2023). Permission for patient participation
was granted by the respective hospitals, with patient
selection facilitated by gynecologists at Al Nasiriyah
Teaching Hospital, Bint Al Huda Hospital, and pri-
vate clinics in Thi-Qar Governorate, Iraq.

Sample collection. A total of 150 urine samples
were collected from women (both patients and healthy
controls) aged 15-60 years attending Al Nasiriyah
Teaching Hospital, Bint Al Huda Hospital, and private
clinics in Thi-Qar Province, southern Iraq, between
December 2022 and March 2023. The samples were
transported to the Microbiology Laboratory in sterile
containers and cultured within 3 hours of collection.

Isolation and identification of Candida species.
Urine samples were inoculated onto Sabouraud Dex-
trose Agar (SDA) and Malt Extract Agar (MEA) sup-
plemented with chloramphenicol to inhibit bacterial
growth. Candida species colonies were purified by
subculturing on SDA and incubated at 30°C for 48-
72 hours. Identification of Candida isolates was per-
formed based on colony morphology, Gram staining,
and the germ tube test in serum. Further confirmation
was achieved by subculturing on CHROM Agar Can-
dida (CONDA, Spain), where colonies were iden-
tified based on their characteristic color, as per the
manufacturer’s guidelines, after 72 hours of incuba-
tion [37].

Antifungal susceptibility testing by disk diffusion
method. Antifungal susceptibility testing was performed
on all Candida albicans isolates using the disk diffu-
sion method on Mueller-Hinton agar supplemented
with 2% glucose and 0.5 pg/mL of methylene blue. The
following antifungal agents were tested: Amphotericin
B, Clotrimazole, Itraconazole, Voriconazole, Flucon-
azole, Ketoconazole, and Nystatin. The methodology
followed the Clinical and Laboratory Standards Insti-
tute (CLSI) guidelines (2019) for antifungal resistance
testing [38].

Control strains. The standard C. albicans strain
(ATCC 10231) was used as a quality control for anti-
fungal susceptibility testing.

Molecular study of isolated C. albicans isolates DNA
extraction. Genomic DNA was extracted from the C.
albicans isolates using the Geneaid Genomic DNA Ex-
traction Kit (Geneaid, Taiwan) according to the man-
ufacturer’s instructions. DNA quality was assessed by
running the samples on a 1.5% agarose gel.

Molecular_identification. Conventional PCR was
employed for molecular identification of C. albicans us-
ing specific primers targeting the Internal Transcribed
Spacer (ITS1, ITS4) regions of the rDNA. PCR condi-
tions were as described by previous studies [36], and the
primers used are listed in Table 1.
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Table 1
Primer sequences and PCR product sizes for molecular study of C. albicans isolates
Gene Primer Sequence (5'—3’) Product Size (bp) Reference
ITS1 TCCGTAGGTGAACCTGCGG 500 [40]
ITS4 TCCTCCGCTTATTGATATGC
HWPI1-F ATGACTCCAGCTGGTT 572 [32]
HWPI-R TAGATCAAGAATGCGC
ALS3-F CCAAGTGTTCCAACAACTGAA 185 [20]
ALS3-R GAACCGGTTGTTGCTATGGT
ALSI1-F GACTAGTGAACCAACAAATACCAGA 318 [36]
ALS1-R CCAGAAGAAACAGCAGGTGA

PCR Amplification Procedure. The PCR amplification was conducted using a thermal cycler with the program

outlined in Table 2.

Table 2
PCR amplification program
Cycle Time Temperature Step
1 5 min 95°C Initial Denaturation
35 30 sec 95°C Denaturation
30 sec 50-58°C Annealing (specific temperatures for each primer: 58°C for ITS, 52°C
for HWP1, 55°C for ALS3, 50°C for ALS1)
1 min 72°C Extension
1 10 min 72°C Final Extension

Validation of molecular assays. Twenty-five Can-
dida isolates were confirmed by sequencing and re-
corded in the NCBI database (Accession Numbers
LC791623 to LC791648). Results were verified using
the NCBI BLAST tool to detect any sequence altera-
tions.

Detection of virulence genes (HWPI, ALS1, ALS3).
PCR amplification was conducted to detect the viru-
lence genes HWPI1, ALS1, and ALS3 using the primers
listed in Table 1. PCR reactions were performed in a 25
pL mixture containing 2 pL genomic DNA, 2 pL each
forward and reverse primers, 5 uL Master Mix, and nu-
clease-free water. The amplification protocol involved
an initial denaturation at 95°C for 5 minutes, followed
by 35 cycles of 30 seconds at 95°C for denaturation, 30
seconds of annealing at temperatures ranging from 50°C
to 55°C, and a 10-second extension at 72°C. A final ex-
tension step was performed at 72°C for 10 minutes. The
PCR products were visualized using 1.5% agarose gel
electrophoresis at 70V for 45 minutes, with sizes com-
pared against a 100-3000 bp DNA ladder (Bioneer,
South Korea).

DNA sequencing of ALS1 and ALS3 virulence genes.
The PCR products for ALS1 and ALS3 were sent to
Macrogen Inc. (South Korea) for sequencing. Se-
quencing results were analyzed using NCBI BLAST for
alignment and comparison to reference sequences.

Statistical analysis. Statistical analyses were per-
formed using SPSS software (version 26). Data were
presented as frequencies and percentages. Chi-square
tests and independent sample t-tests were used to assess
associations, with a significance level set at p < 0.05.

Results. Identification of Candida albicans iso-
lates. A total of 50 Candida species isolates were ob-
tained from 150 urine samples, representing four spe-
cies within the Candida genus. The most prevalent spe-
cies was Candida albicans (54%), followed by Candida
krusei (24%), Candida glabrata (16%), and Candida
tropicalis (6%). Of the Candida albicans isolates, 27
clinical isolates were identified using the germ tube test,
Gram staining, and chromogenic agar, and confirmed
by PCR amplification of the ITS1 and ITS4 regions.
A significant difference in the distribution of Candida
species was observed (p < 0.05) (Fig. 1).
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Fig. 1. Frequency of Candida albicans isolated from total urine samples.

Antifungal resistance of Candida albicans. Re-
sistance patterns of Candida albicans isolates to seven
selected antifungal agents were assessed. The highest
resistance was observed to Itraconazole (96.3%), Flu-
conazole (88.9%), Voriconazole (85.2%), Clotrima-

zole (85.2%), Ketoconazole (77.8%), Amphotericin
B (29.6%), and Nystatin (18.5%). Statistical analysis
revealed significant differences in antifungal resistance
(p <0.05) (Table 3, Fig. 2).

Table 3
Antifungal resistance patterns of Candida albicans in the present study

Antifungal agent Susceptible Intermediate Resistant P-value
Voriconazole 4 (14.8%) 0 23 (85.2%) <0.001
Amphotericin B 12 (44.4%) 7 (25.9%) 8(29.6%) <0.001
Clotrimazole 3(11.1%) 1(3.7%) 23 (85.2%) <0.001
Fluconazole 3(11.1%) 24 (88.9%) <0.001
Itraconazole 1(3.7%) 26 (96.3%) <0.001
Ketoconazole 4 (14.8%) 2(7.4%) 21 (77.8%) <0.001
Nystatin 19 (70.4%) 3(11.1%) 5(18.5%) <0.001

Fig. 2. A. Candida albicans on Candida chromogenic agar.
B. Antifungal susceptibility pattern of Candida albicans.

Frequency of virulence genes in Candida albicans.
The frequency of virulence genes, including HWPI,
ALS1, and ALS3, was assessed in 27 Candida albi-
cans isolates using PCR. Gel electrophoresis showed
the presence of the following genes: HWP1 (96.29%),
ALSI1 (88.88%), and ALS3 (77.77%). The most fre-
quently detected gene was HWPI1, followed by ALSI,
while ALS3 was the least frequent. The prevalence of
these genes in Candida albicans isolates is shown in
Table 4, and representative gel images are presented
in Figures 3-5.

Table 4

Prevalence of virulence genes in Candida albicans isolates by PCR

Gene Type Positive Negative t-test P-Value
ALS1 24 (88.88%) 3(11.11%) 0.273
ALS3 21(77.77%) 6(22.22%) 0.852
HWP1 26 (96.29%) 1(3.70%) 0.059
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Fig. 3. Agarose gel electrophoresis of PCR products for ALS1

gene amplification (318 bp). Lane L: DNA ladder (3000-100

bp); lanes 1-15, 17-21, and 22-27 show positive results, while
lanes 3, 10, and 16 show negative results.

Fig. 4. Agarose gel electrophoresis showing PCR product
analysis of the ALS3 gene (185 bp) in Candida albicans
isolates. Lane L: DNA ladder (3000-100 bp);
lanes 1-27 show positive results for the ALS3 gene.

HWP1 gene 572 bp

s 1z s 14
572 bo
— — — —

AL geres ST2 b
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Fig. 5. Agarose gel electrophoresis showing PCR product
analysis of the HWP1 gene (572 bp) in Candida albicans
isolates. Lane L: DNA ladder (3000-100 bp);
lanes 1-27 show positive results for the HWPI gene.

Sequencing and alignment of Candida albicans
genes. The nucleotide sequences of the ALS1, ALS3,
and ITS regions were aligned using BioEdit software
(v. 7.2.5) and compared to available sequences in the
NCBI GeneBank using the BLAST tool. Phylogenetic
trees were constructed for the ALS1 and ALS3 genes
using Mega X software. Sequencing of the ITS region
confirmed the identification of C. albicans isolates,
while the sequencing results for ALS1 and ALS3 genes
revealed genetic diversity within the isolates.

Discussion. Candida albicans has emerged as a sig-
nificant nosocomial uropathogen, with morbidity and
mortality often linked to the presence of virulence genes
and antifungal resistance [36]. In the present study,
Candida albicans was the most prevalent species, ac-
counting for 54% of the isolates, followed by Candida
krusei at 24%, Candida glabrata at 16%, and Candida
tropicalis at 6%. These findings align with a study in
Iraq, which also found Candida albicans to be dominant
over other species [37]. However, they contrast with
other studies that reported non-albicans Candida spe-
cies as the more frequently isolated from urine samples
[41]. The recovery rate of Candida species from urinary
tract infection (UTI) patients can vary across studies,
likely due to regional and population-specific factors,
as multiple variables contribute to the development of
UTIs [4].

Antifungal susceptibility testing is a crucial tool for
determining antifungal resistance and guiding appropri-
ate therapy for fungal infections [42]. The emergence of
multidrug-resistant (MDR) strains of Candida presents
a significant challenge in the treatment of invasive in-
fections, as it limits available antifungal treatment op-
tions [43]. Prolonged use of antifungals, especially in
the treatment of Candida albicans infections, has led
to the development of resistance [44]. In our study, in
vitro antifungal susceptibility testing using the disc dif-
fusion method revealed resistance of Candida albicans
isolates to seven selected antifungal agents: Itracon-
azole, Clotrimazole, Fluconazole, Voriconazole, Ke-
toconazole, Amphotericin B, and Nystatin. Our results
demonstrated that Nystatin and Amphotericin B were
the most effective agents, while resistance was most
commonly observed to Itraconazole, Clotrimazole, and
Fluconazole. These findings are consistent with studies
by [45, 46], but contradict others [47-49]. The resis-
tance of Candida albicans to antifungal drugs, including
azoles and polyenes (e.g., Nystatin and Amphotericin
B), varies in different studies. The underlying cellular
and molecular mechanisms of antifungal resistance
may differ depending on the drug’s mode of action [50].
For example, resistance may be linked to a decrease in
ergosterol content in the fungal cell membrane. Addi-
tionally, resistance to azole antifungals may result from
mitochondrial dysfunction and the presence of specific
Candida drug resistance genes [18].

The pathogenicity of Candida albicans is enhanced
by its ability to produce hyphae, adhere to host cells,
produce extracellular enzymes, and form biofilms,
which allow the fungus to evade host immunity and fa-
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cilitate tissue invasion [51, 52]. In this study, the ALS1,
ALS3, and HWP1 genes, which are critical for adhesion
to epithelial cells, mucosal surfaces, and biofilm forma-
tion, were examined. These genes also play a role in the
fungus’s resistance to antifungal agents such as Flucon-
azole [53]. Our study revealed that the most frequently
detected virulence gene was HWP1 (96.29%), followed
by ALS1 (88.88%) and ALS3 (77.77%). A similar study
in Iran reported a higher prevalence of HWP1 (96%),
ALS3 (94%), and ALS1 (92%) [19], while another study
found different prevalence rates: HWP1 (89.4%), ALS3
(91.5%), and ALS1 (78.7%) [20]. In Iraq, a previous
study reported a higher prevalence of HWP1 (100%)
but a lower prevalence of ALS1 (45.71%) [48]. The
variations in the prevalence of these virulence genes
can be attributed to differences in the number of isolates
studied and the isolation sites of C. albicans [54].

The presence of ALS1, ALS3, and HWP1 genes in
Candida albicans not only facilitates the transition of
Candida from a commensal to a pathogenic organism
but also plays a critical role in the formation of biofilms,
which may hinder treatment efficacy. These genes also
enhance the production of fungal hyphae, which enable
tissue penetration and infection. Thus, the detection of
these genes is valuable for accurate diagnosis and the
selection of appropriate treatments.

In terms of patient management and public health,
increased attention to the presence of Candida albicans
in urine is necessary. If left untreated, infections may
progress from acute to chronic forms, lead to ureteral
obstruction due to fungal ball formation, or progress to
candidemia, which increases the economic burden on
healthcare systems.

Our study has several limitations. First, the sample
size of 150 urine samples, although providing valuable
insights, may not fully represent the diversity of Candi-
da species and their antifungal resistance patterns in the
broader population. Second, the study was conducted
in a single geographic region, Thi-Qar Province, which
limits the generalizability of our findings to other re-
gions with different demographic and environmental
factors. Third, while phenotypic and molecular meth-
ods were used for identification and resistance testing,
some species of Candida may not have been detected
due to limitations in the diagnostic methods, particu-
larly for less common or atypical Candida species. Ad-
ditionally, the study focused primarily on the prevalence
of three virulence genes (ALS1, ALS3, and HWP1), but
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other important virulence factors were not included in
the analysis, potentially overlooking other pathogenic
mechanisms. Finally, the antimicrobial resistance test-
ing was performed using the disc diffusion method,
which may not be as precise as other techniques, such
as broth microdilution, for determining minimal in-
hibitory concentrations (MICs). Future studies should
address these limitations by including larger and more
diverse populations, exploring additional virulence
factors, and utilizing more advanced diagnostic tech-
niques.

Conclusions. The study highlights the prevalence
of antifungal resistance in Candida albicans, as well as
the high expression rates of virulence genes, reflecting
the high pathogenicity of this species. The study found
Candida albicans to be the most frequent Candida spe-
cies, with clinical isolates identified by germ tube test-
ing, Gram staining, chromogenic agar, and PCR. The
isolates exhibited significant resistance to all selected
antifungal agents. The frequency of ALS1, ALS3, and
HWPI1 genes among Candida albicans isolates was
found to be high, with HWP1 being the most commonly
detected gene and ALS3 the least prevalent.

Further molecular sequencing studies of ALS1 and
HWPI1 genes should be conducted to explore their po-
tential for identifying C. albicans isolates. Additionally,
gene expression studies of these virulence genes using
real-time PCR should be performed. Greater attention
should be paid to Candida in urine samples, and anti-
fungal treatment should not be overlooked, as infec-
tions can progress from acute to chronic forms, cause
ureteral obstruction, or lead to candidemia.
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Abstract. MicroRNAs (miRNAs) are crucial regulators of gene expression and have been
implicated in renal pathology. The glutathione peroxidase- 1 (GPX- 1) gene, particularly the
rs1050450 single nucleotide polymorphism (SNP), may modulate oxidative stress responses
in hemodialysis patients. This study examines the interplay between miRNA expression,
oxidative stress, and GPX- 1 genetic polymorphisms in hemodialysis patients.

Methods. A total of 60 hemodialysis patients and 40 healthy controls were recruited. Blood
samples were collected and analyzed for miRNA expression (miRNA-143, miRNA- 145,
miRNA-155, and miRNA-192) using RT-qPCR. GPX-1 rs1050450 polymorphism
was detected via conventional PCR and sequencing. Oxidative stress biomarkers,
malondialdehyde (MDA), and &-hydroxy-deoxyguanosine (8-OHDG) were measured
using ELISA. Statistical analyses included Pearson correlation and chi-square tests, with
significance set at p < 0.05.

Results. Hemodialysis patients exhibited significantly upregulated miRNA-143 (4.31-fold)
and miRNA-155 (1.79-fold) compared to controls (p = 0.04). miRNA-192 expression
was downregulated (0.27-fold), though not statistically significant (p = 0.12). Pearson
correlation analysis showed a significant positive correlation between oxidative stress
markers (§-OHDG, MDA) and miRNA- 145, miRNA-155, and miRNA-192 (p < 0.001).
Genetic analysis of GPX-1rs1050450 revealed CC, CT, and TT genotypes in hemodialysis
patients, with Hardy-Weinberg equilibrium maintained (p = 0.46 for patients, p = 0.8 for
controls).

Conclusions. The differential expression of miRNAs in hemodialysis patients suggests a role
in oxidative stress regulation and renal disease progression. Upregulation of miRNA- 143,
miRNA-145, and miRNA- 155 may contribute to inflammatory and fibrotic pathways, while
miRNA-192 downregulation may reflect altered renal function. The GPX-1 rs1050450
polymorphism may modulate oxidative stress responses in these patients. Further studies
are needed to explore the therapeutic potential of miRNA-based interventions in CKD
management.

Keywords: gene expression, microRNAs, hemodialysis, GPX- 1 gene, hemodialysis.
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Terad IMamnan!, Haram Xyaxaiip2, Map’sm 1. Caaman!

Excnpecia mikpoPHK Ta renetuunnii nojimopgizm GPX-1 y nanienris,
[Ki JIKYIOTbCSA METOJAOM IreMOiai3y: 3B’A130K 3 OKCHAATUBHIM CTPECOM
B PAaMKaX MOMEPEeYHOro A0C/IiIXKEHHS
IKadenpa 6iosorii, (hakyIsTeT IPUPOAHUYKX HAYK, YHiBepcuTeT AHGapa, Pamani, Au6ap, Ipak

ZKadeapa 6ioJiorii, egaroriyHmii Koaemk Iis XiHoK, yHiBepcuteT An6apa, Pamani, AnGap, Ipak

Pe3tome. MikpoPHK (miRNA) € karonosumu pecyasmopamu excnpecii eenie i gidiepaioms 6axcaugy poawv y po3eu-
mKy namoanoeiil Hupok. Ien eaymamionnepokcudasu-1 (GPX-1), 30kpema o0noHykaeomuouuii nonimopgizm rs1050450
(SNP), mosce modyaroeamu peakuii Ha OKUCAHOBANbHUI cpec Y nayieumia, aKi npoxodams eemodianiz. Ile docaidncen-
Hsl CNPSAMOBAHe HA BUBUEHHS 83AEMO036 A3KY Midc excnpecicto miRNA, pienem okcudamuenozo cmpecy ma noaimopgiz-
mamu eena GPX-1y nauienmis, axi aikyromocs memodom eemodianizy (I1).

Memoou. Y docaioxncenri 83saau yuacmo 60 I'/l nayicumie ma 40 300posux ocié (konmpoavra epyna). byao zioparno
3pasku kpogi ons ananizy excnpecii miRNA (miRNA- 143, miRNA- 145, miRNA-155 ma miRNA-192) memodom RT-
qPCR. Ionimopghizm rs1050450 y eeni GPX-1 eusnauanu 3a donomoeoro mpaduuitinoi IIJIP ma cexeenyeants. Pieenv
Mapkepie okcudamueHozo cmpecy, MaaoHoeo2o dianrvoeeidy (MI[A) ma 8-eidpokcu-deszoxcueyanosuny (§-OHDG), oui-
Hioeanu memodom IDPA. Cmamucmuunuii ananiz exarouas kopeaayiro Ilipcona ma y*-mecm, pigens snauyuocmi ecma-
HogaeHo Ha pigHi p < 0.05.

Pesyaomamu. Y Tl nauienmie cnocmepieanocs 3Haune niosuujenns excnpecii miRNA-143 (y 4,31 paza) ma
miRNA-155 (y 1,79 pasa) nopigusano 3 koumpoavhroto epynoro (p = 0,04). Excnpecis miRNA-192 6ynra 3uudicenoro
(0,27-kpammue 3meHuieHHs), npome ys pizHuys He o6yara cmamucmuuno sHauyworo (p = 0,12). Kopeasyiiinuii ananiz
Ilipcona eusnauue 3nauyuiy no3UMuUeHy acouiayito mixc pigHAMU MAPKepie OKCUOAMUBHO20 cmpecy ma eKchpecicio
miRNA- 145, miRNA-155 i miRNA-192 (p < 0,001). lenemuunuii ananiz rs1050450y GPX-1 éusigueé nasgnicme 2eno-
munie CC, CT ma TT ceped I/l nauiecumie, npuuomy pisnosaea Iapdi- Baiinbepea 36epiearacs (p = 0,46 0aa nayicumis,
p = 0,8 dns konmponro).

Bucnoexu. Hugpepenuiiina excnpecias miRNA y I/l nayienmis ceiouums npo ixnio poasv y peeyasyii okcuoamue-
Hoeo cmpecy. ITiosuwena excnpecis miRNA-143, miRNA-145 i miRNA-155 mooce cnpusmu akmugauyii 3anasbHux
i pibpomuunux wasxie, modi sk 3Huxcents piens miRNA-192 moxuce gidobpaxcamu nopyuwenns gynxyii nupok. Ilo-
aimopizm rs1050450 y GPX-1 moxce modyaroeamu peakuii Ha oxcudamuenuit cmpec y yux nayicumie. Ilodanvui
docnioxncenus HeobXiOHi 05 ouinku mepanesmuynozo nomenyianry miRNA-opienmosanux nioxodie y AikyeauHi xpo-
HI4HOI X60POOU HUPOK.

KirouoBi ciioBa: excnpecis eenie, mikpoPHK, eemodianiz, een GPX-1, eemodianis.

Introduction. Understanding kidney disease’s mo-
lecular causes improves diagnosis and treatment. Stabil-
ity and specificity make miRNA biomarkers. In hemo-
dialysis patients, the GPX-1 SNP rs1050450 influences
miRNA regulation and disease susceptibility. The CC
genotype at rs1050450, the Pro198Pro form of GPX-1,
is common in hemodialysis patients and healthy con-
trols, with low or no T allele (198Leu). Over 800 million
individuals worldwide suffer from CKD, a degenerative
illness that causes death and suffering in the 21st cen-
tury. CKD affects kidney shape and function [1]. Mem-
brane incompatibility and endotoxin exposure increase
oxidative damage during hemodialysis. Pro-oxidant and

Hetaf Shallal
het22s1004@uoanbar.edu.iq

antioxidant imbalances begin early in renal injury and
are especially prominent in dialysis patients [2]. Labo-
ratory tests employ serum creatinine and albuminuria
to estimate glomerular filtration rate (GFR) to diagnose
CKD. The KDIGO report defines CKD as kidney in-
jury (albuminuria) or impaired kidney function (GFR
< 60 mL/min/1.73 m2) lasting 3 months or more. CKD
is divided into five stages based on GFR levels. End-
stage kidney disease (ESKD) is stage 5, indicated by a
GFR < 15 mL/min/1.73 m? and necessitating dialysis
due to nephron destruction and functional loss. CKD
lowers GFR, reducing the kidneys’ ability to eliminate
metabolic waste and pollutants [3]. ESKD may expose
renal tubular epithelial cells to high quantities of xeno-
biotics, metabolic wastes, and nephrotoxins, which may
damage DNA due to inflammation and chronic illness.
ESKD can result from acute or chronic kidney failure
and renal replacement treatment [4]. By degrading or
blocking mRNA translation into proteins, miRNAs in-
fluence gene expression. They are essential for kidney
growth and function and cellular activities include dif-
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ferentiation, proliferation, development, and apoptosis
[5]. Alterations in miRNA expression are associated
with the initiation and progression of kidney illnesses
like diabetic nephropathy, renal malignancy, and renal
damage, suggesting they play a role in CKD [6]. Glu-
tathione peroxidase-1 (GPX-1), discovered in 1957 as
an enzyme in red blood cells that protects hemoglobin
from oxidative stress, needs selenium [7]. The GPX-1
gene on chromosome 3p21.31 encodes GPX-1, an en-
zyme with 1178 base pairs and two exons. GPX-1 is a
homotetramer with four identical subunits that are 208
amino acids and 22-23 kDa. The glutathione peroxi-
dase family’s GPX-1 converts hydrogen peroxide into
water, making it one of the most essential antioxidant
enzymes in humans [8]. Many tissues express GPX-1,
which protects cells from oxidative damage. Both the
cytoplasm and mitochondria contain it [9].

However, despite advancements in understanding
CKD and its complications, gaps remain in elucidat-
ing the molecular mechanisms underlying oxidative
stress in hemodialysis patients. While previous studies
have highlighted the role of miRNAs in renal pathology
and the impact of oxidative stress, limited research has
specifically explored the expression patterns of miR-
NAs (e.g., Mir-143, Mir-145, Mir-155, and Mir-192)
in hemodialysis patients. Furthermore, the clinical sig-
nificance of the GPX-1 SNP rs1050450 (Pro198Leu)
in modulating oxidative stress and influencing disease
susceptibility in this population remains underexplored.
This study addresses the gap by investigating the inter-
play between miRNA expression, oxidative stress, and
genetic polymorphisms in hemodialysis patients.

Materials and Methods. The study was approved
by the Ethical Committee of the University of Anbar
(Ref: 129, December 11, 2023).

Study population. The study included 60 patients
undergoing hemodialysis at the AL-Ramadi Hospi-
tal Hemodialysis Center, under the supervision of ne-
phrology specialists. Additionally, 40 healthy individu-
als without kidney disease were recruited as controls.
Blood samples were collected from all participants
between October 2023 and January 2024. Each partici-
pant completed a brief questionnaire covering demo-
graphic and clinical data, including age, height, weight,
BMI, treatment history, symptom duration, and other
relevant factors.

Inclusion criteria.

Patient Group:

Diagnosed with kidney failure and undergoing he-
modialysis at AL-Ramadi Hospital.

Under the care of nephrology specialists.

Age range: 40.17—67.81 years.

Control Group:

Individuals with no history of kidney disease.

Age range: 39.7—57.96 years.

Exclusion criteria.

Presence of other chronic diseases that could sig-
nificantly influence miRNA levels (e.g., cancer, auto-
immune diseases).

History of kidney transplantation.

Acute infections or inflammatory conditions at the
time of blood sample collection.

Blood sample collection and processing.

Each participant provided 5 mL of venous blood,
which was processed as follows:

miRNA analysis:

300 uL of whole blood was stored in Eppendorf
tubes containing 500 pL of TRIzol reagent and pre-
served at -20 °C for miRNA extraction.

Expression levels of miRNA-143, miRNA-145,
miRNA-155, and miRNA-192 were analyzed.

Genetic analysis:

2 mL of blood was collected in sterile EDTA tubes
and stored at -20 °C for genetic polymorphism analysis
of the GPX-1 gene (SNP rs1050450).

miRNA Expression Analysis via RT-qPCR

Total RNA, including miRNAs, was extracted us-
ing the TRIzol Reagent Protocol (TransGen, China).
Reverse transcription was performed using the Proto-
script® II Reverse Transcription System (NEB, Eng-
land) following the manufacturer’s guidelines.

Quantitative PCR (qPCR) was conducted using a
SYBR Green-based assay to measure DNA amplifica-
tion. Specific lyophilized primers for miRNA targets
were obtained from Macrogen (Korea) and prepared as
follows:

Stock solution (100 pmol/uL): Primers were re-
constituted in nuclease-free water.

Working solution (10 pmol/uL): Prepared by di-
luting 10 pL of stock solution in 90 pL of nuclease-free
water. Table 1 presents the primer sequences used for
RT-qPCR.

Table 1
Primer Sequences Used for RT-qPCR Analysis of miRNA Expression

Primer Name Primer Sequences Ref.
mirl43-RT | 5- GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACGAGCTA-3" [10]
mirl43-F 5'- CACGCATGAGATGAAGCACTG-3'

mirl43-R 5'-CCAGTGCAGGGTCCGAGGTA-3'

mirl45-RT | 5- GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAGGGAT-3" [11]
mirl45-F 5'-GTCCAGTTTTCCCAGGAATCC-3"

mirl45-R 5'-CAGTGCAGGGTCCGAGGTAT-3'
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Continuation of Table 1

Primer Name Primer Sequences Ref.
mirl55-RT | 5-GCGAGGCGGTGGCAGTGGAAGCGTGATTTATTCACCGCCTCGCACCCCTAT-3' [12]
mirl55-F 5'-CTCAGACTCGGTTAATGCTAATCGTGATAGG-3"

mirl55-R 5'-GCTGTGGCAGTGGAAGCGTGATTTATT-3'

mirl92-RT  [5'- GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGAGCCAACGGCTGT -3 [13]
mirl92-F 5'-CGGTCCTGACCTATGAATTG-3

mirl92-R 5'-GTGCAGGGTCCGAGGTATTC-3"

Realtime quantitative polymerase chain reaction
protocol. This project consists of two phases. In the
first phase, a Protoscript cDNA synthesis kit was used
to synthesise miRNA cDNA with primers for miR-
NA-143, -145, -155, and -192 (Table 1). The PCR
mixture was prepared by combining the components in
a sterile 1.5 mL microcentrifuge tube on ice, excluding
the cDNA sample. The cDNA mixture was then added
to the PCR mixture, resulting in a final reaction volume
of 29 uL. The mixture was incubated in a thermocycler
at 42 °C for 1 hour, followed by enzyme inactivation at
80 °C. The cDNA product was stored for relative quan-
titative PCR analysis after measurement using a Qubit
4.0 fluorometer.

In the second phase, patient and control cDNA
samples were processed simultaneously. Each sample
was tested in two PCR tubes: one for the target miR-
NAs (143, 145, 155, and 192) and one for U6 snRNA,
the housekeeping gene. The Luna® Universal QPCR
Master Mix (M3003S) (NEB, England) was used to
quantify sample expression levels based on fluorescence
intensity. Gene expression levels of miRNA-143, miR-
NA-145, miRNA-155, and miRNA-192 were quanti-

fied using the comparative Ct method. U6 was used as
the housekeeping gene (HKG) for normalization. The
relative expression levels of the miRNAs were calcu-
lated using the formula 2"-ACt, where ACt represents
the difference between the mean Ct of the gene of in-
terest (GOI) and the mean Ct of the housekeeping gene
(HKG).

Molecular detection of the GPX-1 gene rs1050450
by conventional PCR and sequencing. Genomic DNA
was extracted using the EasyPure Genomic DNA Kit
(with RNase A) from TransGen (China). Following
extraction, DNA fragments were confirmed by elec-
trophoresis, verifying their presence and integrity. The
GPX-1 gene rs1050450 polymorphism was detected
using conventional PCR and sequencing. The primers
were designed by the author and obtained as Iyophilised
primers from Macrogen. To prepare the working prim-
er solution, 10 pL of the stock primer was diluted with
90 pL of nuclease-free water. Each lyophilised primer
was dissolved according to the manufacturer’s instruc-
tions (Macrogen, Korea) in an appropriate volume of
nuclease-free water. Stock and diluted primer solutions
were stored at -20 °C until use, as shown in Table 2.

Table 2
Primer sequences for detecting the GPX-1 gene rs1050450
SNP Primer Sequences Reference
GPX-1rs1050450 F 5’-AGAGATTCTGAATTCCCTCAA-3’ New Synthesis
GPX-11s1050450 R 5’-CGAGGTGGTATTTTCTGTAAG-3’ New Synthesis

Following DNA extraction from the patient and
control groups, GPX-1 was amplified with a fresh prim-
er set to produce a 471 bp fragment for sequencing. A
25 uL PCR mixture included 12.5 pL OneTaq® Master

Mix (NEB, England), 4 pL DNA sample, 1 pL prim-
ers, and 6.5 pL nuclease-free water Response followed
optimal PCR conditions (Table 3).

Table 3
PCR conditions for amplification of GPX-1 gene
Cycle Step Temperature Time Cycles

Initial Denaturation 95°C 3 Minutes 1

Denaturation 95°C 30 Seconds

Annealing 51°C 45 Seconds 30

Extension 68°C 30 Seconds |

Final Extension 68°C 5 Minutes
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At Macrogen, Korea, Sanger sequencing was used
to detect single nucleotide polymorphisms in over 20
puL of PCR output from each sample. Geneious Prime
matched the sequences to GPX-1 (NG-051308). This
molecular technique is widely applied in the medical
field, it is used to diagnose urinary tract disorders [16-
18], In addition, polymerase chain reaction (PCR) has
been utilized to research the functions that enzymes play
in the interactions between cancer cells in vivo [19, 20],
to investigate mutations in gastric cancer [21], and to
evaluate the levels of gene expression of biomarkers in a
variety of disorders [22, 23]. Furthermore, the molecu-
lar techniques have also been used to investigate meta-

bolic reprogramming of small nuclear RNA as a breast
cancer therapeutic target [24], quantify mitochondrial
DNA for blastocyst transfer potential [25], and use
miRNA-126 as a cancer stem cell biomarker [26].

Measurement of oxidative stress markers. The mea-
surement of malondialdehyde (MDA) and 8-hydroxy-
deoxyguanosine (8-OHDG) was conducted according
to standardized procedures, as summarized in Tables 4
and 5.

The standards were diluted in small tubes before
pipetting 50 puL from each dilution into the correspond-
ing microplate wells. Each standard dilution was tested
in duplicate, requiring a total of ten wells.

Table 4
Standard dilution for malondialdehyde (MDA)
Concentration Standard No. Preparation Method
360 ng/mL 1 300 uL Original Standard + 150 pL Standard Diluent
240 ng/mL 2 300 uL Standard No.1 + 150 pL Standard Diluent
120 ng/mL 3 150 pL Standard No.2 + 150 pL Standard Diluent
60 ng/mL 4 150 pL Standard No.3 + 150 pL Standard Diluent
30 ng/mL 5 150 pL Standard No.4 + 150 pL Standard Diluent
Table 5
Standard dilution for 8-hydroxy-deoxyguanosine (8-OHDG)
Concentration Standard No. Preparation Method
2400 pg/mL 1 300 pL Original Standard + 150 pL Standard Diluent
1600 pg/mL 2 300 pL Standard No.1 + 150 pL Standard Diluent
800 pg/mL 3 150 pL Standard No.2 + 150 pL Standard Diluent
400 pg/mL 4 150 pL Standard No.3 + 150 pL Standard Diluent
200 pg/mL 5 150 puL Standard No.4 + 150 pL Standard Diluent
ELISA procedure: 6. Second Incubation: The plate was incubated again

1. Sample Preparation: In the microplate strip wells,
one well was left empty as a blank control. In the
sample wells, 40 pL of sample dilution buffer and
10 uL of the sample were added (dilution factor: 5).
The samples were carefully loaded onto the bottom
of the wells without touching the walls and mixed
gently.

2. Incubation: The plate was sealed with a closure
membrane and incubated at 37°C for 30 minutes.

3. Washing Buffer Preparation: The concentrated
washing buffer was diluted with distilled water (30-
fold for 96T plates and 20-fold for 48T plates).

4. Washing Procedure: The closure membrane was
removed, and the wells were aspirated and refilled
with the wash solution. After a 30-second resting
period, the solution was discarded. This washing
step was repeated five times.

5. HRP-Conjugate Addition: 50 pL of HRP-
conjugate reagent was added to each well, except
the blank control.

at 37°C for 30 minutes, as described in Step 2.

7. Second Washing Step: The washing process was
repeated as described in Step 4.

8. Color Development: 50 pL of Chromogen Solution
A and 50 pL of Chromogen Solution B were added
to each well. The plate was gently shaken and
incubated at 37°C for 15 minutes in the dark to
prevent light interference.

9. Reaction Termination: 50 uL of stop solution was
added to each well, causing the color to change
from blue to yellow.

10. Optical Density (OD) Measurement: The
absorbance was read at 450 nm using a microplate
reader. The OD value of the blank control well
was set to zero. The assay was completed within 15
minutes after adding the stop solution (Sunlong,
China).

Statistical analysis. Statistical analyses were per-
formed using SPSS version 20. In addition to Pearson
correlation analysis to examine the association between
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biochemical variables and miRNA expression, geno-
type distribution and allele frequencies were assessed
using the chi-square test. Hardy-Weinberg equilibrium
was tested, with p-values < 0.05 considered statistically
significant.

Results. Gene expression of miRNAs. The house-
keeping gene (U6) was assessed in both patients (30
samples) and controls (15 samples) after the correct

primer was bound to the appropriate target microR-
NAs (miRNA-143, -145, -155, and -192) at the opti-
mal temperature. The results showed that, in this study,
patients had 4.31 times more miRNA-143, 1.79 times
more miRNA-145, and 2.27 times more miRNA-155
compared to controls. Table 6 indicates that patients
downregulated miRNA-192 by 0.27-fold relative to
controls.

Table 6
Fold change in gene expression for miRNA-143, miRNA-145, miRNA-155, and miRNA-192
. 2*-Ct Fold Change
G Mean Ceof | Mean Ct of I_!KG ACt (GOI Relatnie Patients in Expression
Toups Gene GOI (Gene | (Housekeeping - HKG) Expression /27 Ct (Patients vs P-value
of Interest) Gene) (2"-Ct) Controls Controls)
Patients | miRNA-143 29.76 20.54 9.22 0.00168 0.00240 / 4.31 0.04
0.00097
0.00039 /
Controls 29.49 18.17 11.32 0.00039 0.00039 1.00
Patients |miRNA-145 | 31.66 20.57 1109 | 0000459 | 00085971 59 0.92
0.000821
0.000821 /
Controls 28.36 18.11 10.25 0.000821 0.000821 1.00
Patients | miRNA-155 17.25 20.54 -3.29 9.79 9.79/4.32 2.27 0.04
Controls 16.06 18.17 -2.11 4.32 4.32/4.32 1.00
Patients | miRNA-192 32.22 21.50 10.73 0.00059 0.00059 / 0.27 0.12
’ ’ ’ ’ 0.002176 ) ’
0.002176 /
Controls 27.43 18.58 8.84 0.002176 0.002176 1.00

Relationship among miRNAs with products of oxi-
dative stress. The Pearson correlation test was used to
compare the mean ACt values of the four miRNAs of
interest with two oxidative stress indicators (§-OHDG
and MDA). The results showed that:

® §8-OHDG and MDA were positively correlated
(p<0.001) with miRNA-145 and miRNA-192 (r =
0.705,r=0.639, r = 0.586, r = 0.589).

® miRNA-155 was positively correlated with
8-OHDG and MDA (p = 0.023, r = 0.414; p =
0.018, r=0.428).
® miRNA-143 had a small, non-significant positive
correlation with 8-OHDG and MDA (p =0.131, r
=0.282; p=0.137,r=0.278).
Genetic polymorphisms of the GPX-1 gene. Figure
1 presents the 471-bp gel electrophoresis band for the
GPX-1rs1050450 SNP identified by conventional PCR.

T e T

Gene
Product Size

(]
a71bp

Fig. 1. Gel Electrophoresis of GPX-1 rs1050450 SNP. Agarose gel electrophoresis (1%) of the 471-bp GPX-1 rs1050450
amplicon from patient and control groups. The gel was run in 1X TAE buffer at 100V for 1 hour and stained with red stain. A
100-bp DNA ladder was used as a marker.

The analysis revealed that hemodialysis patients
exhibited CC, CT, and TT genotypes. The distribution
of these genotypes in patients and controls was consis-

tent with Hardy-Weinberg equilibrium (P = 0.46 for
patients, P = 0.8 for controls), indicating genetic stabil-
ity in the population (Table 7).
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Table 7
Genotypes of GPX-1rs1050450 and allele frequencies in patients and controls
GPX-1 Genotyping Patients Controls
Observed (%) Expected (%) Observed (%) Expected (%)
cC 33 (68.75) 32 (66.7) 23 (76.7) 23.41 (78.0)
CT 12 (25.00) 15 (31.22) 7(23.3) 6.2 (20.7)
TT 3(6.25) 1(2.08) 0 (00.0) 0.3(1.3)
Total 78 (100.0) 78 (100.0) 30 (100.0) 30 (100.0)
p-HWE P=10.46 P=0.8

Discussion. MiRNAs contribute to fibrosis in vari-
ous organs [27], including renal fibrosis, which has been
extensively studied. Certain miRNAs induce mRNA
degradation and/or inhibit protein translation, playing
a role in kidney pathophysiology, including inflamma-
tion, nephritic syndrome, renal fibrosis, lupus nephritis
(LN), and cancer [28, 29].

The miR-143/145 cluster is now recognized as
multifunctional. MiRNAs 143 and 145 inhibit cancer
progression by promoting cell death, cell cycle regu-
lation, and apoptosis [30]. In this study, renal failure
patients exhibited a 4.31-fold higher expression of
miRNA-143 than controls. MiRNA-143 is essential for
cell growth, differentiation, and apoptosis, and its up-
regulation is associated with the progression of chronic
kidney disease (CKD) and renal failure, which are driv-
en by fibrosis and inflammation [31]. Similarly, miR-
NA-145 expression was 1.79 times higher in patients
than in controls, consistent with findings by Brignat et
al. (2017), who reported elevated miRNA-145 levels in
CKD patients compared to healthy individuals [32].
Hemodialysis patients have also been shown to overex-
press miRNA-145 compared to healthy controls [33].

MiRNA-155, encoded by the MIR155 host gene,
is involved in various physiological and pathological
processes, including cancer, viral infections, and car-
diovascular diseases. It plays a crucial role in hemato-
poiesis, immunity, and inflammation [34]. Hypoxia-
induced overexpression of miRNA-155 in proximal tu-
bule cells contributes to renal fibrosis while increasing
evidence links miRNA-155 to hematopoiesis, inflam-
mation, and immunological responses. Renal failure
patients demonstrate increased miRNA-155 expres-
sion, which correlates with inflammatory responses and
immune regulation. IL-6 and hs-CRP levels are signifi-
cantly elevated in the serum of uremic dialysis patients
expressing miRNA-155 [35].

MiRNA-192 regulates differentiation, prolif-
eration, apoptosis, epithelial-mesenchymal transition
(EMT), angiogenesis, metabolism, inflammation, oxi-
dative stress, and drug resistance by affecting mRNA
degradation and protein translation [36, 37]. In this
study, patients exhibited a 0.27-fold lower expression of
miRNA-192 than controls. The kidneys express miR-
NA-192, which regulates renal function and structural
genes, such as E-cadherin. In CKD mouse models,

miRNA-192 downregulation promotes fibrosis and re-
duces renal function, as profibrotic and proinflamma-
tory genes become upregulated [38].

The differential expression of miRNA-143, miR-
NA-145, miRNA-155, and miRNA-192 in renal failure
patients compared to controls suggests their role in dis-
ease pathogenesis. The overexpression of miRNA-143,
miRNA-145, and miRNA-155 in patients may indicate
their involvement in renal failure progression through
inflammation, fibrosis, or apoptosis [39]. Conversely,
the downregulation of miRNA-192 in patients may
serve a protective or regulatory function in renal pa-
thology [38]. These findings underscore the complexity
of miRNA dysregulation in renal failure and highlight
the need for further research to elucidate the underlying
mechanisms.

A significant moderate positive correlation
(p<0.001) was observed between miRNA-145, miR-
NA-192, 8-OHDG, and MDA, indicating their essen-
tial role in oxidative stress responses. The overexpres-
sion of protective miRNAs may have therapeutic poten-
tial in chronic kidney disease, where oxidative damage
is a key contributor [40]. Although miRNA-155 showed
a moderate correlation with oxidative stress markers,
miRNA-143 did not exhibit a significant association
with oxidative stress indicators (r=0.282 for 8-OHDG,
r=0.278 for MDA) [41, 42]. However, miRNA-143
may influence renal vascular disease by affecting vas-
cular smooth muscle cell proliferation and apoptosis.
The lack of correlation with oxidative stress remains
unexplored. Further research is necessary to determine
whether this is due to miRNA-143’s role in fibrosis or
apoptosis, which may be unrelated to oxidative stress,
or if other factors influence its expression [43, 44].

The moderate positive correlation between miR-
NA-155 and both oxidative stress markers (r=0.414
for 8-OHDG; r=0.428 for MDA) suggests that miR-
NA-155 may contribute to renal injury via inflamma-
tion. MiRNA-155 is associated with kidney disease,
macrophage activation, and cytokine production [45].

Hardy-Weinberg equilibrium (HWE) analysis
confirmed that genotype frequencies in both patient
and control groups align with HWE expectations, sug-
gesting genetic stability. The CC genotype was more
prevalent in the control group (76.7%) than in the
patient group (68.75%), while the CT genotype was
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slightly more frequent in patients (25.00%) compared
to controls (23.3%). The TT genotype was absent in
controls but detected in 6.25% of patients. Both groups
had more C alleles than T alleles, with the control group
exhibiting a higher frequency of the C allele [46].

These findings suggest that GPX-1 Prol98Pro
(CC genotype at rs1050450) is the predominant vari-
ant, which is associated with normal GPX-1 activity.
Since all participants—both patients and controls—car-
ry this genotype [46], differences in oxidative stress are
unlikely due to SNP variations. Instead, genetic, envi-
ronmental, or disease-specific factors may contribute to
the increased oxidative stress observed in hemodialysis
patients [47].

The absence of CT and TT genotypes in some
hemodialysis patients and controls suggests that the
T allele (198Leu) is rare in this population. Genotype
distribution is significantly influenced by population
genetics. According to HWE principles, genotype fre-
quencies remain constant unless affected by natural
selection, genetic drift, gene flow, or mutations. The
low frequency of the CT and TT genotypes in this study
sample may be due to population-specific allele distri-
butions [48].

Previous research indicates that the T allele is as-
sociated with reduced GPX-1 activity and increased
oxidative stress. However, because the CC genotype
(Pro198Pro) is predominant in this study, GPX-1 en-
zyme activity remains stable, offering protection against
oxidative stress [49].

Despite this, hemodialysis patients still exhibit
elevated oxidative stress levels, likely due to uremic
conditions and treatment-related factors. Additional
contributors may include reduced antioxidant levels,
increased ROS production, or impaired antioxidant
defense mechanisms [50]. Given the high oxidative
stress levels observed in hemodialysis patients without
SNP polymorphisms, other factors must be responsible.
This underscores the complex nature of oxidative stress
regulation and the need for comprehensive genetic, en-

References:

vironmental, and biochemical investigations in hemo-
dialysis patients [50].

This study has several limitations. First, the small
sample size may have influenced the results. Second,
the study focused solely on patients from Ramadi,
limiting the generalizability of the findings; future re-
search should include diverse populations. Third, while
real-time PCR was used for gene expression analysis,
incorporating conventional PCR, electrophoresis, and
sequencing could provide additional insights into the
effects of GPX-1 SNP rs1050450 in hemodialysis pa-
tients. Finally, this study did not investigate immuno-
logical changes in hemodialysis patients, which could
be explored in future research.

Conclusion. Hemodialysis patients exhibited
significantly higher overexpression of miRNA-143,
miRNA-145, and miRNA-155 compared to healthy
controls. The downregulation of miRNA-192 in pa-
tients suggests its potential role in renal function modi-
fication. Additionally, hemodialysis patients without
the rs1050450 mutation experienced elevated oxida-
tive stress. The overexpression of miRNA-143, miR-
NA-145, and miRNA-155 in renal failure patients in-
dicates their potential as diagnostic biomarkers. Their
high expression levels may facilitate non-invasive mon-
itoring of disease progression and therapeutic respons-
es. A deeper understanding of the roles of miRNA-143,
miRNA-145, miRNA-155, and miRNA-192 in renal
failure could pave the way for personalized treatment
approaches.
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Abstract. Acute kidney injury (AKI) is a clinical syndrome characterized by a rapid decline
in kidney function and represents a serious threat to human health. One of the most common
causes of AKI is endotoxemia or sepsis, triggered by the hyperactivation of the immune
system in response to gram-negative bacterial infections. The pathogenesis of AKI is highly
complex and not yet fully understood. The present study aimed to investigate histostructural
changes in kidney tissue using a model of inflammation induced by lipopolysaccharide
(LPS), a key component of the outer membrane of gram-negative bacteria.

Methods. Systemic endotoxemia was induced in mice by intraperitoneal injection of LPS
(E. coli O111:B4, Sigma, USA) at a dose of 3 mg/kg body weight. Control animals received
saline injections. After 24 hours, the animals were anesthetized with ether, and kidney tissue
samples were collected for analysis. For histological evaluation, kidney tissue specimens
were fixed in 10% neutral formalin, processed using standard histological techniques,
embedded in paraffin, sectioned, stained with hematoxylin-eosin, and examined under a
light microscope.

Results. LPS injection resulted in pronounced neutrophilia in the blood leukogram: the
percentage of rod-shaped neutrophils increased 3.6-fold while the percentage of segmented
neutrophils increased 2.7-fold (p < 0.05), which indicates systemic inflammatory response.
Significant histostructural damage to kidney tissue was detected under these conditions.
Dystrophic and necrotic changes were observed in Bowman’s capsules. Circulatory
disturbances were evident, with morphological alterations in all layers of the vascular walls
and destruction of the epithelium in the proximal and distal convoluted tubules.
Conclusions. The findings indicate that systemic inflammation induced by LPS leads to
substantial morphological alterations in kidney tissue. These changes include circulatory
disturbances, structural damage to vascular glomeruli, and epithelial injury in the proximal
and distal convoluted tubules. The observed damage results in a reduction in the number of
functioning nephrons, which may contribute to the progression of kidney failure.

Key words: lipopolysaccharides, endotoxemia, acute kidney injury, mice, histological
techniques.
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B.M. Anroniok!, C.1. ITasnosny!, B.B. Ixkypan2, O.A. Konapanpka!, P.I. SIngiiil

I'icTocTpyKTypHi 3MiHM TKAHMHM HUPOK 32 YMOB €KCIIEPMMEHTAIbHOL
e€HI0TOKCeMil

TacTutyT dizionorii im. O.0. boromonbusa, HAHY, Kuis, Ykpaina
2HaujioHanbHUii yHiBepcUTET 0XOpoHU 310poB’s Ykpainu [1.J1. Illynuka, Kuis, Ykpaina

Pestome. Bemyn. Tocmpe nowkoodxucenns nupok (I'TIH) — ue kaiHiuHuii cunopom, AKui Xapakmepuzyemscs
CMPUMKUM NOPYULEHHAM HUPKO0BOI (DyHKUII i 16459€ c000I0 cepilo3Hy 3aepo3y 045 300pos’s atodunu. O0Hiero 3 HallOinbul
NOWUPEeHUX NPUYUH 1020 BUHUKHEHHS € eHOOMOKCceMis ado cencuc, iH0yK08aHi 2inepakmueayieto iMyHHOI cucmemu epam
HeeamuHumu 6axmepiamu. Ilamoeenes I'll H nadzeéuuaiino ckaadHnulli ma Hedocmamuvo sueyeHuil. Memoro npedcmas-
JneHoi pobomu 6y10 docaidumu 2icmocmpyKmypHi 3MiHU MKAHUHU HUPOK HA MoO0eAai 3ananelHs, iHOyKo8aHo20 Ainonoi-
caxapudom (JII1C) — komnonenmom memopanu epam-veeamueHux 6aKmepii.

Memoou. CucmemHy enoomokcemito Mo0eao8aiu 3a 00NOM020l0 6HympiuiHboouepeaunHozo eeedennsa JIIIC (E.
coli 0111:B4, Sigma, USA) 6 003i 3 me/ke macu muwii. KoHmpoavHum meapunam 6600uiu ¢hizionoeiunuil pozuun. Yepes
24 200 meapun niodasanu epipHomy HApKo3y i 8UAYHAAU Mamepian 045 00caionceHb. Jlns eicmonoeiuHoi OyiHKU wma-
mouxku mxarnuru Hupox gixcysanu 10% neiimpanvrum Gopmaninom, nomim o6pooAsAY 3a 302AAbHONPUHHAMON 2ICMO-
N02IYHOI MemoOuKoio i 3aaueanu y napagiun. 3pizu 3a6apenoeant eeMamokCuiin-eo3uHoOM i aHaANi3y8anu nio ceimaoeum
MIKPOCKONOM.

Pezyavmamu. Beedenns JITIC npuzeoduno do eupaxceroi neiimpoghinii é aeiikoepami Kposi: 8i0cOMoK nasu4Kos -
Odeprux Heiimpodinie 30invuiysascsy 3,6 pasu, a ceemenmosdepnux —y 2,7 pazu (p < 0,05), wio céiduums npo cucmemmy
3ananvry 8ionosids. 3a yux ymoe 8Us6AeHO 3HAUHI 2ICIOCMPYKMYPHI NOWKO00XCeHHs mKaHuHu HUupok. Cnocmepieaiucs
ducmpogiuni ma HexkpomuuHi 3minu 6 kancyrax boymena. Busensinoce nopyuieHus Kpoeoobicy 3 MopgoaoeiuHumu 3mi-
Hamu 6Cix wapie cyOuHHUX CMIHOK ma 0ecmpyKuicio enimeniio nPoKCUMANbHUX Ma OUCMANbHUX 36UBUCMUX KAHANbYIG.

Bucnoexu. Ananiz ompumanux oanux ceiouums npo me, w0 3a yM08 CUCEMHO20 3aNdAbH020 Npoyecy, iHdyKosa-
Hoeo JITIC, éidbysarombcs 3Ha4Hi MOPQON02IMHI 3MIHU MKAHUHU HUPOK, AKI GKAIOUAIOMb NOPYUIEHHS KP0B000Di2y 3 8U-
DadsCeHUM NOUKOONCEHHAM 2iCmMOCMPYKmypu cyOUHHUX KAY00uKie ma enimenis npoKCUMANbHUX | OUCMANbHUX 36UBUC-
mux Kanaavyie, ujo eede 00 3MeHUeHHs PiGHA MAcU Oitouux HepoHie ma 6 nodasbuoMy Modice npu3eecmi 00 HUPKOBOi

HedocmamHuocmi.

KmouoBi ciioBa: ainononicaxapudu, endomorxcemis, 20cmpe ypajiceHHs HUPOK, MUuli, 2icmonoeiuii Memoou.

Introduction. The kidneys function to remove
waste products and toxins from the bloodstream (ap-
proximately 20—25% of cardiac output) and maintain
fluid and electrolyte homeostasis. Additionally, the
kidneys play a crucial role in regulating blood pressure
and hormone secretion. Toxic damage and ischemia
of the kidneys lead to structural and functional disrup-
tions [1]. In particular, toxic effects on the kidneys can
result from urinary tract infections (UTIs), which, in
the vast majority of cases, are caused by uropathogenic
Escherichia coli (E. coli) [2-4]. According to bacterio-
logical studies, FE. coli is responsible for approximately
70—80% of UTIs [5-9]. The presence of pathogenic mi-
croorganisms can trigger systemic inflammation. Under
these conditions, macrophage infiltration into kidney
tissue occurs, pro-inflammatory mediator expression
is activated, and oxidative stress develops, potentially
leading to acute kidney injury (AKI) [10-12].

Vitaliy Antoniuk:
v_antonyuk22@ukr.net

AKI is a common clinical complication associated
with increased morbidity and mortality [13]. In clinical
practice, AKI is defined as a rapid decline in kidney func-
tion, impairing the ability to maintain water-electrolyte
and acid-base balance. It is characterized by a sudden
decrease in the glomerular filtration rate, resulting in the
retention of creatinine, urea, and other metabolic waste
products, along with impaired excretion. Additionally,
AKI leads to reduced urine output (oliguria) and in-
creased concentrations of potassium and phosphate in
the body, which contribute to serious complications [14].

AKI induced by bacterial endotoxins is a syndrome
of systemic inflammation that not only affects the kid-
neys but can also lead to multiple organ failure [15].
During the early excessive inflammatory response trig-
gered by endotoxins in the bloodstream, T cells, B cells,
and dendritic cells become severely depleted, leading to
immune suppression. As a result, immunosuppression
develops, which is one of the primary causes of high
mortality in affected patients [16].

Significant attention has been given to studying the
mechanisms underlying renal inflammation. However,
investigations into the morphological changes in the
kidneys associated with endotoxins from gram-negative
bacteria remain limited.
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The present study aimed to investigate histostruc-
tural changes in kidney tissue using a lipopolysaccha-
ride (LPS)-induced model of experimental acute kid-
ney injury associated with endotoxemia.

Materials and methods. The study protocol
was reviewed and approved by the Biomedical Ethics
Committee of the Bohomolets Institute of Physiology,
NASU, Kyiv (Protocol No. 1/25, dated 08.01.2025).

The study was conducted using Albino mice
(weighing 18—22 g), housed under standard conditions
in the vivarium of the Bohomolets Institute of Physi-
ology, National Academy of Sciences of Ukraine. All
procedures followed the International Principles of the
European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific
Purposes (Strasbourg, 1986), the EU Council Direc-
tive 2010/63/EU on the Protection of Animals Used
for Scientific Purposes (22.09.2010), and the Law of
Ukraine “On the Protection of Animals from Cruelty”
(No. 3447-1V, 21.02.20006).

The use of LPS is a well-established model for
studying both systemic and organ-specific immune-
induced processes. However, variations in species and
strains of laboratory animals, as well as differences in
LPS preparations from various Escherichia coli sero-
types, can lead to differing responses to endotoxin ex-
posure [17]. In this study, female mice were maintained
in a temperature-controlled room (22+2°C) under a
12-hour light/dark cycle and provided with a certified
rodent diet, along with ad libitum access to filtered wa-
ter. The mice were randomly assigned into two groups
(9 mice per group):
® Experimental group: received intraperitoneal

injections of LPS (3 mg/kg body weight; E. coli

O111:B4, Sigma, St. Louis, MO, USA).
® Control group: received intraperitoneal injections

of an equivalent volume of saline.

After 24 hours, the animals were anesthetized with
ether, and kidney tissue samples were collected for his-
tological analysis. Blood leukogram changes were also
recorded at this time.

For histological examination, kidney tissue sec-
tions were fixed in 10% neutral formalin, processed us-
ing standard histological techniques, and embedded in
paraffin [18]. Sections were stained with hematoxylin-
eosin [19] and examined under a light microscope.

Statistical Analysis. Statistical analysis was per-
formed using GraphPad Prism version 5.00 for Win-
dows (GraphPad Software, San Diego, CA, USA).
The Kolmogorov-Smirnov test confirmed that all data
followed a normal distribution. Results were expressed
as mean = SEM. Group comparisons were conducted
using Student’s t-test, with P < 0.05 considered statisti-
cally significant.

Results. The blood leukogram revealed that the
percentage of rod-shaped neutrophils increased 3.6-
fold (from 5.3%£1.5% in the control group to 19.1+1.9%
in the LPS group, p < 0.05), while the percentage
of segmented neutrophils increased 2.7-fold (from

14.0£2.2% in the control group to 37.6x3.7% in the
LPS group, p < 0.05). This indicated significant neu-
trophilia with a left shift in the leukogram, a hallmark
of a systemic inflammatory response.

Histological examination of kidney tissue from
control mice revealed no morphological abnormali-
ties. Bowman’s capsules retained a regular shape and
contained vascular glomeruli, with capillary loops ar-
ranged in freely positioned spherical structures. The
blood supply was consistent and moderate. The tubu-
lar basement membranes were well-defined. The epi-
thelial cells of the proximal convoluted tubules were
cuboidal or columnar, with spherical nuclei and eosin-
ophilic cytoplasm. The lumens of the proximal tubules
were minimal. In contrast, the distal tubules exhibited
significantly enlarged lumens, which appeared empty

‘é*"-?.’a

Fig. 1. Micrograph of a section of kidney tissue in the control.
Staining with hematoxylin and eosin. Objective lens 40,
Ocular lens 10. (A): The histological structure of the kidney is
preserved. Bowman’s capsules, renal glomeruli, and tubules
are not changed. (B): The distal tubules have a significant
Iumen, which is free of content.

Histological examination of kidney tissue under
conditions of LPS-induced inflammation revealed mor-
phological changes in both the Bowman’s capsules and
the proximal and distal tubules. The Bowman’s capsules
were reduced in size, with vascular glomeruli occupying
nearly the entire volume of the capsule. Some glom-
eruli were compressed against one edge of the capsule.
In the central zone of the glomerular lobule, the num-
ber of nuclei was reduced. Additionally, some Bow-
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man’s capsules contained glomeruli that had become
a homogeneous mass with separate nuclei, showing
signs of dystrophic and necrotic changes. Erythrocytes
were detected in the cavity of some Bowman’s capsules
(Fig. 2A).

— g,.# 5 -
-

Fig. 2. Micrograph of a kidney tissue section under LPS-
induced inflammation conditions. Staining with hematoxylin
and eosin. Objective lens 40x, ocular lens 10x. (A): Bowman’s
capsules are reduced, glomeruli are deformed and compressed

to one edge; some glomeruli have transformed into a
homogeneous mass with dystrophic and necrotic nuclei.
Some proximal tubules have no lumen. (B): Distal tubules
are severely dilated, with signs of epithelial destruction and
desquamation, along with hyperchromatic nuclei.

Significant changes also occurred in the capillary
network of the kidneys. In some areas of the kidneys,
there were areas where the proximal tubules had no
lumen at all or were filled with eosinophilic content.
Near the Bowman’s capsules, as a result of blood stasis
in the afferent vessels, areas with an accumulation of
a small number of erythrocytes were observed. A sig-
nificant number of epithelial cells were marked by in-
tensely stained cytoplasm with signs of granular dystro-
phy. Expansion of the distal tubules was observed, while
the cells of the epithelial layer were flattened with signs
of destruction. Areas with desquamation of epithelium
were noted. In addition, the nuclei of both proximal
and distal tubules often acquired an irregular shape and
became hyperchromic (see Fig. 2B).

Discussion. Although AKI induced by endotox-
emia is a well-studied phenomenon, this study provides
detailed histological insights into kidney tissue dam-

age caused by LPS, specifically highlighting structural
alterations in Bowman’s capsules, vascular walls, and
renal tubules. Using LPS as a model for AKI gives im-
portant insights into how inflammation affects kidney
structure, which can help guide future studies on the
cellular and molecular mechanisms behind endotox-
emia-induced AKI.

Our results are consistent with those of other
studies [20, 21], which show that renal tubular epithe-
lial cell injury and vascular dysfunction are key fac-
tors in the development of AKI [22]. One mechanism
of cell damage is mitochondrial dysfunction, which
leads to the disruption of energy metabolism and ulti-
mately results in cell death [23]. Damaged mitochon-
dria contribute to the accumulation of reactive oxy-
gen species and the development of oxidative stress
[24]. We have previously shown that the injection of
LPS into mice results in a pronounced inflammatory
response. This includes an increase in the functional
and metabolic activity of immune cells, activation of
nonspecific resistance cells, and enhanced ROS gen-
eration, which causes significant DNA damage in the
thymus and lymph node cells. Excessive DNA dam-
age promotes genotoxic stress and immune cell death
through a pro-inflammatory and immunogenic ne-
crotic pathway [25]. In the liver of mice under these
conditions, a significant increase in the content of
TBA-reactive products was detected, with malondial-
dehyde comprising the overwhelming majority. This
compound serves as a marker of oxidative stress and
cellular damage. In addition, a disruption of the an-
tioxidant system was observed [26]. These endotoxin-
induced changes may be important factors in the de-
velopment of AKI.

Our previous report have shown that the use of
an HMGBI1 inhibitor (ammonium glycyrrhizinate)
reduced the necrosis of thymus and lymph node cells
and contributed to the attenuation of LPS-induced in-
flammation [28]. HMGBI inhibition also reduced the
metabolic activity of neutrophils, the accumulation of
reactive oxygen species, and the development of oxida-
tive stress, while improving the state of antioxidant pro-
tection. The data obtained regarding the morphological
manifestations of AKI under conditions of endotox-
emia, along with the results of previous investigations,
are planned to serve as a basis for further experimental
studies aimed at clarifying the molecular and cellular
mechanisms involved in the development of AKI in the
context of endotoxemia.

Our study has several limitations. First, the re-
search was conducted in a murine model, and al-
though mice are a widely used model for studying hu-
man diseases, further studies in larger animal models
or human-derived tissues would help confirm the rel-
evance of these findings. Second, the study primarily
focused on histological analysis and did not explore
the underlying molecular mechanisms, which could
provide a deeper understanding of the pathophysiol-
ogy of AKI. Third, the study was conducted over 24
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hours, and longer follow-up studies would be neces-
sary to assess the full progression and potential long-
term effects of endotoxemia on kidney function. Fu-
ture studies addressing these limitations will be essen-
tial to further elucidate the mechanisms of AKI in the
context of endotoxemia.

Conclusions. The results obtained indicate that
under conditions of a systemic inflammatory process
induced by LPS, significant morphological changes oc-
cur in the kidney tissue. These changes include circula-
tory disorders with pronounced damage to the histos-
tructure of the vascular glomeruli and the epithelium of
the proximal and distal convoluted tubules, leading to a
decrease in the mass of functioning nephrons. One po-
tential cause of kidney tissue damage may be the devel-
opment of oxidative stress, due to the excessive forma-
tion of secondary products from lipid peroxidation and
the overactivation of inflammatory effector cells. The
data obtained could be important for further studies
aimed at elucidating the molecular and cellular mecha-
nisms involved, which would deepen our understanding
of the pathogenesis of AKI.
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Abstract. The study aimed to identify a possible association between the AI1166C (rs5186)
polymorphism of the AT IR gene and markers of kidney function in patients with type 2 diabetes and
nephropathy.

Methods. The study involved 194 patients with DN: 108 women and 86 men. The patients’ ages
ranged from 43 to 80 years, with an average age of (56.32+3.21) years. The control group consisted
of 48 healthy individuals. Deoxyribonucleic acids (DNA) were extracted from blood using a standard
method with the “NeoPrep50” reagent kit (Neogen, Ukraine) according to the manufacturer’s
instructions. Genotyping of the A1166C (rs5186) polymorphism of the ATIR gene was performed
using TagMan technology with the TagMan® Fast Universal PCR Master Mix and TagMan® SNP
Assay kits. Statistical analysis of genetic associations was conducted using the SNP Stats program.
Results. Data analysis using SNPStats revealed a significant difference in genotype and allele
frequencies of the studied polymorphism in the group of patients with diabetic nephropathy (DN)
compared to the control group, corresponding to: Codominant inheritance model: OR 0.31 (0.12—
0.81); p=0.044; Dominant inheritance model: OR 0.36 (0.15—0.89); p=0.024; Overdominant
inheritance model: OR 0.32 (0.12—0.80); p=0.012. Patients with DN who carried the C/C genotype
of the rs5186 polymorphism of the ATIR gene demonstrated significantly higher levels of creatinine
(130.60 [46.44—214.76] mg/L), urea (12.44 [2.55—27.43] mg/L), and lower glomerular filtration
rate (GFR) (54.20[25.19—83.21] mL/min/1.73m?) compared to heterozygous A/C and homozygous
A/A carriers. Patients with DN homozygous for the C allele of the ATIR gene had significantly
higher urinary albumin levels (110.35 [12.81—233.50] ug/mL) compared to A/C heterozygotes
(49.99 [22.41-77.58] ug/mL). The highest albumin-to-creatinine ratio in urine was observed in
DN patients homozygous for the C allele of the ATIR gene (0.59 [0.08—1.10]), compared to A/C
heterozygotes (0.44[0.16—0.72]), p<0.05, and A/A homozygotes (0.27 [0.19—0.35]), p<0.05.
Conclusions. Patients with DN who are homozygous for the C allele of the ATIR gene exhibit
significantly higher levels of creatinine, urea, urinary albumin, and the albumin-to-creatinine ratio,
as well as lower GFR, compared to A/C heterozygotes (p<0.05) and A/A homozygotes. These findings
demonstrate the unequivocally negative impact of the C allele on kidney functional status in this
patient group.

Keywords: Diabetic nephropathy, angiotensin II type 1 receptor gene, diabetes mellitus.
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A. Hecen, I1. CemenoBux, K. CasiueBa, B. I'anbuincbka, B. Yepaumos, B. IlIkano

Hupkogi nopynmeHHs y XBopux Ha IYKpOBHii 1ia0deT 2 TUIY: MOTEHIiiiHA POJb
noaiMmopdizmy A1166C (rs5186) rena penenropa anriorensuny 11 Tumy 1

JepxaBHa yctaHoBa ,, HamionanpHui1 iHCTUTYT Teparii imeHi JI.'T. Mainoi
HAMH VYkpainn”, m. XapkiB, YkpaiHa

Pestome. Mema pobomu: euseumu moxcausuii 36 430k mixc nosimopgpizmom A1166C (rs 5186) eena peuenmopa
aneiomensuny Il muny 1 (AT1R) i nokaznuxamu QyHKYIOHANbHO20 CIMAHY HUPOK Y X80pUX HA UYKpoesuii diabem 2 muny
3 Heghponamiero.

Memoou. O6cmexnceno 194 xeéopux na JIH: 108 acinox ma 86 uonogikie. Bik xeopux xoausascs 6id 43 do 80 pokie
ma cmanosus 6 cepednvomy (56,32+3,21) poku. Konmpoavhy epyny ckaanu 48 300posux ocio. lezokcupubonykreino-
8l Kucaomu 8uoinsanu 3 Kpoei cCmaHoapmHum mMemooom 3 GUKOPUCIAHHAM Habopy peazenmie «NeoPrep50» («Heoeen»,
Ykpaina) 3eiono incmpykuii eupobnuxa. lenomunysanus nosimopghpizmy A1166C (rs 5186) eena ATIR nposodunu 3a
mexnonoeiero TagMan i3 3acmocysannsam naoopy Taq-Man® Fast Universal PCR Master Mix ma TagMan® SNP Assay.
Cmamucmu4nuil aHaniz eeHeMUHUX Acoyiauiil npoeoouscs 3 sukopucmanHam npoepamu SNP Stats.

Pezyaomamu. Ananiz danux 3a SNPStats npodemorncmpyeas 8ipoeiony pisHUU0 y 4acmomi 3ycmpiuaisHocmi ee-
Homunie ma aneneii 0ocaiddncyearozo noaimopgiamy 6 epyni xeopux 3 JIH 6 nopieHsHHi 3 KOHmMpoaem, wo 8ionogioae:
Kodominaumuiii modeni ycnaokysaunus BIII 0,31 (0,12-0,81); p=0,044; dominanmniit modeai ycnadkysanns 0,36 (0,15-
0,89); p=0,024; nao-dominanmniii modeni ycnadkysanns 0,32 (0,12-0,80); p=0,012. Bcmanoeaero, ujo y xeopux Ha JTH
- Hociie C/C eenomuny noaimopghiamy rs 5186 eena ATIR, manu micue docmogipro suuii nokaznuku kpeamuniny 130,60
[46,44-214,76] me/n, ceuosunu - 12,44 [2,55-27,43] me/n, marxoxc nuxcuy ITKD - 54,20 [25,19-83,21] ma/xe/1,73m2,
nopisnsano 3 eemeposueomamu A/C ma eomozueomamu C/C. losedeno, wjo xeopi Ha /IH, comozueomni 3a arenem C eena
ATIR, maroms docmosipro euui pieni arvoyminy ceui (110,35 [12,81-233,50] mxe/mn), nopieHsHo 3 eemeposucomamu
A/C (49,99 [22,41-77,58] mxe/mn). Haiieuwiii pieens cniggionowents anvoymin/kpeamunin ceui y xgopux na /[H 6yao
susnaueno y eomosueom C aneni eena ATIR (0,59 [0,08-1,10]), nopieusno 3 eemeposucomamu A/C (0,44 [0,16-0,72]),
p<0,05 ma eomosucomamu A/A (0,27 [0,19-0,35]), p<0,05.

Bucnosku. Xeopi na J[H, eomozueomni 3a anreaem C eena ATIR, maroms 0ocmosipro euui NOKA3HUKU Kpeamu-
HIHY, Ce408UHU, PI6HI ANbOYMIHY ceyi ma CniegiOHOWeH s arbOyMIiH/Kpeamunin ceui, a maxoxc Huxcuy HIK®D nopieusano
3 cemeposucomamu A/C ma 2omozueomamu A/A. Umosipro, nasenicme é eenomuni C aneni Modice 86axscamics Hecnpu-
AMAueUM paxmopom w000 noeipuierts ginompayiiinoi QyHkyii HUpox y nayicumie 3 1112 muny.

Karo4uoBi cioBa: diabemuuna neghpponamis, een peyenmopa aneiomenzuny Il muny 1, yykpoeuii diabem.

Beryn. Xponiuna xBopo6a Hupok (XXH) € rio-
OaJIbHOI0 MEAUKO-COLLIAIBHOIO Ta EKOHOMIYHOIO
npobJeMOI0 BHACTINOK 3HAYHOI MOIIUPEHOCTi B MO-
MyJsLii, BACOKOI CMEPTHOCTI Bifl CepleBO-CYIMHHUX
3aXBOPIOBaHb Ta HEOOXiMHOCTI BUCOKO BUTPATHUX
METO[IiB JIiIKyBaHHS TepMiHaabHOI cTtafii XXH (miaiis,
TpaHcIianTanist Hupku) [1, 2]. TIpoBeaeHi B ¢BiTi H0-
CJTiIXKEHHS OKa3aJiu, 110 MPOBiIHE Miclle Y CTPYKTYpi
XXH 3aiimMaroTh He TIEpBUHHI 3aXBOPIOBAHHS HUPOK,
TaKi sIK TJIOMepyJIoHePUT, MieTOHEDPUT, MOiKiCTO3-
Ha XxBOpoOa HUPOK, a BTOPMHHI HedpomnaTii mpu me-
TabOJiYHUX TMOPYIICHHSX, 30KpeMa, MpU IIYKPOBOMY
niaberi (LI).

HiabetnuHa Hedponatis (JAH) abo niabetnuHa
XBOp0Oa HUPOK - ONHE 3 CHelU@iYHUX MiKPOCYIWH-

Anppiii Hecen
nesen.andr@gmail.com

HUX YCKJIaJHEHb, SIKE€ XapaKTePU3YEThCS PO3BUTKOM
nurdy3HOoro abo BY3JIMKOBOTO TJIOMEPYJIOCKIEepO3y Ta
po3BHUBa€eThes puoim3Ho v 40% mnamieHTis Ha LI 2
THUITY Ta € npoBigHoIo mpuunHoo XXH [3]. 3a manumu
JMOCTiIXeHb, 3HAUHA YaCTUHA PU3UKY CMEPTi Bil ycix
MPUYMH Ta CEPLEBO-CYAMHHUX Moiil y xBopux Ha LIJI
noB’s3aHa came 3 JIH [4].

B ninoMy npoBeneHi B CBiTi TOCIiIKEHHS J03BO-
JISIIOTh po3risaaTy nauieHTiB 3 JAH, sgx koropty, sika
norpedye MOCTIHOTO MEIUYHOTO HAIJISIAYy Ta CYTTE-
BUX EKOHOMIYHUX BUTpAT.

3 iHmoro 60Ky, MOIMUPEHICTh HepomaTiit Moxe
OyTh OOYMOBJIEHOIO $SIK TIOTipUIEHHSM EKOJOTiYHUX
YMOB, TaK i iHIIMMU aHTPOIIOTEHHUMMU 1 TEeXHOTEHHU -
MU (akTopamu. B 11bOMy 3B’S3KYy CJTiJl OUiKyBaTH, 1110
BOEHHUI KOHQJIIKT, B IKOMY Hapa3si nepebyBae Halla
JiepXaBa, 0€3yMOBHO BIUIMHE SIK Ha Y4acTOTYy, TakK i Ha
nporpecyBaHHsI XXH.

B 3B’s13Ky 3 MM, BUSIBJICHHS PaHHIX NiarHOCTHY-
HUX MapKepiB CXUJIBHOCTI 10 PO3BUTKY HUPKOBUX ypa-
JKE€Hb MpeAcTaBise BEIUKUN KIiHIYHUI iHTepec uepes
MOXJIMBICTh MPOTHO3YBAaHHS Mepediry, BUMUIEHHS Ta
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CTOCTEPEXEHHS 3a TPyNaMHU MiJABUILEHOTO PU3UKY IIIe
Ha JOKJIiHIYHOMY eTami, KOJU ypaXeHHS HUPOK MO-
XyTb OYTH 3BOPOTHHUMU, a TAaKOX, MEPCIEKTUBHI MNa-
TOT€HETUYHI JJaHKU IS TIOKpAalleHHS €()EeKTUBHOCTI
He(pPpONpOTeKTOPHOI TepaIrtii.

Ak cBigyaTh CBITOBI HayKoBi mxepena, mpodi-
JIJAKTUKY HUPKOBUX Ta CEPLIEBO-CYIUHHUX YpaXeHb B
Tepury 4epry noB’sI3y10Th 3i 3HUXKEHHSIM BIUIUBY (hak-
TOpiB pu3uKy [5]. TpanuiiiiHi hakTOpy pU3KMKY 100pe
BUBYEHI, i pO3p00JeHi peKOMeHallil 100 X KOPEK-
1ii. ¥ Toli xXe yac Ma€ Miclie JOCUTh BearKa pi3HULIS B
CTyMEHi BILUTMBY LIMX (PAKTOPiB HA KOXHOIO iHAMBINA.
ITolyKy CXUABHOCTI 10 MAaTOJOTil HUPOK Ta CeplLeBO-
CYIMHHOI CUCTeMHU i B3aEMO3B’SI3KYy TaKUX YMHHMUKIB,
SIK TilepriikeMis, apTepiajibHa TinepTeH3isl, aabOyMi-
HYpisi, Auchiniaemis, 3 pO3BUTKOM 3aXBOPIOBAHHS Ha-
JiexaTb cepi reHeTUUHUX TOCTiAXKEHbD.

Cepen reHeTMYHUX MNOJIMOP(}i3MiB, OB’ A3aHUX
3 PO3BUTKOM $SIK HUPKOBOI, TaK i CeplLieBO-CYAUHHOI
MaToJIOTii, BUAISIOTh T€HU, SIKi PEeTYJI0I0Th JiMiqHUA
0OMiH, peoJIOTiuHi BJaCTUBOCTI KPOBi, 3aMajlbHi peak-
i, aHTUOKCUAAHTHY CUCTEMY, PEHiH-aHTiOTEH3WH-
anppocrepoHoBy cucremy (PAAC) ra iH. [6].

BcraHoBneHHs acouialii mojiMopdisMy reHa 3
3aXBOPIOBAHHSIM Ta MOAAJIbIIIA OL[iHKA iHAUBIAYaTbHO-
IO TEHETUYHOTO PU3UKY MAIOTh BaXKJIMBE 3HAYCHHS 151
po3po0KU nudepeHIiiioBaHOTO Miaxoay A0 mpodinak-
TUKU Ta JIIKyBaHHS JAaHOI MAaTOJIOTii Ta ii yCKJIaIHEHb
B 3aJIEXKHOCTI BiJl CIaAKOBOI CXUJIBHOCTI KOHKPETHOTO
natieHTa. ToMy B 1aHU 4yac OOHUM 3 HAMOiIbILI MTpO-
rPECUBHUX MiAXO/iB € pO3p0o0OKa CTpaTerii paHHbOI ia-
THOCTUKHU, MPOTHO3YBaHHS Ta MPEBEHTUBHOI Teparii
XBOPOOU 3 BUKOPUCTAHHSIM T€HETUYHUX MapKeEPiB.

B ubomy 3B’43Ky, 0€3yMOBHUIA iHTEepeC MpeacTaB-
JISIIOTh TOCJTiIKEHHS, TPUCBIYEHI BUBYEHHIO POJIi MO~
JniMopdi3mMy reHa peuenrtopa aHrioteHsuHy II Tuny 1
(ATIR) B po3ButKy AH.

BcranosneHo, 1m0 AT IR 3HaXOAUTbCS TepeBax-
HO B HUPKAax i IaAKux M’s3ax CyAUH Ta Bifirpa€e cyT-
TEBY poJib y nepebdiry HupkoBoi natosorii. ATIR - 1e
G-0inKOBUI peLIENTOP, JiraHIOM SIKOTO € aHTiOTeH-
3uH II. AktuBauisg ATIR anrioren3duHom Il cynpoBo-
JUKYEThCS TOCWIEHHSIM TTpoidepaltiii, BA30OKOHCTPUK-
i€ Ta KIiTMHHUMU edektamu. Ha TtenepimHiit yac
OyJi0 imeHTU(hiKOBaHO AeKilbKa MmojiMopdi3MiB reHa
ATIR, 3 sixkux noniMopdizm A1166C (rs 5186) € Haii-
Oinbin BUBYeHUM. Cliing 3a3HaYMTH, 1O MoJiMopdizm
A1166C rena ATIR noB’si3aHMi i3 TOCTTPAHCIIALIIA-
Hoto moaudikaiiero MPHK nanoro peuenrtopa.

B nocnigkeHHSIX OCTaHHIX POKiB MPOAEMOHCTPO-
BaHO acouiauio noaiMopdizmy Al1166C 3 eceHLianb-
HOIO TiMepTeH3i€l0, TinepTpodi€to JiBOro IUIYHOUYKA,
iHapkTOM MioKapaa, MOTOBIUEHHSIM iHTUMU COHHOI
aprepii Ta iHCYJbTOM B OOMEXEHill KiJIbKOCTi Iomy-
nauiit [7, 8]. BcraHoBleHO, 10 Y HOCITB MyTaHTHOTO
anenst C Mae Micue OUTbII CYTTEBE MiNBUILEHHS Dib-
TpaliliHoi (dpakuii KIyOOUKiB HUPOK Y BiAIMOBiAb Ha
iH(dy3ito aHrioteH3uHy Il y MopiBHSAHHI 3 HOCisIMU A
anens [9]. Ilepenbavaerhes, 110 HasgBHIiCTD ajens C B

TEHOTUITi MOXE CIIPUSITU PO3BUTKY [IIOMEPYJSIPHOI Ti-
nepdinbTpalii, paHHbOI KJIaCUYHOI O3HAKU MOYaTKO-
Boi cranii XXH.

V Kinbkox monepeaHix JOCTiIXEHHSIX BUBYAIACh
poJib ojlimopdizmy reHa AT 1R B etionorii 1iabeTUYHOT
XBOPOOU HUPOK, MPOTE BOHU MOKA3ZAIU CYIMEpeUIuBi
pesyabratu [10, 11, 12, 13]. HenocainoBHi BUCHOBKHU
B poOOTax MOSCHIOIOTHCS TEHETUYHUM Pi3HOMAHITTSIM
i ETHIYHOI0 MPUHAJEXHICTIO Pi3HUX TPYN HACEJIeHHS.
Benuka KinbKicTbh MiXKHApOAHUX AOCTiIKEHb CBITUYUTD
MpO HEBMUHHUIN HAYKOBUI MOIIYK T€HETUYHUX Map-
KepiB Ypaxke€Hb HUPOK Y XBOPUX Ha I[yKPOBUI Aiadet 2
TUITYy, & BUBHaUYeHHS noyiMopdizmy reHa ATIR 3 He-
dpormariero MOXe CTaTu HaAiHHUM iIHCTPYMEHTOM JJIsI
BUAIEHHS TPYNU PU3UKY MO PO3BUTKY Ta BaXXKOMY
nepebiry giabeTnuHoi Hedpomnarii.

Takum YMHOM, B OCHOBY JAHOTO TOCIiIXKEHHS MU
MOKJaJU TimoTe3y Mpo iCHYBaHHS acoliallii MixX ToJii-
Mopdizmom A1166C (rs 5186) reHa AT IR Ta ypaxeH-
HSIM HUPOK B YKPATHCBKIili Koropti xBopux Ha IH.

MeTa poOOTH: BUSIBUTY MOXJIMBUI 3B’SI30K MiX
nosximopdizmMom A1166C (rs 5186) rena AT1R i mokas-
HUKaMU (PYHKIIOHATBHOTO CTaHY HUPOK Y XBOPUX Ha
LYKpoBuUii Aiadet 2 TUMNy 3 HedpoIaTi€lo.

IManienTn Ta Metomm. Jusaiin docaidncenns. J1o-
CIIKEHHS MPOBOAWIMCH y Bl MPOdiaKTUKU Ta
JIIKyBaHHSI XBOPOO HUPOK MPU KOMOPOiJHUX CTaHAX Ha
0a3i KJIiHIYHOTO BiAiIEHHS YCKIJIaAHEHb apTepiaTbHUX
rinepteHsiit Ta koMopOigHux ctaHiB Y «HanioHanb-
Huil iHcTuTyT Tepamii imeHi JI.T. Manoi HauioHanb-
HO1 Akanemii MEAWYHUX HayK YKpaiHu». [IpoTokon
nocrimkendss (Nell Bim 18 rpymus 2024 p.) yxsane-
HO KOMiCi€10 3 MUTaHb €TUKU Ta AEOHTOJOTii rpu Y
«HauionansHuit iHcTuTyT Tepamii iMeHi JI.T. Mainoi
HanionanbHoi AkaneMii MeAMYHUX HayK YKpaiHW».
Bci nauienTn 6ynu npoiH@opMoBaHi Ta AaJiv 3roay Ha
y4acThb y JocaimKeHHi. JlocaiakeHHs BAKOHAHi 3TiIHO
MiXXHapOAHUX CTaHAAPTIB ILIOAO TOTOMXEHOI y4acTi
00CTeXXEeHUX, €TUYHOI CKJIaJ0BOi BUKOHAHHS HOCIHi-
JIXKeHb Ta B3ATTA Oiomarepiany.

Ilayienmu. B mpoueci BUKOHaHHSI oOcepBalliii-
HOTO OTHOMOMEHTHOTO OOCHiAXeHHs obcTexeHo 194
xBopux Ha JIH, sixi mepebyBanu Ha JTiKyBaHHi B KJTiHiLli
AV «HauionanbHuit iHctTuTyT Tepamii iM. JI.T. Manoi
HAMH Ykpainu». Bik xBopux konuBascs Bif 43 no 80
POKIB Ta CTAaHOBUB B cepeaHboMy (56,3213,21) poku.
Cepen xBopux Ha JI1H 6y0 108 xiHOK Ta 86 40JI0BIKiB.
KoHnTposbHy rpymny ckianu 48 3m1opoBux ocib.

36ip danux. Tlnan oOcTeXeHHST BKITIOYAB; BUBYECH-
HSI aHTPOMOMETPUYHUX MOKA3HUKIB; 1a00paTOpPHi J0-
CliIkeHHs (KJIiHiYHi aHaJTi3u KPOBi Ta ceui); BU3HA-
YeHHS (PyHKIIIOHAJBHOTO CTaHY HUPOK ILLISIXOM PO3-
paxyHKY IIBUAKOCTI Ki1yd oukoBoi (inbrpartii (LLTK®D)
3a opmynowo EPI [14]; mochimxeHHs aab0yMiHypil;
BU3HAYEHHS MMapaMeTpiB BYIJIEBOAHOTO OOMiHY Ta Jii-
MiZAHOTO CIEKTPY KpOBi; enekTpokapaiorpadis; exo-
kapaiorpadis. liarHo3 JIH BcTaHOBIIOBaNM 32 KjIacu-
dikaiiero C.E. Mogensen, sika OpieHTOBaHa Ha BUSIB-
JIEHHSI paHHIX cTafaiil 3axBoproBaHHs [15].
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Je3okcupubonykiieiHoBi kucaotu (JAHK) Bu-
JIUTSIIA 3 KPOBi CTAaHAAPTHUM METOIOM 3 BUKOPUC-
TaHHSIM Habopy peareHTiB «NeoPrep50» («Heoren»,
Ykpaina) 3rizHo iHCTpyKUii BUpoOHuka. ['eHoTumy-
BaHHs nosimopdizmy A1166C (rs 5186) rena ATIR
npoBoAMIM 3a TexHoJsoriero TagMan (anenb-crienu-
¢diyHa mosiMepa3Ha JaHLIOTOBa peaklisl 3 AeTeKIli-
€10 pe3yJbTaTy B peajJbHOMY 4aci) i3 3aCTOCYBaHHSIM
Habopy Taq-Man® Fast Universal PCR Master Mix
ta TagMan® SNP Assay. Ammidikaiiito npoBoauIu
3a gonomoroto «Cuctemu aetekilii mpoayktiB ITJIP
B peanbHoMy 4Yaci CFX96 Touch (BioRad, CIIA).
Hng  anenpHOi AOUCKPUMiHALII BUKOPUCTOBYBAIU
nporpamMHe 3abe3nedyeHHs: CFX Manager Software
(CLIA).

3pasku JAHK, 1o mignsiranu aHamizy, BHOCUIU 10
CTPUITOBAaHUX MPOOIPOK i3 TOTOBOIO aMILTidhiKaliitHOIO
CYMILILIO 3TiAHO peKOMEHI0BaHOI cxeMHU. [0 KOXHOI
MOCTAHOBKU BKJItOYaiu, okpiMm 3paskiB JJHK, Hera-
TUBHI KOHTPOJi Ta MO3UTUBHI KOHTPOJbHI 3pa3kKu —
TOMO3UTOTY 3a ajiesieM |, reTepo3UuroTy Ta FOMO3UTOTY
3a ajieieM 2 JJIs KOXXHOTO 3 TOCTiIXKYBaHUX MOJiMOp-
¢i3MiB. Y 9KOCTi EIMHOTO HETATUBHOTO KOHTPOJIIO BU-
KOpPUCTOBYBaIM po3pimxyBay. CTpUMNU pETESbHO 3a-
KpUBadd KPUIIKAMU, CTPYIIYBaJIU, LIEHTPpUDYryBaIu
3-5 cek. ipu 1500-3000 06/xB. Ha MiKpoLeHTpUDY-
3i — BOpPTEKCi Ta pO3TalIOBYBAJIM HA TIalILi aMrutidi-
KaTopa 3TiJHO MPOTOKOJY JOCiIKEHHS.

Jag 34dTyBaHHSI IUIAIIKM OOUpanud KaHaju:
HEX — anens 1 Ta FAM — anenp 2. [eHOTUITyBaHHS
3a3HaYEeHUX MNOJiMOP(}i3MiB MPOBOAUIU 3 BUKOPUC-
TaHHSIM mporpamHoro 3abesnedyeHHss CFX Manager
Software 3a aHaji3oM TOPOTrOBOTO LMKIY (BKJIagKa
Quantification) abo aHaymi3oM aUCKpUMIHAIIl aneeit
(Bknagka Allelic discrimination).

Awmmtidikantis BukiouHo 3a kaHaaioM HEX cBin-
YuJia PO TOMO3UTOTHUI T€HOTUII 3a ayeyieM 1, 3a kKa-
HanamMmu FAM ta HEX — mpo retepo3uroTHuii reHo-
TUM, BUKJIIOYHO 3a KaHaioM FAM — npo roMo3urot-
HUI TEHOTHUMN 3a ajiejieM 2 1151 KOXXHOro 3 nojiMopd-
HUX cailTiB. Pe3ynbTar BBaxKanu nmo3utuBHUM npu Cq
MeHiie 35.

KpuTtepisimu BKIIIOUEHHSI MAlli€HTIB OyJau: HasB-
Hicte IIJI 2 Tuny, mignvcaHHs iHGOPMOBAHOI 3roau
Ha y4acTb y mociijkeHHi. KputepisiMmu BUKITIOUEHHS
nalieHTiB Oyau: BiK MeHIile 18 pokiB, BariTHi XiHKHU,
XBopi 3 nekoMneHcauieo /[, HasiBHiCTb NMepBUHHOIL
natoJjiorii HUpoOK (cedyokam’siHa XBopobOa, iH@ekIii
BUBIAHUX LIJISIXiB, YPOIXKEHi aHOMaJlil HUPOK), TepPMi-
HaJbHA CTaJisi HUPKOBOI HEAOCTATHOCTI, TSXKKi 3aXBO-
PIOBAaHHS MEYiHKU, 3/I0IKICHi HOBOYTBOPEHHSI, 3aXBO-
PIOBaHHSI CUCTEMU KPOBi, BiICYTHICTh iH(OPMOBAHOT
3TOJIHU.

Cmamucmuynuii_ananiz. CTaTUCTUYHUN aHali3
TeHETUYHUX acollialliii MpOBOAUBCS 3 BUKOPUCTAH-
HaM nporpamu SNP Stats. [l mOpiBHSIHHS BUSIB-
JICHUX 1 OUiKyBaHMX YAaCTOT T€HOTUIMIB PO3PAXOBY-
Bajau piBHoBary Xapai-Baiin6epra 3a xpurtepiem y2
3 OJIHUM CTylneHeM cBoboau. sl OUiHKKU PUBUKY,

MOB’S3aHOTO 3 TUM UM iHIIKUM ajejieM abo reHOTH-
oM, po3paxoByBajiocs BigHoueHHs maHciB (BII) i
95% nosipuunii inteppain (/11). Po3paxyHok BII npo-
BOJMBCS BiMOBIIHO 3 I’ SIThbMa BiIOMUMU MOJEISIMU
ycnaakyBaHHS (KOJAOMiHAHTHA, JOMiHAaHTHA, pele-
CUBHA, HAAJIOMiHAHTHA i JOr-aaAuTUBHA). Bubip Haii-
OinbII iIMOBIPHOI MOJEJIi MPOBOAUBCS BiAMOBITHO IO
iHopmauiiiHoro kputepito Akaike (AIC); monens 3
HaiilMeHIuM 3HaueHHsIM AIC BuU3Hauvanacs SIK Haii-
OiJIbLI WMOBipHA.

CraTucTUYHy OOpOOKY MPOBOAUIU 3 BUKOPUC-
TaHHSIM TMakeTiB miporpaMm IBM®SPSS® Statistics
23.0. IlepeBipKy HOPMaJAbHOCTiI PO3MOAiNAY MOKA3HU-
KiB 3miiicHIOBaiM 3a pornomorolo Tecty lamipo-VYin-
Ka. Pi3HUIIIO MiX rpyramMu B CYKyMHOCTSIX 3 HOpMaJib-
HUM PO3MOJIiJIOM BU3HAYAIU 32 IOTIOMOTOI0 KPUTEPiI0
CrploneHTa. B rpymax, siki He BiAIIOBiZaJiM HOpMaJib-
HOMY PO3IMOJiay, KiJIbKiCHi TOKa3HUKU B HE3B SI3aHUX
BUOipKax TMOpPIBHIOBAJIM 3a JOIMOMOTOI0 Hemlapame-
TpUYHOTO KpuTtepito ManHa— ViTHi. JlaHi HaBeleHi 9K
cepelHi BeMuuuHU Ta ix noxudbku (M £ SD) 3a Hop-
MaJIbHOTO PO3MOAiTY AaHUX Ta sIK MeniaHa (Me) i iH-
TepKBaHTWIbHUI Aiama3zoH (Q25-Q75) 3a posnoainy,
BiIMiHHOIO Bil HOpMaJIbHOTO. Pi3HMILIIO MiX 3HaYeH-
HSIMU BBaXaJIM CTAaTUCTUYHO AOCTOBIPHOIO 3a PiBHS
Kpurepito 3HauyiocTi p < 0,05.

PesyabraTu. SIk mokasanu pe3yabTaTU MOJIEKY-
JIIPHO-TE€HETUYHOTO MOCHIMXEHHS, PO3MOAial TeHO-
TUMiB mojiiMopdismy rs 5186 rena ATIR Binnosigas
piBHOBa3i Xapni-BaitHbepra B yciX JOCTiIXEHUX IPYy-
rax Ta CyTTEBO HE BiJpi3HSBCS Bil EBpONENCHKUX MO-
YIS,

Y xBopux Ha JIH po3nonis reHOTUMiB OYB HaCTyII-
um: A/A — 35%, A/C — 59,8% i C/C — 5%. Posmo-
JIiJT aJIeJIbHUX BapiaHTIiB B TaHiil rpyIi CTAHOBUB: ajiejib
A— 65%, anenb C — 35%. Jlas rpyny KOHTPOJIIO Xa-
pakTepHUM OyB HACTYMHUI PO3MOJiJ TeHOTUIIIB Ta
aneniB: A/A — 60%, A/C — 32% i C/C— 8%., anenb
A—176%, anenp C — 24%. YacTOTHUI pO3MOIiI ajesliB
JochimkyBaHoro noniMopdismy rena AT IR cepen ycix
JOCJTiIXYBaHUX 3pa3KiB cTaHOBUB: A/A — 40%, A/C —
54% i C/C — 6%., anenp A — 67%, anens C — 33%.
IToniOHWi1 po3moAin BiAMOBiga€ YaCTOTi, XapaKTepHil
JUISI €BPOIENChbKOI MOMyJslii 3a JaHUMU YMCIEHHUX
aBTOPIB.

AHani3 maHux 3a JOMOMOTOI0 OHJIAiH Mporpamu
SNPStats mpogeMOHCTpYBaB BipOTiIHY Pi3HULIIO y Yyac-
TOTi 3yCTpiyaJbHOCTI T€HOTUIIB Ta ajesiB AOCTIIXY-
BaHoro nosimMopdismy B rpymi xsopux 3 IH B mopiBs-
HSIHHI 3 KOHTpOJIEM, 110 BiAMOBila€: KOAOMiHAHTHIN
moneni yenaakyBanHs BII 0,31 (0,12-0,81); p=0,044;
JOMiHaHTHiA Mozeni ycrmaakyBaHHs 0,36 (0,15-0,89);
p=0,024; Han-gOMiHAHTHiI Mopedi ycHaaKyBaHHS
0,32 (0,12-0,80); p=0,012.

3 omisiay Ha Pi3HUILIO B peTyJisilii MeTaboi3My B
3aJ1eXKHOCTi Bifl cTaTi OyJ0 MPOBEACHO MOCIiIXEHHS
Te€HJEPHUX OCOOIMBOCTEN PO3MOILTY YACTOT ajeIbHUX
BapiaHTiB Ta FTEHOTUIIIB JOCIiAXYyBaHOTO MoaiMopdi3-
My reHa ATIRy xsopux Ha JIH (tabu. 1).
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Tabauys 1
YacroTHuii po3noii reHoTHIiB i aneseii moxiMopdiszmy rs 5186 A1166C rena AT 1R B 3a1€KHOCTI Bix cTaTi
I'pyna T'enorun,% Yacrora 3ycTpiyaemocri, %
A/A A/C C/C A C

OH 38,9 55,6 5,5 66,7 33,3
Kinku

Kontponb 53,8 38,5 7,7 73,1 26,9

OH 30,2 65,1 4,7 67,8 32,2
YonoBiku

KonTponb 66,7 25,0 8,3 79,2 20,8

Ipumitku: JH — niabeTnuHa HedpomnaTis

Cepen xiHok, xBopux Ha JIH 3ycTpivanpHicTh
reHotuny A/A oiiMmopdismy rs 5186 rena ATIR cta-
nosuna 38,9%, A/C — 55,6% i C/C — 5,5%. Anenb
A BusiBisiacs y 66,7% mnaunientiB , anenb C — y
33,3%. Y yonoBikiB, xBopux Ha JIH po3smnoain reHo-
tumiB 0yB HactymHuUM: A/A — 30,2%, G/T — 65,1%
i T/T — 4,7%. Po3nonin aneniB B maHiil rpymi maii-

€HTIB CTAaHOBUB: anenb A— 67,8%, anenr C — 32,2%
(Tabn. 1).

Buxonsuu 3 maHnX, HaBeAeHNX Y TaOIMIIi 2, y 4O-
noBikiB 3 JIH pusuk HasgBHOCTI reTepo3urorHoro A/C
reHoTumny mojxiMopdizmy rs 5186 rena ATIR B 2,9 pa3u
OiMBIINI, HIX Y TPYITi KOHTPOJTIO (32 JOMiHAHTHOIO MO-
nenmo ycnankysansst BIL 0,24 (0,06-0,77); p=0,05).

Tabauys 2

Bignomennsa manciB y xsopux Ha /IH, HociiB pi3nux reHoTumiB rena A7T1R B 3ajeKHOCTI BiT cTaTi

Cratb ITonimopdism rs 5186 rena ATIR BIII (95%) TH 10 KOHTPO.TIO

A/A 1,00

Kinku A/C 0,50 (0,14-1,79)
Cc/C 1,00 (0,09-11,24)
A/A 1,00

YonoBiku A/C 0,24 (0,04-0,77)*
C/C 0,81 (0,06-10,48)

Ipumitku: JH — miabetTnuHa HedpomnaTis

*- pizHULA Oysa nocToBipHOI0, p<0,05

IIpu pocnigkeHi 4aCTOTHOrO PO3MOJIiNy anesiB
noJsiimopdizmy rs 5186 rena AT1R BUSIBICHO, 11O CE-
pen namienTiB 3 XXH III ct. renHotun A/C 3HayHO
yacTillle BUSBJISIBCS Y YOJIOBiKiB, TOPiBHSIHO 3 XiHKa-
mu (BII — 3,33 (1,51-222,89), p<0,05).

3 MeTo10 KpallloTo PO3YMiHHSI MeXaHi3MiB aco-
uiauii nomiMopdismy rs 5186 A1166C rena ATIR 3

PO3BUTKOM Ta nporpecyBaHHsaMm JIH, a Takox 3 cep-
LEeBO-CYAIUMHHUMU YCKJIAAHEHHSIMU, Y BigiOpaHux
XBOPUX OYJIM OLliHEHi OCHOBHI KJIiHiYHi Ta 6i0xiMiuHi
napaMeTpu B 3aJIeXKHOCTI Bifl FeHOTUITY JOCJiIXKyBa-
Horo reHa: A/A, A/C ra C/C. OtpumaHi gaHi npea-
CTaBJIEHO B Ta0OaMIIi 3.

Tabauus 3
OcHOBHI KJIiHIYHi XapaKTEepUCTHKH T JJA00PATOPHi MapaMeTpH B Ipynax 00CTeRKEeHNX
(M £ m a6o Me [Q1-Q3])
T'enorun ATIR
Iloka3nuk Y
A/A (n=68) A/C (n=116) C/C (n=10)
1 2 3 4 5
Cramn % Yo 26 (30,2%) 56 (65,1%) 4(4,7%)
’ KiH. 42 (38,9%) 60 (55,6%) 6 (5,5%)
Bik, poku 63,24 [59,15-67,33] 61,40 [55,77-67,03] 61,00 [47,44-76,56]
[HIEKC MacH Tiia, Kr/m>2 31,23 [29,89-32,59] 31,04 [29,47-32,61] 34,08 [20,51-47,64]
[110K032 KPOBi, MMOJIB/JT 8,80 [7,24-10,36] 6,98 [6,12-7,83] 8,79 [6,29-11,29]
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IIpodosicenns mabauyi 3

I T'enorun ATIR
OKaJHHK A/A (n=68) A/C (n=116) C/C (n=10) P
1 2 3 4 5
KpeaTuHiH, MKMOJIb,/JT 91,26 [84,26-98,26] 93,50 [75,09-111,91] 130,60 [46,44-214,76] gng’gg
3-45Y,
CeyoBrHA, MMOJIb/JT 7,90 [6,97-8,82] 7,47 [6,13-8,81] 12,44 [2,55-27.43] P,.4<0,05
P;.4<0,05
[IK®D, mi/x8/1,73m2 69,61 [63,06-76,15] 73,60 [63,17-84,03] 54,20 [25,19-83,21] g“ig’gg
3-4°Y,
ABOYMIH cedi, M/ 30,42 [19,53-41,31] 49,99 [22,41-77,58] 110,35 [12,81-233,50] 32'428’82
3-45Y,
Kpeatunin ceui, Mkmosn/a | 113,02 [97,37-128,67] 144,49 [96,26-192,71] 150,36 [51,46-249,26]
CniBBigHOIIEHHS P,.4<0,05
ATLOYMiH,/KpeaTuHiH, Mr/r 0,27 [0,19-0,35] 0,44 [0,16-0,72] 0,5910,08-1,10] Py .<0.05
CeyoBa KHCI0Ta 390,93 [331,22-390,65] | 506,61 [221,60-791,62] | 312,75 [168,17-457,33] 52‘328’82
3-4 >
ITpumitku: HIK®— mBuakicTs KIryo09KoBoi (inbrpartii

SIK BUOHO 3 HaBeJeHUX B TaOJULl 3 TaHUX, XBO-
pi Ha IH B 3a1eXXHOCTI BiJ TeHOTUITY MmoaiMopdizMy
rs 5186 rena ATIR GynM CIiBCTAaBHMMHM 3a BiKOM Ta
crartio. XBopi 3 reHoturniom C/C reHa ATIR manu
BUILI piBHi iHAEKCY MacH Tijla TTOPiBHSIHO 3 TOMO3M-
roramu A/A ta reteposurotaMu A/C DocCiaKyBaHOTO
nogiMop@izmMy, X0 11i 3MiHM i He OYJIM JOCTOBIpHUMMU.

IIpu nocnigkeHHi MOKa3HUKIB (PYHKIIOHABHOTO
CTaHy HUPOK BU3Ha4YeHo, 1110 Y XxBopux Ha IH - HociiB
C/C renoruy noiimopdismy rs 5186 rena ATIR, manu
Miclie JOCTOBipHO BHIIi TOKa3HUKH KpeaTuHiHy 130,60
[46,44-214,76] mr/n, cedyoBuHU - 12,44 [2,55-27,43]
Mmr/i, tTakox Hkuyy HIK® - 54,20 [25,19-83,21] mu/
xB/1,73M2, nmopiBHsAHO 3 rereposuroramu A/C, p<0,05
ta romosuroramu C/C, p<0,05. ¥ xBopux Ha L] 2
tuny 3 JIH 3 A/A reHotuniom reHa AT IR piBHi noci-
JOKYBaHUX TMOKa3HUKIB CTAHOBWJIM: KpeaTUHiH 91,26
[84,26-98,26] MkMomb/11, cewoBuHa - 7,90 [6,97-8,82]

Mmoib/i, HIK® - 69,61 [63,06-76,15] miu/xB/1,73Mm2.
V¥ xBopux Ha JIH, HociiB rereposurorHoro A/C reHo-
TUIIA AOCJiJKyBaHOTO IreHa piBHi KpeaTUHiHYy CTaHO-
Buu 93,50 [75,09-111,91] MmkMomb/n1, cedoBuHa - 7,47
[6,13-8,81] Mmmoab/n, IHK® - 73,60 [63,17-84,03] M1/
xB/1,73M? (Ta6ua. 3). Buxonsuu 3 OTpUMaHUX pe3yJib-
TaTiB, HagBHicCTh B reHotuni C aneni moaiMopdizmy
rs 5186 reHa ATIR MoXe BBaXaTUCS HECIPUSATINBUAM
(akTOpOM IIOAO MOTipiIeHHS PinbTpaliiiHOT PyHKIiT
HUPOK Y IaHOI KaTeropii nmauieHTiB.

B nmochigkeHi Oyno BCTaHOBJEHO, IO XBOpi Ha
JH, romo3urorHi 3a anenem C reHa ATIR, MaloTh 10-
CTOBipHO BHUILi piBHi anboymiHy ceui (110,35 [12,81-
233,50] MKr/mut), mopiBHsSIHO 3 retepo3uroramu A/C
(49,99 [22,41-77,58] mkr/mi), p<0,05 Ta romo3uro-
tamu A/A (30,42 [19,53-41,31] mxr/mi), p<0,05, mo
NIEMOHCTpY€E Oe33aliepedyHMii HeTaTUBHMI BIUIMB Ha
nepeo6ir JIH y uiei kareropii xBopux (puc. 1).

Mxkr/ma

100

80

60

40

20

R

IIpumitka. * - p <0,05

"DA/A BA/C = C/C

*

Puc.1. PiBensb anpbyminy cedi y xBopux Ha JIH B 3aexHocTi Bin mostiMopdHoro Bapianty rs 5186 rena ATIR.
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ITig yac BU3HaAUEHHS KPEAaTUHiHY CeYi y XBOPUX Ha
I H, HociiB C/C reHorumny rena AT1R BUsBIeHO BUIIIi
piBHiI mokasHuka (150,36 [51,46-249,26] MKMOJb/T),
MOpPiBHSIHO 3 HocisiMu A/A teHotuny (113,02 [97,37-
128,67] mxmonb/n) Ta A/C reHotumny — (144,49 [96,26-
192,71] MKMoIb/7), X04a 11i 3MiHU He OYJIU JOCTOBIp-
HUMMU.

HaiiBumiiit piBeHb CITiBBiTHOIIEHHS aibOyMiH/
KpeaTuHiH cedi y xgopux Ha IH Oyno BuU3Ha4YeHO y ro-
mosurot C aneni reHa ATIR (0,59 [0,08-1,10]), mopiB-
HsiHO 3 retepo3uroramu A/C (0,44 [0,16-0,72]), p<0,05
ta romosuroramu A/A (0,27 [0,19-0,35]), p<0,05, mo
CBiIUUTH MPO Tipmnil GyHKIIOHATBHUI CTAaH HUPOK Y
JaHO1 KaTeropii MauieHTiB (puc. 2).

Mkr/mn

0.6

£l

0.5
0.4

H

0.3

ITpumitka. * - p <0,05

"DA/A BA/C uC/C

Puc. 2. CniBBigHoIlIeHHS abOyMiH/KpeaTuHiH cedi y xBopux Ha JIH B 3aexXHOCTi Bi nosxiMopdHOro
BapianTy rs 5186 rena ATIR.

ITig yac mopiBHsSHHS xBopux Ha JIH, HOCIiB pizHUX
nojiMopdHux BapiaHTiB s 5186 rena ATIR, 3a crami-
avu JIH, piBHeM kpeatnHiny ta LIIK® y xBopux, sxi
Ma C/C TeHOTHMIT JOCITIIKYBAHOTO ITOJIIMOpGi3My

BU3HAYAIUCA OUTBII CYTTEBI TPOSIBU YPaK€HHS HUPOK,
a came 60% xBopux mamu IIK®D <60 mu/xs/1,73m2.
HarnsigHe 300paXkeHHs OTpUMaHUX Pe3yJIbTaTiB Mpe/-
CTaBJIEHO Ha pucC. 3.

BXXHI cT.
N XXH IIT cT.

SXXHIT et
UXXH IV cT.

Puc. 3. Cryninb ypaxeHHs HUPOK y xBopux Ha JIH, HoOCIiB pi3Hux moaiMopdHux BapiaHTiB rs5186 rena ATIR.

IIpu mocnimxeHi po3MoAly XBOPUX 3a CTadisIMu
XXH 0y0 BUSBIEHO, III0 Y HOCiiB A/A TeHOTUI reHa
ATIRXXH I cr. Bu3Havanace y 21,0% Bunankis, XXH
Ilcr. —y47,4%, XXH 1l c1.. — 31,6%; y xBopux 3 A/C

redoturiom reda ATIR: XXH I ct. Busnauenay 30,0%,
XXH II c1. y 40,0%, XXH I1I cT. y 25,0%, a XXH IV
cT.y 5,0% nauieHTiB. Y HOCiiB romo3urotHoro 3 C ajie-
o reHotuna C/C BU3HAYaBCsI HACTYIHUM PO3IOILN:
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XXH 1II cT. - 40,0%, XXH III ct. - 40,0%, a XXH IV
cT. - 20,0% nauieHTiB.

Oorosopenns. IIpoBeneHe HaMU JOCIIIXEH-
HS PO3UIMPIOE YSBAECHHS MPO TE€HETUYHY JETEepMi-
HOBaHICTh HUPKOBUX YCKJIAAHEHb Y xBopux Ha LI 2
TUITy. 30KpeMa, OTPUMaHi pe3yJabTaTh AEMOHCTPYIOTh
3B’A30K Mix mnojimopdismom Al1166C rena ATIR i
MOKa3HUKaMU (QYHKIIOHAJTbHOTO CTaHy HUPOK Y Ili€l
KaTeropii xBopux. Ymepiiie B yKpaiHCbKili KOTOPTi Mma-
LI€HTIB OYJIO MPOBEAECHO aHaJi3 acollialii noaimMopd-
HUX BapiaHTiB reHa AT IR 3 peHaIbHUMU CKJIaJOBUMU
denoruny xBopux Ha IIJI 2 Tuny. Ilpu BUKOHaHHI
JIOCTiIKEHHS HaMU OyJIO BCTAHOBJIEHO, IO Y XBOPUX
Ha I 2 tuny, HociiB C/C reHotumy mnoyimMmopdizmy
rs5186 rena AT1R, MaloTh Miclle TOCTOBIpHO BUILLi MO-
Ka3HUKU anbOyMiHypii, Takox Hmkva LLIK®, mopis-
HSHO 3 retepo3uroramu A/C ta romosurotamu A/A.
Mu nependayaemo, 110 HasiBHiCTh B reHotuti C aneni
MOXE€ BBaXATUCS HECIPUSTIUBUM (PAKTOPOM IIOAO
MOTiplIeHHsT (UTbTpaliiiHOi (yHKIIilT HUPOK Y JaHOI
kareropii maiieHTiB. O6roBopoOYM MMOBiIpHI Mexa-
Hi3MU BUsIBJIeHOI acouialii reHa AT /R 3 moripueHHsIM
(YHKIIOHAIBHOTO CTaHYy HUPOK y xBopux Ha LI 2
TUITY, BapTO ypaxyBaTu (P€HOTUTIOBY CXOXiCTh 3ayye-
HUX B JOCHIII>KEHHS Malli€HTIB 3a TAKUMU O3HAKaAMMU,
SK OXHUPiHHA 1 rinepriikeMis (Tadi. 3), KOTpi Takox
BUCTYNAIOTh TOTY>XXHUMU YWHHUKAMU CTUMYJISLIIT
ekcnpecii reHa ATIR i akTUBHOCTI peuenTopiB 10 aH-
riorensuny II 1-ro Tumy [16,17]. B ymMoBax oxupiH-
Hsl, TilepriikeMii Ta HasgBHOCTI B reHoTtumi anens C
A1166C nonimopdismy rena ATIR, iMmoBipHO, BinOy-
BaeTbcs aktuBalis PAAC, sgka uyepe3 aHrioteH3uH I1
B TKAHWHI HUPOK CIIPUYMHSIE Tinep@inbTpaliito, OKCU-
JaTUBHUU cTpec, TpoMOO03, eHaoTeNiaabHy IUCHYHK-
11it0, 3aMajeHHs Ta CyIVMHHE PEMOMAEIIOBAaHHS, KOTPi
BUCTYIAIOTh B SIKOCTi BaX@JIMBUX MaTO(i3i0J0TIUHUX
MEXaHi3MiB, acoluiiioBaHUX 3i 3HWXKeHHsIM [IKO.
Bracnigok aktuauii PAAC HUpPKOBUIA aHTIOTEH3UH
II 6epe yyacTb y nepeTBOPEHHI emiTeaialbHUX KJIITUH
B Me3eHXiMaJIbHi, B MOJAJbLIOMY CIpusiioun ¢ibpo-
TUYHUM 3MiHaM HUPKOBOI TKAHWHU B YMOBAX «TiMlep-
I1iKeMiYHOTrO 30BHILIHBOTO cepeaoBUlla». Ba3zokoH-
CTUKTOpPHI edekTu aHrioTeH3uHny Il gx cucrtemi, Tax i
BHYTPIIIIHbOKJTYyOOUKOBi, MPUCKOPIOIOTH 11i 3MiHU. Bee
1€ CBiIYMTH Mpo Oe3mnocepenHi0 y4yacTb aHTiOTEeH3U-
Hy II i fioro peuenTtopa 1-ro Tumy y po3Butky [AH y
nauienTis i3 IJI 2 tuny [16, 18]. HagsuicTs anens C
3a3BUYAll ACOLIIOETHCS 3 BUCOKMM DiBHEM €KCIpecil
reHa AT1R a6o 3 miABUIIEHOIO YYTJIUBICTIO BilMOBiI-
HUX PelenTopiB, SIKi BiH KOAye, N0 aHTrioTeH3uHy II.
AnutuBHuil epekT anenst C HaOiAbII SICKpaBO MpPoO-
siBJIsIETHCS Tipu reHoTuri C/C y MopiBHSIHHI 3 TEHOTU-
oM A/C. TlpuIrycKaroTh, 110 OiJIBII BUpa3Ha His aHTi-
oteH3uHy II, koTpa nos’si3aHa 3 HasIBHICTIO B TEHOTHU
anenss C, ocobauBO B TOMO3UTOTHOMY CTaHi, MifBU-
LIIYE YPa3JUBiCTb HUPKOBOI TKAHWHU 0 MAaTOJOTiUHUX
edeKTiB rinepriaikemMii yepe3 MOTipIIEHHS CUCTEMHOL
i/abo peHaJ bHOI TeMOOMHAMIKU, YA BHACTIOK TOpY-
meHHs GyHKIT peHanbHUX KIiTvH [18]. OTXe, peai-

3arist acouianii anenst C A1166C noniMmopdismy reHa
ATIR 3 noripuueHHsIM GiabTpaliiiHoi QYHKIIT HUPOK
y 3aJlydeHUX B AOCiaKeHHs nauieHTiB i3 LI 2 tumy,
IMOBipHO, BinOyBaeThcs uyepe3 aktuBailito PAAC, sika
JIOAATKOBO MOCUJTIOETHCS iICHYIOUMMU METabOJiYHUMU
posnagamMu (iHCYJTiHOPE3UCTEHTHICTh, TiMeprilikeMis,
OXUPiHHS, TUCTiNigeMist).

OTpuMaHi aHi CHiBIanalTh 3 pe3yjbTaTaMu 0a-
ratbox gociaimkeHb. IlinBuiieHa aktusauiss PAAC
now’s13aHa 3 mporpecyBaHHsIM XXH pi3Hoi eTioJiorii,
(ocobmueo JAH [19-21], i omocepeakoByeThcs ypa-
JKEHHSIM HUPOK, BUKIUKaHUM TinsuineHuM AT [22] Ta
MPUCKOPEHUM DPO3BUTKY (HiGpoTHMUHMX mpoiieciB [23].
CyTTeBE 3HAaUEHHS LILOTO MATOTEHETUYHOTO MeXaHi3My
nporpecyBaHHgd XXH mpuBepHYI0 yBary IOCTiTHUKIB
no kommoHeHTiB PAAC, 3okpema 1o ATIR. 3 orus-
Iy Ha BMIUe3a3HauyeHe, TeH AT IR MoxXHa po3risiaaTv
SIK TIEPCNEKTUBHUI TeH-KaHAWOAT Ui Pi3HUX (eHo-
tuniB, nop’s3aHux i3 XXH. I'eH ATIR MoXHa TaKoX
pO3IISAATH SIK TeHETUYHUI GioMapKep yepes oro Bif-
MOBIAJIbHICTh 32 KOMYBaHHSI CTPYKTYPHUX MPOTEIHIB
peuenropa a0 aHrioreH3uHy Il 1-ro Tuny. Binbir Toro,
Ppi3Hi noniMopdizMu, JIOKasi30BaHi B IUISHII pO3Tally-
BaHHS LIbOTO reHa Ha 3-1 XpOMOCOMi JIIOMUHU, acOlli-
1010Tbcd 3 epekTamu PAAC, 110 NOMIKOIXKYIOTh CTPYK-
Typy i OYHKIiI0 HUPOK (Ba30KOHCTPIKIIisl, 3aMaaeHHs,
BOIHO-€JIEKTPOJITHUI nucbananc) [16].

3a pesynapraramu V.N. Shahy iHmiiicbkiil momy-
Jsuii HasiBHicTh C anesio mojiMopHOro BapiaHTy TS
5186 rena AT1R Gyna acoliiiioBaHa 3 pO3BUTKOM fiabe-
TUYHOI Hedpomnatii. Tak y nalieHTiB, 110 MaJu rOMO-
surotHuit C/C TeHOTUI OCTiIKyBaHOTO IoTiMopdi3-
My Oy3 BU3HAUEHMI Y 6 pa3iB BUIIMI PU3MK PO3BUTKY
JH [24]. 3rinHo 3 pe3yibTaTaMU METa aHaTi3y, MPOBe-
neHoro L.J. Smyth, axuii BkiatouaB 3197 ocib i3 3axBo-
PIOBaHHSIMU HUPOK i 3720 KOHTPOJBHUX OCi0, SIKUM
nJocaimkyBanu nosimMopdism rs 5186 rena ATIR. Byio
BUSIBJIEHO, 1110 HAsIBHICTb aiejs A B LIbOMY JIOKYCi 3a-
Oe3rnevyBana MEHIIUI pu3ukK po3Butky LI/ 2 Tumy Tta
JAXH y nonysauii I[liBgennoi Asii (p=0,001) [11]. Pe-
3yJIbTATH iHILIOTO METa-aHali3y IeMOHCTPYIOTh JOCTO-
BipHO acowuialiiio nojiMopdHoro BapiaHty rs 5186 rena
ATIR 3a HOMIHAHTHUM TUIIOM YCIaAKyBaHHS 3 PO3BU-
tkoM JIH y asivicekiit momynsiuii [12]. ¥ nociimkeHHi
V.N. Shah 6yna BU3HaYeHa NIOCTOBIPHO BUILIA YaCTOTa
gyctpivanbHocTi C ajneni A1166C rena ATIR y XxBopux,
ki Manu [IH mopiBHsIHO 3 xBopuMHU Ha LIJI 2 Tumny 6e3
Hedpomnarii Ta HasBHICTb L€l ajeai Majaa TOCTOBIpHY
acolliallito 3 HasIBHICTIO MPOTEiHYPii, IK OAHI€] 3 03HAK
nporpecyBanust JIXH [24]. Ahluwalia Ta cmiBaBTOpU
TaKOX BUSBWIM acouialiio Mix anenem C reHa ATIR
i IJI 2 Tuny, a TakoX MiABUIIEHUM PU3UKOM DO3BU-
TKy Ta niporpecyBaHHs JH cepen iHailicbkoi momynsi-
wii [25]. 3a pe3yabTaTamMu IBOX MeTa aHaji3iB HAOUHO
npoaemoHcTpoBaHo, Mo C/C reHotumr moxiMopdis-
My A1166C reHa AT1R moxe cipusiti po3BuTKy 1 H,
0c00IMBO y namieHTiB i3 LIJI 2 Tumy, mopiBHSIHO 3 A/A
reHoturnoM [26, 27]. HagBHicTh LIMX acolialliii Moxe
TMOSICHIOBAaTUCS BUILOW ekcrnpecielo ATIR 3a HasB-
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HocTi MmytanTHoro anenst 1166C rena ATIR i BuIOIO
CMOPIAHEHICTIO BapiaHTy pelLernTopa 10 aHTiIOTEH3UHY
I1 [28]. OxHak y KiJTIbKOX HOCTiIKEeHHSIX He OyJI0 BCTa-
HOBJIEHO acolialil Mix monimopdizmom A1166C rena
ATIR i puzukom po3Butky LI 2 Tuny a6o JIH, 30kpe-
Ma, cepell TaiiBaHChKOT [29] i MeKCUKaHCHKOT MOITYJIsI-
uii [13]. HemocninoBHi pe3yibTaTi BKa3yloTh Ha T€ 1110
€THiYHA HaJIeXHICTh, BiAMIHHOCTI y miarHocTuili XXH
il knacudikanuii, po3Mip BUOIpKM, B3a€EMO/Iii T€HIB Ta
BIUIMB CEPENOBUILA MOXYTh BIUIMBATU Ha PE3YyJIbTaTU
piszHux gocmigxeHs [30].

TakuM yrHOM, OyJM BU3HAUEHi CIaAKOBi pO30iX-
HOCTI Y HOCiTB pi3HUX MoJiMOpdHUX BapiaHTiB rs 5186
reHa ATIR y xBopux Ha XXH, 110 MOXyTb 00yMOB-
JIIOBATH Tepedir 3aXBOPIOBAHHS Ta PO3BUTOK YCKIAI-
HEeHb y NaHOi KaTeropii mauieHTiB. {15 miaTBepaKeH-
HSI OTPUMAHUX PE3yJIbTaTiB, a TAKOX MOAAIBIIOrO MO-
TIMOJIEHHS HAYKOBUX 3HAHb Y PO3YMiHHI T€HETUYHUX
OCHOB (bYHKIIIOHAJIbHUX ypaXeHb HUPOK Ta Mepeoiry
3aXBOPIOBAHHS y JAHOI KaTeropii XBOpUX HEOOXiaHi
MOMAJIbIII JOCTiAXKEHHSI.

BucHoBKH. Yriepiiie B yKpaiHChKiif KOropTi marfi-
€HTIB OyJIO MPOBENEHO aHali3 acoliallii MoJiMopGhHUX
BapiaHTiB reHa ATIR 3 peHaIbHUMU CKJIaA0BUMU (e-
HoTumy xBopux Ha LIJI 2 Tumy.

B rpyni xBopux 3 JAH Big3HauaeTbcs BiporigHa
Pi3HUIIS Y YACTOTi 3yCTPiYaIbHOCTiI TEHOTHUIIIB Ta ajie-
J1iB mojiiMop@dismy rs 5186 rena ATIR B MOpiBHSHHI 3
KOHTpOJIEM, IO BiANOBiIa€e: KOAOMiHAHTHIN Mopei
ycnaakyBanHs BIII 0,31 (0,12-0,81); p=0,044; no-
MiHaHTHiA Mopeni ycmagkyBanHs 0,36 (0,15-0,89);
p=0,024; Han-goMiHaHTHiI Mopdeni ycnaakKyBaHHS
0,32 (0,12-0,80); p=0,012.

VY yonogikiB 3 JIH pu3uk HasiBHOCTi reTe€pO3UTOT-
Horo A/C reHotuIty nojiiMopdizmy rs 5186 rena ATIR
B 2,9 pa3u OUIbIIMWIA, HiX Yy TpyIi KOHTPOJIO (3a J10-
MiHaHTHOIO Mone/utio ycnaakyBanHs BII 0,24 (0,06-
0,77); p=0,05).

Cepen mamienriB 3 XXH III cr. renotun A/C no-
nimMopdismy rs 5186 rena AT1R 3Ha4yHO YaCTillle BUSIB-
JISIBCSL y YOJIOBIKiB, MOPiBHSHO 3 XiHKamu (BII — 3,33
(1,51-222,89), p<0,05).

Y xsopux Ha HH, HociiB C/C reHOTHITy MOJIi-
Mopdismy 1s 5186 reHa AT1R, MaloTh Miclie JOCTOBIp-

JlitepaTypa (References):

HO BUIIi MOKa3HUKU KPEATUHiHY, CEYOBUHU, TAKOX
Hwxua [IK®, nopiBHsiHO 3 reTtepo3uroramu A/C Ta
romosurotamu C/C, p<0,05. MIMOBipHO, HasIBHIiCTb B
reHoturi C anenst MOXe BBaXaTUCS HECTIPUSITIUBUM
(haKTOpOM 1100 MOTipIIeHHS (ibTpalliiHOl QYyHKIIIT
HUPOK Y TaHOI KaTeropii Nali€eHTiB.

XBopi Ha JIH, romosurotHi 3a anenem C reHa
ATIR, MaloTh JOCTOBIPHO BUIIi PiBHi aIbOyMiHY ceyi
Ta CITiBBiTHOIIIEHHS aIbOyMiH/KpeaTuHiH cedi, TopiB-
HsiHO 3 retepo3uroramMu A/C, p<0,05 Ta romo3uroTa-
MU A/A, 10 NEMOHCTpYE Oe33anepeyHunii HeraTUBHU T
BIUIMB HAa QYHKIIOHATBbHUI CTaH HUPOK Y 1Ii€] KaTero-
pii XBOpHX.

BusnaueHHs noniMopdizmy reHa ATIR y xBopux
Ha LyKpOBUil niabet y Tuiy 3 HedponaTi€o € HaTiil-
HUM iHCTPYMEHTOM ISl BUNUICHHS TPYNU PU3UKY MO
PO3BUTKY Ta BaXKoMy Tepe0diry niabetuuHoi Hedpo-
narii Ta JOMOMOX€e MPOBOAUTH iHAUBiAYyani30BaHy KO-
pexuito cxeMu (hapMaKoJIOTiYHOI Tepartii.

IlepcneKTUBHUM HANTPSIMKOM MONAJTBIIUX HAYKO-
BUX Ta KJIIHIYHUX TOCTiIKEHb € MOIIYK HOBUX MiAXO0-
JliB 10 AiarHOCTUKMU, JIiKyBaHHS Ta NpodilakTUKU Kap-
JiopeHalbHuX ypaxeHb ripu L1 2 Tumy.

KondJikT inTepeciB. ABTOpH 3asiBISIIOTh PO Bifl-
CYTHICTh KOH(IIIKTY iHTEpeCiB.

JIxxepena dinancyBannga. PoGora BHMKOHaHa B
pamkax HJIIP «Po3pobutn meroau Kopekiii ¢akTo-
piB KapAioMeTaboiYHOrO PU3UKY Yy XBOPUX XPOHiu-
HOIO0 XBOPOOOIO HMPOK B YMOBax BillHU Ta MiCJsIBO-
€HHOro 4acy» (peecTpaliiiHUuii HOMEp IOCTiIXEeHHS
01240U000252).
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Abstract. Chronic kidney disease (CKD) and end-stage kidney disease (ESKD) are
common complications of diabetes. Proteinuria is an early indicator of glomerular
basement membrane damage caused by diabetes, leading to diabetic kidney disease
(DKD). Edema, hypoproteinemia, and proteinuria are common characteristics of
DKD. Blood sugar and blood pressure control, along with early detection, are the
primary strategies for preventing DKD and slowing its progression.

This review examines and updates the epidemiology, pathogenesis, and prevention of
DKD. Various keywords and phrases are used to search Google, EMBASE, PubMed,
Scopus, and Google Scholar for the most recent articles published from January 2023
to December 2024.

Despite advancements in understanding DKD pathogenesis and the development
of novel therapies, the disease remains highly prevalent with poor outcomes. The
pathophysiology is still not fully understood, leading to gaps in prevention and treatment
strategies. Therefore, this review aims to explore these gaps and propose potential new
therapies and future research directions.

Keywords: diabetic kidney disease, diabetic nephropathy, pathogenesis, treatment,
prevention.
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33aranbHa gikapHsa Xaman, [loxa, Karap
4lenTpanbHa JikapHs, YHiBepcuret Tpinoui, Tpinoui, JliBis

Pe3stome. Xporiuna xeopoba nupox (XXH) ma ii mepminanvha cmadis € 00HUMU 3 HAUNOWUPEHIWUX | Halicepilo3-
HiWUX ycKaaoHeHb yykpoeoeo diabemy. OOHUM [3 DAHHIX MAPKePI8 YUIKOONCEHHS 2A0MepYAAPHOI 6a3aabHOTi MemOpaHu,
CHPUHUHEHO020 2inepenikemiero, € npoOMmeiHypis, wo cayeye KAn408um npeduKmopom po3sumy diabemu4Hoi xeopoou Hu-
pok ([IXH). Ocnosnumu xainiunumu o3naxamu JIXH e nabpsxoeuil cundpom, einonpomeinemis ma cmitika npomeinypis.

Konmponw pieHsa eaikemii ma apmepiaibHo20 MUCKy, @ MaKojic paHHE BUABAECHHS YPANCEHHS HUPOK 3ANUMAIOMbCS
Hapixnchumu npunyunamu npogpinakmuxu JIXH ma ynosinvhenns ii npoepecysauHsi.

1leii 0250 y3aeanvHioe ma oHO8AIOE Cy4acHi 0aHi wodo enidemionoeii, namoeeneszy ma cmpameeii npogiraKkmuxu
JIXH. Jlns ananizy 6UKOpUCmano HailHosiui Haykoei nybaikayii, onyonikoseani y nepiod i3 ciuns 2023 poky no epydets
2024 poky, winasixom nouyky 6 6azax danux Google, EMBASE, PubMed, Scopus i Google Scholar.

Tlonpu 3naunuii npoepec y docaidxcenni namoeenesy JIXH ma enposadicents HO8ImHIX mepanesmu1Hux nioxo-
dig, 3ax60p6aHHs 30epieae BUCOKY NOUWUPEHICMb i 3aAUUAEMBCS OCHOBHOK NPUYUHOIO DO3GUIMKY MePMIHANbHOT HUPKO-
60i Hedocmamuocmi. Heeusnauenicms deskux acnekmis namogbizionoeii JIXH cmeopioe npoeasunu y cy4acHux memooax
npoginakmuku ma AiKyeanus. Y ybomy Konmekcmi 0aHUil 0ens0 CAPAMOBAHULL HA BUCEIMAEHHS YUX NPO2AAUH MA 00-

2080PeHHS NOMEHYIHHUX MEPANeGMUUHUX cIpameziil i NepCHeKMUBHUX HANPSIMIE NO0aNbUUX 00CATONCEHD.
KnrouoBi ciioBa: diabemuuna xeopoba Hupok, diabemuuna Hegpponamis, namoeenes, AiKY8aHHs, NPOGiAaKmuka.

Introduction. Diabetic nephropathy or diabetic
kidney disease (DKD) represents the predominant eti-
ology of nephrotic syndrome (NS) in adults [1]. DKD
is a clinical syndrome delineated by persistent albu-
minuria (>300 mg/day or >200 pg/min) confirmed on
a minimum of two occasions of 3 to 6 months apart,
gradual reduction in glomerular filtration rate (GFR),
increased intraglomerular hydrostatic pressure [2].
Proteinuria was initially identified in diabetes mellitus
(DM) in the late 18th century. In the 1930s, the char-
acteristic nodular glomerulosclerosis lesions linked to
DM were characterized and connected with protein-
uria and hypertension (HTN). By the 1950s, kidney
involvement was recognized as a prevalent complica-
tion of DM, affecting up to 50% of people with diabetes
with DM for > 20 years. Recent studies have highlight-
ed atypical presentations of DKD, characterized by a
dissociation between proteinuria and decreased kidney
function. However, it is important to note that microal-
buminuria does not consistently predict DKD [3]. Most
cases of DKD exhibit proteinuria, which worsens as the
disease advances and is consistently linked to HTN.

Elmukhtar Habas
habas1962@gmail.com

DKD is presently the primary etiology of CKD in
the USA. and other Western societies. It represents a
major long-term complication regarding coexisting dis-
eases and death in diabetics. DKD represents the pre-
dominant etiology of end-stage kidney disease (ESKD)
in different parts of the world [4]. It represents approxi-
mately 80% of ESKD’s underlying causes in the USA.
The prevalence of renal failure (RF) is approximately
a sequence of DM-associated injury in 40% in type 1,
and 20 to 30% in type 2 DM patients. However, these
estimates may be underestimated [5].

RF in diabetics is notably prevalent among specific
ethnic groups, including Black individuals, Mexican
Americans, Polynesians, and Pima Indians. Risk fac-
tors include hyperglycemia severity and chronicity,
HTN, and dyslipidemia, including elevated serum cho-
lesterol and triglycerides [1]. Cigarette consumption,
renin-angiotensin-aldosterone system (RAAS) dysreg-
ulation, strong family history of DM, and genetic fac-
tors associated with reduced glomerular count are other
risk factors for RF in diabetics. Type 2 DM frequently
remains undiagnosed for several years, leading to DKD
within less than 10 years post-diagnosis [6]. Addition-
ally, ESKD typically requires at least 10 years following
the onset of nephropathy for its development [7]. DKD
pathophysiology is a multifactorial and complex pro-
cess, including metabolic, hemodynamic mechanisms,
dysbiosis, vascular, molecular, and inflammatory inter-
mediates and reactions [8]. DKD prevention or at least

YKPATHCBKUIN XXYPHOA HEPPOAOTT TO Aiaaidy N21 (85) 2025

LLIkona Hedponora 67



Nephrology School

Ukrainian Journal of Nephrology and Dialysis, 1 (85)2025

delaying its occurrence by good control of arterial blood
pressure and blood sugar are the typical measures [9].

In this concise review, we will review the epidemi-
ology, pathophysiology, prevention, and management
plans to prevent or minimize DKD occurring to improve
the outcomes, explore the gaps of all the mentioned
topics, and propose solutions and prospective research
projects. EMBASE, Google, Scopus, Google Scholar,
and PubMed were searched with different phrases and
keywords, such as diabetic nephropathy, DM renal or
kidney complication, DM and kidney, proteinuria in
DM, novel DKD therapies, and pathogenesis of DKD.
We concise the search period for published reviews and
original articles between January 2022 and 31 Decem-
ber 2024.

Epidemiology of DKD. DKD increases steeply in
correlation with the rapid increase of DM incidence
worldwide [6], especially in underdeveloped countries
where resources are limited [10]. Diabetes represents
a significant global health challenge. In 2021, 10% of
adults (537 million) were diagnosed with diabetes, with
projections indicating an increase to 783 million by
2045, representing a 46% rise [1], although approxi-
mately 50% of individuals with diabetes remain undi-
agnosed [11].

European nations have striking epidemiologic dis-
parities, ranging from Greece to 29/million population
in Ukraine [12]. European nations, notably Germany,
have more renal replacement treatment patients than
the US. DM was present in 59% of renal replacement
treatment patients in southwest Germany in 1995, with
90% having type 2 DM [13]. Even Denmark and Aus-
tralia, which have low rates of type 2 DM, have seen a
rise in ESKD. Asia has lower occurrence rates and prev-
alence of published data. Netherlands’s research sug-
gested DKD is underdiagnosed. It was noted that histo-
pathologic changes consistent with DKD in 106 of 168
individuals who have type 1 or 2 DM were confirmed
by renal tissue examination from autopsies. In 20 of 106
individuals, DKD was not noted [14].

In 2021, the prevalence of diabetes among adults
in the Middle East and North Africa (MENA) re-
gion was 73 million, with projections indicating an
increase to 136 million by 2045, representing an 87%
rise [11]. A study in Saudi Arabia reported that DKD
prevalence among Type 1 DM patients in Taif City was
23.7%, higher than the Saudi Arabian cohort average of
20.59%, which can be reduced by sugar and blood pres-
sure control [15]. In Qatar, DM prevalence is expected
to rise from 17.8% in 2023 to 29.5% by 2050 among
adults aged 20—79 [16], and obesity causes 57.5% of
Qatar’s DM pandemic [17]. The increased rate of DM
is associated with an increase in DKD risk, CKD, and
ESKD, increasing healthcare costs by more than a third
of the national health budget by 2050 [17].

In retrospective Chinese research, type 2 diabet-
ics with renal damage had a significant frequency of
nondiabetic renal illness. Renal biopsy revealed that
72.73% of 88 type 2 diabetics had non-diabetic renal

disease (NDRD), compared to 20.46% for DKD and
6.82% for complex NDRD. Most NDRDs were mem-
branous, IgA, and focal segmental glomerulosclerosis
[18]. In The Gulf Cooperation Council countries,
more than 30% of diabetics develop kidney disease,
making DKD a cause in 41% of dialysis-dependent
ESKD [19].

The average age of ESKD linked to DM is 60 years.
Although DKD is more common in elderlies who have
had type 2 DM for a longer time, the significance of
age in DKD development is uncertain. Early-onset type
2 diabetes among Pima Indians was connected with
an increased incidence of ESKD [20]. Furthermore,
Blacks, Mexican Americans, and Pima Indians with
type 2 DM had a 3- 6-fold greater rate of DKD than
Whites [4]. The significant prevalence of DKD in these
genetically diverse groups shows that socioeconomic
variables, including nutrition, poor hyperglycemia bal-
ance, HTN, and obesity, are key to its development. It
also suggests family grouping in certain people. Around
50% of Pima Indians with diabetes develop DKD by age
20, and 15% get ESKD. A systematic review of 32 stud-
ies from 16 nations [21]. Urban environments domi-
nated the research (90.6%). The assessment and clas-
sification of CKD varied greatly. Most studies (62.5%)
assessed kidney injury using urine protein. CKD preva-
lence ranged from 11% to 83.7%. Proteinuria caused
94.9% of incidents at 10 years, ESKD 34.7% at 5 years,
and nephropathy mortality 18.4% at 20 years. Diabetes
duration, blood pressure, age, obesity, and poor glucose
management often impact renal damage [21]. Another
review reported that in Africa, the CKD prevalence var-
ied from 2% to 41%, and among diabetics, it was 11 to
90%, and CKD is 11-20% prevalent in North Africa
[22].

Type 1 diabetes seldom causes DKD before 10
years. Overt nephropathy affects 3% of newly diagnosed
type 2 DM. Peak incidence (3%/year) occurs in people
with DM for 10-20 years, then falls. Patients without
proteinuria after 20-25 years had a 1%-year chance of
renal disease [4].

Pathophysiology of DKD. The pathophysiology
of DKD involves a complex interplay mainly between
metabolic, molecular, and hemodynamic mechanisms
that lead to kidney damage [23]. DKD pathogen-
esis is still unspecific due to its complicated etiology,
and understanding the pathophysiology helps tailor
DKD therapy [24]. Different pathways and media-
tors contribute to DKD development [25]. Renal he-
modynamic changes, overactive RAAS, inflammation
processes, gut microbiota, and oxidative stress are the
main mechanisms of DKD and kidney tissue fibrosis
[25, 26]. Hyperglycemia releases vasoactive media-
tors that dilate afferent arteriolar walls, while high local
angiotensin II levels constrict efferent arterioles, caus-
ing glomerular hypertension and kidney injury [27].
RAAS activation alters intraglomerular hemodynamics
and glomerulus and tubulointerstitium structure [28].
Oxidative stress damages kidney cells and activates im-
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munological pathways like inflammation and immune
reactions, causing proteinuria, faster tubulointerstitial

fibrosis, and ESKD [28]. The possible mechanisms of
interplay in DKD are represented in Figure 1.
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Fig. 1. Pathophysiological mechanisms of DKD. Abbreviation: GBM, glomerular basement membrane.

Metabolic mechanism for DKD. For a while, it has

been known that hyperglycemia induces glomerular
hyperfiltration, resulting in increased pressure and sub-
sequent injury to the glomeruli concept, which is ac-
cepted as the primary mechanism of DKD. The accu-
mulation of advanced glycation end products and acti-
vation of the RAAS exacerbates the DKD process [23].
The pathophysiology is intricate, encompassing protein
glycosylation, hormonally regulated cytokine forma-
tion and release (e.g., transforming growth factor-beta),
mesangial matrix deposition, and changes in glomeru-
lar hemodynamics, causing small vessel disease [23].
Hyperfiltration is the earliest functional abnormality
that can serve as a predictor for DKD progression to
CKD and ESKD [29].

Hyperglycemia induces glycosylation of glomeru-
lar proteins, potentially leading to mesangial cell pro-
liferation, vascular endothelial damage, and matrix
expansion [30]. The glomerular basement membrane
typically exhibits thickening. Lesions associated with
diffuse or nodular intercapillary glomerulosclerosis are
characterized by their distinct morphology; the nodular
glomerulosclerosis regions are commonly termed Kim-
melstiel-Wilson lesions [23, 31]. Marked hyalinosis is
observed in afferent and efferent arterioles, accompa-
nied by arteriosclerosis with extracapillary hypercellu-
larity and podocyte phenotype significant loss plus
severe podocyte-foot processes effacement [32]. Addi-
tionally, tubular atrophy and interstitial fibrosis may be

present. Mesangial matrix expansion is the sole factor
that correlates with the progression to ESKD, severe
proteinuria, and poor outcome [33].

Hemodynamic consequences of DM compromise
of increased intraglomerular and systematic blood pres-
sure [34], causing hyperfiltration [35]. Although the
mechanism is unknown, glomerular hyperfiltration
is the initial step in DKD, leading to increasing albu-
minuria, falling GFR, CKD, and ESKD. The pos-
sible mechanism is an increased efferent arteriole and
decreased afferent arteriole tone that raises the intra-
glomerular hydrostatic pressure, mostly due to RAAS
activation [23].

Hemodynamic mechanisms for DKD. These mecha-
nisms of DKD depend mainly upon the regional and
systemic RAAS activation [36].

Renin-angiotensin-aldosterone system (RAAS)
activation and intraglomerular pressure. The RAAS
activation strongly affects intrarenal hemodynamic
function. Furthermore, RAAS activation increases oxi-
dative stress, and inflammation [23]. In early DKD,
these mechanisms cause glomerular hypertrophy and
mechanical stress, which starts a profibrotic cascade
[37]. RAAS inhibition was reported to slow DKD de-
velopment and progression [38]. The activated local
renin system in the kidneys or enhanced intrarenal an-
giotensin II (AnglI) sensitivity may cause glomeruli hy-
perperfusion and increased intraglomerular hydrostatic
pressure [39].
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DKD experimental models consistently show
higher RAAS activation than confined paracrine RAAS
activation, including all cascade constituents and
phases. Juxtaglomerular cells produce prorenin, which
stimulates renin to activate the RAAS cascade, acti-
vating angiotensinogen conversion to Angl and then
to Angll by angiotensin-converting enzyme. RAAS
blocking was reported to improve DM-induced renal
injury outcomes, mostly due to its impact on systemic
blood pressure and intraglomerular hydrostatic pressure
[23]. It is documented that dual blockade is potentially
more effective than single blockage since angiotensin-
converting enzyme inhibitors (ACEis) and ARBs oper-
ate on distinct RAAS sites [23]. Early research revealed
ACEis and ARB may help DKD [23]; however, hyper-
kalemia and AKI make this combination risky [23].

AnglI stimulates an inhibitory G protein to acti-
vate the luminal membrane Na+/H+ antiporter and
increases phosphatidylinositol turnover [23]. The ad-
renal cortex secretes more aldosterone, which boosts
salt transport by the renal cortex collecting ducts. In the
proximal convoluted tubule (PCT), Angll decreases
proteinase activity and increases mesangial cell size by
reducing the plasminogen activator. Additionally, An-
gll increases vascular endothelial (ET) growth factor
and TGF-B1 release from the glomeruli epithelial and
mesangial cells, producing mesangial matrix expansion
[23]. Renal fibroblasts have Angll type 1 (ATI) recep-
tors and react to stimulation by proliferating, extending
the matrix, and manufacturing fibronectin, predomi-
nantly via TGF-j [23].

In DKD, AnglI directly stimulates inflammatory
cells, leading to chemotaxis and the synthesis of differ-
ent proinflammatory mediators. These factors involve
proliferation, differentiation, inflammation, and fi-
brosis [23]. Additionally, it was described that Angll
enhances insulin resistance [40]. In addition, DKD in
humans causes kidney RAAS changes, including en-
hanced local AnglI synthesis, proinflammatory marker
induction, and tubular cell activation, suggesting AnglI
is a mediator for initiating renal inflammation that may
explain RAAS blockade’s benefits [23].

Molecular mechanism of DKD. Hyperfiltration may
be caused by circulatory molecules that act mostly with-
in the glomeruli. Multiple mediators increase intraglo-
merular hydrostatic pressure by affecting efferent and
efferent arterioles’ tone. High levels of Angll, endothe-
lin (ET) 1, reactive oxygen species (ROS), and throm-
boxane A2 may increase efferent arteriole vascular tone
[35]. Conversely, decreasing nitric oxide, high cyclo-
oxygenase-2 prostanoids, atrial natriuretic peptide, ac-
tivating the kallikrein-kinin system, increasing insulin
levels and sensitivity, and angiotensin 1—7 might reduce
afferent arteriole resistance [35].

Another suggestion is that tubular processes drive
intraglomerular hydrostatic pressure [41]. At the early
stages of DM, glucose transport routes are activated
in the PCT, enhancing glucose and salt reabsorption
[41]. Moreover, sodium transport to the nephron’s late

portions diminishes, initiating tubule-glomerular feed-
back mechanisms that stimulate the afferent dilation
and constrict the efferent arteriole [42]. Furthermore,
SGLT2 enhances glucose reabsorption in the PCTs,
decreasing the macula densa sodium chloride concen-
tration [43], and leading to renin release and RAAS ac-
tivation. Additionally, reduced tubuloglomerular feed-
back, dilated afferent arterioles, and elevated Angll in
efferent arterioles cause vasoconstriction [44].

It was mentioned that insulin secretion increases
in the earlier phases of DKD. Insulin directly reduces
afferent arteriole tone. Hence, it was proposed that in-
sulin contributes to hyperfiltration by directly or indi-
rectly altering the intraglomerular hydrostatic pressure
[23]. Furthermore, insulin increase alone may boost
PCT salt and glucose transport and reabsorption by
PCT cells, promoting tubule-glomerular feedback [23].

Gut_microbiota and DKD pathogenesis. Growing
evidence indicates that gut microbiota plays a sizable
role in DKD progression, contributing to insulin re-
sistance, RAAS activation, immune responses, OXi-
dative stress, and inflammation. Therapies targeting
gut microbiota encompass dietary fiber, prebiotics,
probiotics, fecal microbiota transplantation, and dia-
betic agents that influence gut microbiota, including
metformin, sodium-glucose transporter-2 (SGLT-2)
inhibitors, glucagon-like peptide-1 (GLP-1) receptor
antagonists (GLP-1RAs), and dipeptidyl peptidase-4
(DPP-4) inhibitors [25].

The gut microbiota maintains a symbiotic (mutu-
alistic) relationship with the host under healthy condi-
tions [45]. Alterations in the normal microbiota com-
position, called gut dysbiosis, disrupt the balance and
lead to various disease conditions [46], including DKD
development and its progression [47].

Inflammation and fibrosis mechanisms in DKD.
DKD development involves interrelated pathways, and
inflammation is a key factor. DM causes inflamma-
tion via oxidative stress, ischemia, obesity, and cellular
damage [48]. These mechanisms produce inflammatory
molecules. The research found that CCL11 (a chemo-
kine) may negatively impact DKD patients’ GFR and
interstitial inflammation [49].

A new study found that IL-1a produced by renal
tubule cells, drives renal inflammation in DKD [50].
Additionally, IL-1a levels in DM patients’ urine and
plasma are related to and can be indicators of podo-
cyte and PCT epithelial cell damage [S1]. Even without
urine albumin, urinary IL-6 may help to diagnose DKD
[52]. IL-6 levels in DKD patients are elevated and asso-
ciated with increased glomerular basement membrane
thickness [23]. Additionally, The IL-6 and mRNA ex-
pression in the interstitial and glomerular cells in DKD
patients was linked to mesangial proliferation and renal
damage [23].

Furthermore, TNF-o is a vital transcriptional
regulator for inflammation induction [53]. High serum
TNF-a levels and its receptor in DKD patients indicate
renal deterioration and increased ESKD risk [54]. In-
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flammation causes macrophage and polymorphous in-
filtration, immune complex formation, and lipoprotein
oxidation [55]. This chronic inflammation increases
amyloid A protein synthesis and deposition, indicating
disease progression [55].

In addition, complement system activation strong-
ly affects DKD development. Persistent hyperglycemia
increases glycan and galactosamine-bound molecules
identified, activating complement [56]. New comple-
ment inhibitors may assist DKD patients, but they must
be carefully monitored for effects on infection and im-
munological complex disease vulnerability [23].

Deposition of extracellular matrix in the kidney
tissues may cause tubulointerstitial fibrosis or glomer-
ulosclerosis [55]. DM causes activated myofibroblast
infiltration, which is rare in healthy people. However,
myofibroblasts, notably epithelial to mesenchymal
transition when tubular epithelial cells become myofi-
broblasts in DKD, are still debated [23]. In late-stage
DKD, renal fibrosis is a major pathological change that
increases mortality. Different pathways and mecha-
nisms are involved in fibrosis in DKD patients [23].
These mechanisms or pathways significantly affect ex-
tracellular matrix formation, collagen and fibronectin
expression, and protein secretion [57].

Genetics and epigenetics of DKD. Histone modifi-
cations play a dedicated role in adjusting gene expres-
sion patterns associated with DKD progression [58]. It
was noted that specific histone modifications, including
acetylation and methylation, correlate with gene dys-
regulation with inflammation, oxidative stress respons-
es, and fibrosis in DKD [23]. The histone modifications
establish a molecular environment, facilitating pro-in-
flammatory and pro-fibrotic pathway activation, result-
ing in structural and functional alterations in diabetic
kidneys. Kidney tissues of DKD patients exhibited de-
creased H3 lysine 4 mono-methylation levels in podo-
cytes, glomerular, and tubular cells [59]. Additionally,
exposure to high plasma glucose levels during early life,
especially in fetal development, increases the likelihood
of adulthood type 2 DM [59]. Evidence indicates that
sustained hyperglycemia induces a “metabolic memo-
ry” via epigenetic changes in DKD, affecting gene ex-
pression [59]. The genetic and pregenetic role in DKD
pathogenesis might have a role; however, further large
cohort studies worldwide are required to prove this in-
terplay in DKD pathogenesis.

Endothelin 1 role in DKD pathophysiology. En-
dothelin system activation produces endothelin (ET)
peptides, of which ET-1 acts on ET A and B receptors
[60]. Endothelin system activation is tightly linked
to different chronic disease pathogenesis, including
CKD pathogenesis and progression, irrespective of
the primary cause [61]. ET-1 is a strong vasoconstric-
tor generated by endothelial, vascular smooth muscle,
epicardial, mesangial, kidney glomerular epithelial,
and medullary collecting duct cells [61]. ET-1 acts in
an autocrine or paracrine manner on two types of en-
dothelin receptors: ET-A receptors, which are found

on glomerular arterioles, podocytes, arcuate arter-
ies, mesangial cells, and the vasa recta in the kidneys.
On the other hand, ET-B receptors are present in the
collecting system of the nephrons [61]. ET-A recep-
tor activation induces vasoconstriction of efferent and
afferent vessels, matrix deposition, and cell prolifera-
tion. Conversely, ET-B receptor activation leads to ef-
ferent vasodilation, antifibrotic, and antiproliferative
effects [62]. Most forms of CKD enhance endogenous
kidney ET-1 synthesis, promoting CKD development
largely via ET-A receptor-mediated effects on the
renal microenvironment [62]. It was described that
plasma ET-1 levels are potentially linked to decreased
kidney function, albuminuria in DKD, and higher
ET-1 staining in kidney biopsies from IgAN patients
with proteinuria [61]. Furthermore, ET-1 activation
via the ET-A receptor causes renovasoconstriction
and angiotensin II overproduction, which increases
kidney ET-1 synthesis [61]. This positive feedback
loop promotes hypertension, endothelial damage, and
podocyte. In addition, ET-1 synthesis causes ETA
receptor-mediated mitochondrial oxidative stress in
glomeruli endothelial cells and glycocalyx loss [63],
promoting further kidney disease in diabetics and even
non-diabetics [61].

Clinical presentation of DKD. DKD has differ-
ent presentations that depend upon the stage of kidney
injuries [64]. The following conditions should always
be considered in differential diagnosis of proteinuria:
light-chain deposition disease, nephrosclerosis, idio-
pathic and secondary nephrotic syndrome, multiple
myeloma, myeloma kidney, renal vein thrombosis, re-
nal artery stenosis, HTN, especially renovascular HTN,
and tubular and interstitial kidney diseases.

Family history, personal history of DM, frothy
urine, increased urine frequency, and blurred vision are
indicators for DM, and they might be clues for diabe-
tes-kidney complications’ appearance. Edema of the
face, lower limb, or the whole body with increased body
weight can be evidence for proteinuria and increased
interstitial fluid content. DKD is typically diagnosed
following albumin detection by routine urinalysis in
diabetics.

Patients may exhibit physical findings related to
chronic DM, including the following: the presence of
HTN and its complications, and peripheral vascular
occlusive illness that is characterized by diminished pe-
ripheral pulses and carotid bruits new occurrence. The
presence of the fourth heart sound is noted during car-
diac auscultation, due to mainly overload and heart fail-
ure. Diabetic neuropathy is evidenced by reduced fine
sensations and decreased tendon reflexes. Chronic skin
ulcers and osteomyelitis appear in some patients. Type
1 diabetics with DKD exhibit indicators of diabetic mi-
crovascular disease, including retinopathy and neurop-
athy [65]. Retinopathy in these patients, the condition
generally occurs before overt nephropathy development
[65], and the converse does not hold. In advanced reti-
nopathy, a minority of patients exhibit glomeruli his-
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tologic changes and increased proteinuria, typically
within the microalbuminuric range. At the same time,
the majority show minimal or no renal disease, as deter-
mined by renal biopsy. On the contrary, diabetic type 2
patients exhibit significant proteinuria and retinopathy
generally present with diabetic nephropathy, whereas
individuals lacking retinopathy often demonstrate non-
diabetic glomerular disease [66].

Other long-term complications, including diabetic
foot disease and cardiovascular (CV) manifestations like
atherosclerosis, large and small peripheral blood vessel
diseases, and diabetes-induced chronic comorbidities,
should be thoroughly assessed. Regular checkups for
these complications improve early detection, lifestyle,
and survival rates and diminish diabetic complications.
Regular urine check-up for albuminuria is a good cheap
screen test for DKD. Protein (albumin)/creatinine ra-
tio and 24-hour total urine protein are evident measures
of the total protein loss. There are different approaches
for early detection and diagnosis of DKD. We found

different flow charts in different literature. After careful
consideration, the best of all most probably is the one
suggested by McGrath K & Edi R, 2019 review [67];
however, others have almost some recommendations
with some minor differences.

Management of DKD. The prevention of DKD
should be the objective for all diabetic patients [68].
While attaining this objective is challenging and may
be unfeasible for many diabetics, effective management
of the contributing variables would undoubtedly reduce
the onset of early DKD. Regular follow-up and multi-
disciplinary team collaboration are always required to
manage DM. Most experts and recommendations ad-
vocate maintaining glycosylated hemoglobin (HbA1C)
< 7.0%. Sustaining euglycemia diminishes microal-
buminuria but may not impede disease advancement
once DKD is established [64]. Normalization of lipid
profiles is essential for all diabetics to avert CV events,
fatty liver, and stroke risk [69]. Table 1 summarizes the
DKD therapy outlines.

Table 1

Summary of therapeutic options for DKD prevention and therapies

Intervention

Description

Diet and lifestyle .
exercise.

A high-fiber diet, low carbohydrates, low salt intake, and regular

Glycemia control

Tight glycemic control using oral hypoglycemic agents (e.g., GLP-1
receptor agonists, SGLT-2 inhibitors), insulin, and diet, along with
regular exercise.

Blood pressure control

Aggressive BP control aiming for BP < 130/80 mmHg. ACE
inhibitors and ARBs are first-line therapies. Calcium channel
blockers are second-line options.

Erythropoiesis-stimulating agents

Reduce the risk of fluid overload and heart failure. Evidence suggests
that erythropoiesis-stimulating agents may reduce the progression of
CKD in both diabetic and non-diabetic patients. Further studies are
required due to limited data.

Non-steroidal mineralocorticoid
receptor antagonists

Lower the rate of eGFR decline and progression to CKD and ESKD.
Can be used with a maximum dose of RAAS inhibitors.

Intermittent fasting, dietary composition control, high-fiber diet, and

el healthy fecal microbiota transplantation.
Indicated in patients with ESKD who have well-controlled blood
Kidney transplantation pressure and glycemia. Can be performed along with pancreas

transplantation.

Abbreviations: GLP-1, Glucagon-like peptide-1; SGLT-2, sodium-glucose co-transporter 2; ACE, angiotensin-converting
enzyme; ARB, angiotensin receptor blocker; CKD, chronic kidney disease; NS-MRA, non-steroidal
mineralocorticoid receptor antagonists; eGFR, estimated glomerular filtration rate; RAAS, renin-angiotensin-
aldosterone system; ESKD, end-stage kidney disease.

Diet and lifestyle modification. Diet modification
is an important intervention in DKD prevention and
progression reduction [47]. Restricting dietary protein
has varied outcomes. The American Diabetes Associa-
tion advises those with diabetes and evident DKD to
limit protein intake to 0.8 - 1.2 grams/kilogram of body
weight/day; however, extensive protein restriction is
inadvisable. Supplementation of vitamin D3 (partially

activated vitamin D), and sodium bicarbonate, admin-
istered to sustain a blood bicarbonate content above
22 mmol/L, may decelerate DKD and CKD develop-
ment. Therapeutic interventions for edema include the
following: salt restriction (e.g., < 2 g/day), fluid intake
restriction, and use of loop diuretics, when necessary,
with wise titration to prevent hypovolemia. Regular ex-
ercise is always advisable for DM and hypertension.
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Diet is the key external factor affecting gut mi-
crobiota composition [70]. High-fat and high-fructose
diets enhance uremic toxins, gut Lipopolysaccharides
microbiota, and insulin resistance [71]. Conversely,
high-fiber diets reduce systemic inflammation, lower
blood uremic toxins, and proinflammatory cytokines,
and reverse renal damage in CKD [79]. Recent re-
search showed that dietary fiber promotes short-chain
fatty acids-producing bacteria (hallii and Odoribacter),
reduces inflammatory and oxidative stress, ameliorates
diabetes-related dysbiosis, and prevents DKD.

Intermittent fasting or time-restricted food has
also been proven to prevent DKD by improving gut mi-
crobiota [71, 72]. B-hydroxybutyrate (3-HB), a key ke-
tone body produced by time-restricted eating (either by
fasting or eating fatty food), may reduce oxidative stress
and podocyte senescence in diabetic mice [72].

Fecal microbiota transplantation from healthy
donors restores microbiome dysbiosis [73]. Fecal mi-
crobiota transplantation from lean donors may enhance
insulin sensitivity and gut microbiota composition in
obese metabolic syndrome patients [74]. Current data
suggests Fecal microbiota transplantation may be safe
and successful for inflammatory and immunological ill-
nesses linked to gut microbiota changes [75], although,
in DKD treatment, the available data is very limited
[25].

Blood sugar control. Strict blood sugar control is an
essential strategy to decrease risk and prevent the pro-
gression of DKD [68]. Intensive glycemic control de-
lays albuminuria and eGFR decrease in type 1 and type
2 diabetes [68]. In early DKD stages, glycemic control
is fundamental to delay DKD development. Based on
the CKD stage, life expectancy, comorbidity load,
and hypoglycemia risk, KDIGO guidelines suggest a
customized HbA1C goal of <6.5% to <8.0% for DKD
patients not on dialysis [76]. DKD glucose-lowering
medications are chosen and dosed based on kidney
function assessment by eGFR, and agents having renal
and CV benefits [77]. Different agents can achieve gly-
cemic results. We will restrict our discussion to SGLT?2
inhibitors and GLP1 agonists only.

SGLT2inhibitors and GLP-1Ras. SGLT2 inhibitors
are indicated for type 2 diabetics but not for those with
type 1 DM or an eGFR of less than 20 mL/minl1.73
m?. Inhibition of the sodium-glucose transporter has
shown a decline along with kidney disease progression,
even post-kidney transplantation [78—80]. For most
type 2 diabetics with DKD, SGLT2 inhibitors with re-
nal benefits are advised for eGFR >20 mL/min/1.73
m?, regardless of HbAIC or glucose reduction needs
[81]. Strong evidence intimates that SGLT?2 inhibitors
and RAAS inhibitors reduce DKD development, heart
failure, and atherosclerotic CV disease risk in DKD pa-
tients due to type 2 DM [80].

DKD is a CV disease risk factor. Kidney GLP-1R
distribution is contentious. GLP-1Rs are described in
the kidney cortex and PCT; however, others did find
GLP-1R in the nephron tubules [82]. Another report

revealed that the renal tubules lack GLP-1R, while the
renal vasculature does [83]. Monoclonal antibodies
against GLP-1R showed that it is mostly in renal vas-
culature [84]. Interestingly, nicotinamide adenine di-
nucleotide phosphate (NADPH) oxidase inhibition via
averting renal oxidative stress by GLP-1RAs reduces
further DKD progression [82].

A Comparative Effectiveness (GRADE) Study
found no differences in kidney outcomes for type 2 dia-
betics receiving sulfonylureas, DPP-4 inhibitors, GLP-
1 receptor agonists, or insulin glargine with metformin
[85]. A meta-analysis showed that SGLT?2 inhibitors
and GLP-1RAs improve cardiorenal outcomes in type
2 DM [86].

GLP-1RAs are frequently utilized to treat type 2
DM. Clinical and experimental research showed that
GLP-1RAs benefit DKD via natriuresis, anti-inflam-
matory, and anti-oxidative stress, regardless of their
glucose-lowering ability. Furthermore, GLP-1RAs in-
hibit kidney fibrosis. In T2D patients at elevated risk for
CVD, GLP-1RAs improve kidney outcomes in recent
clinical studies. These data imply that GLP-1RAs may
reduce DKD development and progression. GLP-1RAs
lower albuminuria but their impact on ESKD develop-
ment is unknown [82], and this issue is worth investi-
gating.

In major CV outcome studies [68, 87], GLP-1 re-
ceptor agonists improved secondary kidney outcomes
(albuminuria progression), but primary renal outcome
data is unavailable. As an add-on to first-line glucose-
lowering treatment (SGLT?2 inhibitor plus metformin),
GLP-1 receptor agonists are preferred in type 2 DM
and DKD patients who do not reach glucose objec-
tives or have persistent albuminuria [68, 81]. Although
SGLT2 inhibitors’ glucose-lowering effects decrease
with eGFR, their cardiorenal advantages remain.

GLP-1RAs increase glucose-dependent insulin
secretion and decrease glucagon release to enhance glu-
cose metabolism, and SGLT?2is acts mainly by impair-
ing the filtered glucose and sodium by the PCT cells.
The SGLT2i and LP-1Ras are recommended over sul-
fonylureas, which have a higher risk of hypoglycemia
adverse effects, especially in CKD.

In summary, despite the conflicting reported data
about the effectiveness of GLP-1Ras, they benefit DKD
prevention and progression. Hence, further projects are
required to explore these issues in large studies.

Blood pressure control. Aggressive management of
HTN, commencing with RAAS inhibition, is strong-
ly advised for all diabetic patients, with a target of
blood pressure < 120/80 mmHg. Blood pressure below
130/80 mm Hg was recommended by some authors,
while several experts now advocate for a threshold of
<140/90 mmHg. Others advocate for a blood pressure
range of 110 - 120/65 - 80 mm Hg, especially in indi-
viduals with protein excretion over 1 gm/day. Inter-
estingly, others assert that blood pressure levels below
120/85 mmHg correlate with heightened CV mortality
and heart failure [88].
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RAAS inhibition. RAAS system activation is a main
player in DKD pathogenesis because it causes system-
ic and intraglomerular hypertension. Consequently,
ACEis or ARBs are the preferred antihypertensives be-
cause they lower blood pressure and proteinuria while
decelerating the advancement of DKD. ACEis are of-
ten more cost-effective; however, ARBs may be utilized
as an alternative if ACEis induce intolerable adverse
effects. Treatment should begin at the detection of mi-
croalbuminuria, irrespective of the presence of HTN;
several specialists advocate the use of these drugs even
before the manifestation of kidney involvement by
DKD. Most individuals require diuretics with angio-
tensin inhibition to achieve the targeted blood pressure
levels. The dosage should be reduced if orthostatic hy-
potension symptoms or serum creatinine persistently
rises above > 30% of the baseline levels.

Calcium channel blockers. Non-dihydropyridine
calcium channel blockers, like verapamil and diltiazem,
possess antiproteinuric and renoprotective properties
and may be utilized if proteinuria does not significantly
diminish upon achieving target blood pressure or as al-
ternatives for patients who have contraindications to
ACE inhibitors or ARBs, like hyperkalemia or chronic
non-productive cough. On the contrary, the dihydro-
pyridine calcium channel blockers (e.g., amlodipine,
nifedipine, and felodipine) do not diminish proteinuria;
nevertheless, they serve as beneficial adjuncts for blood
pressure management and provide cardioprotection
when used with ACFEis. Nondihydropyridine calcium
channel blockers and ACEis have augmented antipro-
teinuric and renoprotective effects when administered
together, with their antiproteinuric efficacy further
augmented by sodium restriction, leading to leg edema.
Nondihydropyridine calcium channel blockers must be
used cautiously in individuals on beta-blockers due to
the risk of exacerbating bradycardia.

Endothelin _receptor antagonists (EtRA). EtRAs
represent a potential therapeutic option due to their
effects on the pathophysiological processes involved
in diabetes mellitus (DM)-associated kidney injuries.
Endothelin-1 (ET-1) is primarily generated by the
endothelium of small blood vessels, vascular smooth
muscle, epicardium, mesangial layers, kidney glo-
merular epithelial cells, and medullary collecting duct
cells [61]. It exerts its effects autocrinely or paracrine-
ly on two types of endothelin receptors: ETA and ETB
receptors, as described in the pathogenesis section.

There is good evidence about the benefit impacts
of ETRAs in heart failure with excessive fluid retention
[61]; in contrast, there is not much data in CKD about
the ETRAs, and the study period was short (on average
16 weeks). All seven previously reported studies showed
consistent albuminuria effects but not eGFR effects.
Only the SONAR and ENABLE studies give long-term
renal endpoint data, and the ENABLE study uses se-
vere adverse event reporting for kidney failure data. The
DUPLEX, PROTECT, and ALIGN studies will give
long-term proteinuria reduction and eGFR decrease

data to understand ERA kidney protection better [61].
New therapies that slow CKD progression are intrigu-
ing. Strong clinical evidence shows that ERAs, particu-
larly selective ERAs, added to standard-of-care may
reduce albuminuria and preserve the kidneys over time,
making them an appealing therapy for non-diabetic and
diabetes-associated CKD. Therefore, further studies are
required to investigate the long-term impact of ETRAs
on CKD and DKD development and progression.

Non-steroidal mineralocorticoid receptor antagonists
(NS-MRA) therapy.

Type 2 diabetics with DKD may reduce renal and
CV risk using the NS-MRA agent, such as finerenone.
Finerenone lowers the risk of sustained eGFR decline,
progression to ESKD, nonfatal myocardial infarction,
CV death, and heart failure hospitalization for type 2
diabetics who have CKD [68]. Finerenone can be used
in type 2 diabetics with eGFR >25 mL/min/1.73 m?2,
normal serum potassium, and albuminuria (UACR >30
mg/g) even with maximally tolerated RAAS inhibitors
[68].

Kidney transplantation. Kidney transplantation,
without or with concurrent or later pancreas transplan-
tation, is a viable alternative for individuals with ESKD.
Studies reported variable results. The five-year survival
rate for type 2 diabetics after kidney transplantation is
around 77%, in contrast to 88% for patients without di-
abetes. At five years, kidney graft survival rates are more
than 97% for life and 77% for dead donor transplant re-
cipients [89—91]|Swanson KJ, Aziz F, Garg N, et al.
Outcomes after simultaneous kidney-pancreas versus
pancreas after kidney transplantation in the current era.
Clin Transplant. 2019;33(12.

Outcomes. Proteinuria predicts morbidity and
death risk. Microalbuminuria and macroalbuminuria
are 30—35% common in the two main types of DM. In
DM, microalbuminuria and macroalbuminuria raise
the death rate from any cause and independently pre-
dict CV morbidity. In the non-diabetic population,
microalbuminuria increases coronary disease and CV
mortality risk. The low relative death rate is in patients
without proteinuria, whereas those with proteinuria
have a 40-fold higher risk [92]. Type 1 DM patients
with proteinuria had a bell-shaped connection between
DM duration/age and death, peaking at 34—38 years.
ESKD kills 59-66% of type 1 DM and nephropathy
patients. The 5-year survival rate in Germany reported
research was fewer than 10% for elderly type 2 diabetics
and 40% for younger type 1 patients. Type 1 diabetics
with proteinuria had a 50% cumulative rate of ESKD
10 years from proteinuria start, compared to 3-11% in
European type 2 DM patients [93].

A study found in type 2 diabetics that diabetic
retinopathy is a strong predictor for ESKD progression
[94]. Jiang et al. found that type 2 DM patients with
more comorbidities had a greater risk of DKD progres-
sion. After dividing the study’s patients into four groups-
low comorbidity/low treatment, low/high treatment,
moderate/high insulin use, and high/moderate treat-
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ment. The researchers found 5-year DK progression
rates of 11.8%, 18%, 16.5%, and 27.7%, respectively
[95]. Another study found that type 1 diabetics with
macroalbuminuria are at increased risk for ESKD de-
spite transplantation and dialysis [96]. Although both
types 1 and 2 DM cause ESKD, most individuals have
type 2. The percentage of type 1 DM patients who suffer
renal failure has decreased in recent decades. However,
20-40% still have the ESKD risk. On the other hand,
10-20% of type 2 diabetics develop uremia. In contrast,
15—25% of DKD and type 1 DM patients die from CV
disease despite the early age of type 1 development.
Another newer study reported the cumulative ESKD
risk was 2.2% and 7% after 20 and 30 years respectively
from the DM diagnosis [97]. The last study concluded
that ESKD cumulative risk has diminished noticeably
during the last 50 years, emphasizing the critical role of
advancements in DM and DKD therapy.

Gaps and prospects in DKD. DKD is poorly un-
derstood and needs more studying. Although impor-
tant determinants and biomarkers have been identified,
understanding molecular processes, and developing
tailored therapeutics is still challenging. The intricate
relationship between genetic predisposition and envi-
ronmental variables in DKD development and progres-
sion is interesting. Future DKD management requires a
comprehensive strategy. This involves adapting thera-
pies to genetic, molecular, and clinical traits.

In DKD, precision glucose management and nov-
el inflammatory and fibrosis treatments are essential.
RAAS pathway regulation is crucial. Further research
has shown significant promises for SGLT2is and GL-
PRASs receptor agonists, despite the different gaps dis-
cussed earlier.

Studying combo therapy, such as ETRAs and
SGLT2is, may improve results in DKD patients.
The clinical feasibility of novel medicines depends on
rigorous efficacy and safety needs for further research
projects.

A ntOPN (a glycoprotein) increases kidney tissue
injuries. The ntOPN can be used as an early biomarker
and possible therapeutic target to reduce DKD fibrosis
and inflammation. Pharmacological interventions must
be accompanied by patient education and collaborative
care. Diversity in clinical trials must be fostered. These
comprehensive strategies that combine medication,
customized medicine, and modern technology to en-
hance DKD outcomes and quality of life require further
research.

In summary, delayed diabetes diagnosis, late DKD
discovery, inefficient glycemic and blood pressure con-
trol, insufficient kidney protection, and inadequate
care for severe CKD increase ESKD risk. Although
novel treatment models and procedures have been built
to overcome these issues, they are not routinely and
efficiently used. To improve patients’ care, we recom-
mend focusing on DKD awareness, access to timely ev-
idence-based care, inclusive patient-centered care, and
complex disease management evidence. Patients and

their families must be central to these activities. New
interventions are available, but due to DKD pathogen-
esis gaps and scanty research data in DKD, further in-
vestigatory projects for pathogenesis and new therapies
are highly recommended.

Limitations. Composing one review on a prevalent
condition is arduous. The incidence of this condition
is escalating in correlation with the growing frequency
of DM. A good volume of literature has been published
about DKD. It is exceptionally hard to include the pub-
lished studies on epidemiology, etiology, prevention,
and therapy options in a single complete review. While
certain aspects were overlooked, we tried to focus on
the facts, gaps, and foundations of DKD pathophysiol-
ogy, prevention, and essential therapies to the greatest
extent feasible.

Conclusions. Diabetes is a global affliction that
continues to increase annually. The prevalence of dia-
betic kidney injury in diabetics continues to rise. Dia-
betic kidney disease physiologically arises from altera-
tions and imbalances in metabolic and hemodynamic
variables, yet other factors may also contribute. The
interplay of several elements in DKD is the most widely
accepted view, rather than attributing it to one cause.
Preventing DKD is the optimal strategy; nevertheless, it
is often not feasible. Therefore, controlling blood sugar,
managing blood pressure, and controlling other param-
eters are optimal strategies to postpone the most severe
impacts of diabetes. New biomolecular-based research
projects are necessary to assess the pathogenesis, treat-
ment, and outcome of DKD.
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Abstract. Despite significant advancements in prolonging transplanted kidney function,
its survival remains limited to approximately 10— 12 years. Notably, the transplanted
kidney function begins to decline progressively after the first post-transplantation
year. The deterioration in graft function is driven by two primary categories of factors:
immunologically mediated and non-immunologically mediated causes.

Delayed graft function (DGF) serves as a quantitative and qualitative integrative
manifestation of both immunological and non-immunological mechanisms, exerting
a profound influence on both short-term and long-term transplant outcomes. The
contribution of each factor is highly individualized for every recipient and fluctuates
throughout the post-transplantation period. However, studies specifically addressing
the non-immunological determinants of graft longevity, including the onset of DGF,
remain scarce.

This review systematizes key non-immunological determinants as potential therapeutic
targets, which are crucial for timely intervention and the extension of transplanted
kidney function. Maximizing graft longevity requires the identification of therapeutic
targets and effective strategies to modulate both immunological and non-immunological
factors in both the donor and the recipient.

This analytical review aims to identify non-immunological determinants whose
retrospective and prospective investigation may help establish therapeutic targets for
prolonging transplanted kidney function.

Keywords: kidney transplantation, delayed graft function, ischemia-reperfusion
injury, therapeutic targets.
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M. Konecnuk, H. Crenanosa, JI. Kopoas, 1. Iligpic, P. 3orpa6’su, O. Boponsk

HeimyHnoonocepeakoBaHi 1eTepMiHAHTH TPUBAJIOCTI (PYHKIIOHYBAHHS
TPAHCIJIAHTOBAHOI HUPKH

Y «HauionanbHuit LeHTp Xipyprii Ta TpaHcrianTonorii imeni O.0. [laximoBa HAMH Ykpainu»,
KwuiB, Ykpaina

Pestome. Hessancarouu Ha yenixu w000 no008iceHHs Mpueasocmi QYyHKUiOHY8aAHHA MPAHCHAAHMOBAHOT HUPKL,
80Ha cKAadae, y cepednvomy, aume 10-12 pokie. IIpu ybomy mpueanricmo QYHKYIOHY8AHHS MPAHCHAAHMOBAHOI HUPKU
NPOCPeCUBHO HUICYEMDBCS 8Jice NICAs nepuio2o poKy mpancnaaumauii. Ilpoepecyroue 3uudiceHHs QYHKYIOHANbHOI 30am-
HOCMIi MPAHCHAGHMOBAHOI HUPKU 00YMOBAIOEMbCSI 080MA OCHOGHUMU 2DYNAMU NPUHUH. HEIMYHOONOCEPEOK0BAHUMU MA
iMyHOOROCEpeOK08aHUMU.

Biocmpouena gyuxuis mpancnaaumama (B@PT) € KinvKicHum i SKICHUM [HMeE2PANbHUM NPOSIBOM K IMYHOONO-
CepedK08aHux mak i HeiMyHoonocepeOK08aHUX MeXaniamie, Kompa cymmeeo eniusac Ha KOPoOmKoCmpoKkogi ma 006820-
cmpokoei pesyabmamu mpancnaaumauii. Ilumoma éaea KoxcHoi cKaad080i y KOHKPemH020 peyunieHma iHougioyanvra
[ BMIHIOEMBCS NPOMALOM YCbO20 NICASMPAHCHAAGHMAYITH020 nepiody. Pobim, npucésyeHux aU3HaA4eHHI0 HeIMyHOONOCe-
PEOK08AHUX OemepMIHAHM MPUBANOCMI YHKUIOHY8AHHS MpaHcnaAaHmamy 3a2anom i eunukHenuss BOT y momy uucai,
Hebazamo. Y ybomy 0eas0i cucmemamu308ani KAOUY08I HeIMYHOONOCEPeOK0B8AHI OemepMIHAHMU K MONCAUB] mepanes-
MUYHI MileHi, Wo € BUHAYANbHUM 0451 CBOEUACHO20 NOYAMKY NIKYBAHHA MA NOO0BICEHHS MePMIHY (DYHKUIOHY8AHHS
MPAHCNAAHMOBAHOI HUDKU.

OuesuoHo, wo Ha cb0200HI MAKCUMAALHOZ0 PE3YAbMamy uo0o mpueaiocmi QPYHKYIOHY8AHHSI MPAHCHAAHMOBAHOT
HUPKU MOJICHA 00Csiemu 6CIMAHOBUBUIL MEPANe8mMU1Hi MiuieHi ma epeKmueHi cnocobu 6naugy Ha IMyHO ma HeiMyHOOno-

cepedko8ari ckaadosi Ik 0oOHOpa mak i peyinienma.

Mema anasimuunozo 0eas0y — 6U3HAUUMU HEIMYHOONOCEPEOKOBAHI OemepMIiHaHmMu pempo ma NpoCneKmugHe
BUBUEHHS AKUX 003604UMb 3ANPONOHYEAMU MePaneemuyHi MiuieHi 045 N0008ICeHHS QYHKYIOHYB8AHHA MPAHCHAAHMO-

B8AHOI HUPKU.

KmouoBi cioBa: mpancnaianmauis nupku, eiocmpouena QyHKuia mpancniaumama, iwiemiyHo-penepgysiiine

NOUWIKOOMNCEHHS, MepanesmuyHi MiuieHi.

Beryn. Hessaxarouu Ha yCHiXu 100 MOAOBXEH-
HSl TPUBAJIOCTI (PYHKIIIOHYBaHHSI TPaHCILUIAaHTOBAHOI
HUPKHU, BOHA CKJIada€, y cepeaHboMy, auiie 10-12 po-
KiB. IIpu uboMy TpuBalicTh DYHKIIIOHYBaHHS TpaH-
CIUTAHTOBAHO1 HUPKM MPOTPECUBHO 3HUXKYETHCS BXE
Micjas mepuIoro poky TpaHcIiaHTauii. Ilporpecyroue
3HUXXEHHS (PYHKIIOHAIBbHOI 3MaTHOCTI TPAHCILIAHTO-
BaHOI HUPKU OOYMOBJIIOETHCSI IBOMA OCHOBHUMMU TPYy-
naMu IPUYMH: HEIMyHOOIIOCePeIKOBAHUMMU Ta iMyHO-
OIoCepeIKOBAHMMU.

BinctpouyeHna ¢yHkuis tpaHcruiantata (BOT) €
KiJIBKiCHUM i SIKiCHUM iHTETrpaJIbHUM ITPOSIBOM SIK iMYy-
HOOIOCePEeIKOBAHUX TaK i HEIMYHOOMNOCEPEAKOBAHUX
MeXaHi3MiB, KOTpa CyTTEBO BILUIMBAE Ha KOPOTKOCTPO-
KOBi Ta JMOBTOCTPOKOBi pe3yJbTaTW TpaHCIJIaHTALlii.
ITutomMa Bara KOXHOI CKJIaJ0BOi Y KOHKPETHOTO pelu-
Mi€eHTa iHAUBiAyaJlbHA i 3MiHIOETHCS TTPOTSIITOM YChOTO
nicasTpaHcIuiaHTaliiiHoro nepiogay. PoGit, mpucss-
YEeHUX BUBHAYEHHIO HEIMYHOOTIOCEPEIKOBAHUX AETEP-

MuxoJa KojecHuk
mykola.kolesnyk@outlook.com

MiHaHT TPUBAJIOCTI (PYHKIIIOHYBAHHS TpaHCIUIAHTATy
3arajioM i BuHuKHeHHsI BDT y ToMy yucii, Hebararo.

HeimyHoJsoriuHi neTepMiHaHTU BKJIIOYAIOTh M-
POKMIA CIIEKTp CKJIaIOBUX, aCOLiiOBAaHUX 3 TOHOPOM
Ta PEUMITIEHTOM: TOCTpEe UM XPOHiUHE 3allajieHHs,
OKCHUIaTUBHO-aHTUOKCHUIAHTHI MOPYUIEHHS, CTaH Mi-
KpOOiOTH IMXaJTbHMX LIJISAXiB, KiliKiBHMKa i T.11. [1-3].
[HiianpHUM € imeMiyHo-pernepdy3iiiHe MOIKOIKEH -
Ha (IPII), sike € mMycKOBUM MeXaHi3MOM OKCHUIATUB-
HOTO CTpecy, 3allaJieHHsI Ta TMOIIKOIXEHHS KIITUH
KaHajbleBoro emitenito Hupku [1, 4, 5]. Kpim Toro,
BiKOBa Ta KJIiHiYHA XapaKTepUCTUKa JOHOpPA i peLui-
€HTa, TPUBAJIICTh TEIJIOBOI i XOJOMOBOI illleMii Ta Me-
TOJM KOHCEpBallil HUPKU, TaAKOX BilirparoTh BaxJIUBY
pousib y po3Butky BOT [1, 6].

Ha BinMiHy Bil iMyHOJIOTIYHUX, OiIBIIICTh HEIMY-
HoJIoriyHUX (hakTopiB € MOAUDIKOBAaHUMU, 110 CTBO-
PIOE MOXJIMBOCTI JIS1 iJIbOBUX BTPyYaHb, CIIPSIMOBa-
HUMX Ha ITOKpalleHHs pe3yJbTaTiB JikyBaHHs [2, 3].

MeTa 1bOro aHAJITMYHOIO OIJISIAY POOIT, MpHU-
CBSIYEHUX HEIMYHOJIOTIYHUM JeTepMiHaHTaM TpUBa-
JIOCTi (YyHKIIIOHYBaHHSI TpaHCIUIAaHTaTy, chOpMyBaTH
nporpaMmy IOJAbIIOr0 PeTOpPO Ta MPOCIEKTUBHOTO
JIOCJiIXKEHHs IS BCTAHOBJEGHHS TepaneBTUYHUX Mi-
IIeHe TMOMOBXEHHS TPUBAJOCTI (DYHKIiIOHYBaHHS
TpaHCIUIaHTATY.
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Busnauenna ma rkainiuna 3nauywicmy BDT.
Tepmin «BOT» BUKOPUCTOBYETHCS IJIST OTIACY He3aT-
HOCTi TpaHCIJIaHTOBAHOI HUPKU (PYyHKIIOHYBaTU 0€3-
nocepenHbO Mic/s TpaHCIUIaHTAallil BHACTiIOK illleMiu-
HO-penepdy3iiitHoro abo iHILIOro MOLIKOIXEHHS [2, 7,
8]. Kuiniuno, BOT € rocTpuM MOMIKOIKEHHSIM HUP-
ku (I'TTH) micns TpaHCIUTaHTallii HUPKU Ta MOTpedye
3aCTOCYBaHHS [MiaJli3HOI HUPKOBOI 3aMiCHOI Teparil
(AH3T) [3, 9, 10]. Lle yckinagHeHHs BUHUKAE y 4% —
50% peuumienTis [7, 8, 11, 12], taka cyTTeBa Bapia-
TUBHICTh YacToT BDT 3a maHMMM pi3HUX TOCIIIKEHb
MOSICHIOETBCS BiICYTHICTIO €IMHOI CTaHIapTU30BaHO1
nediHilii uporo crany. HasiBHi migxoau 1o AiarHOCTU-
ku BT 6a3ytoThcsl Ha MIBUAKOCTI MiABUIIIEHHST KOH-
LIeHTpallii KpeaTUHiHy CUPOBaTKU, 00’€My BUIUICHHI
cedi Ta HeOOXiAHOCTI Miali3y y pi3HUX CIiBBiIHOIIEH-
Hsx [13].

HaiinomupeHiluuM IiarHOCTUYHUM KPUTEPIEM €
HEOOXiAHICTh MPOBEACHHS Miali3y MPOTSAroM MEPIIUX
7 mHiB micas TpaHcmnanTauii [1, 2, 3]. [Iporte, Takuit
Oigxig Ma€e 3HauyHi OOMEXEeHHSI, OCKUIbKM MOKa3aHHS
N0 iani3y y paHHbOMY IicCasTpaHCIIaHTaLliiHOMY T1e-
pioni He cTaHIApTU30BaHi Ta BapilOIOTh 3aJIEXKHO Bij
MPOTOKOJy TpaHCIUTaHTaliiiHoro neHtpy [14]. Kpim
TOro, JesiKi MmokKasaHHs 0 Jiallizy, Taki sIK rimepka-
JlieMisl, rinepBojieMiss abo auumo3, He 0OOB’SI3KOBO
CBimuaTh Mpo MOpylIeHHs (YHKI1 TpaHCIUIaHTAaTa.
MopanbHiCTh Ta TPUBAJIICTD Aiaji3y repea TpaHCIIaH-
Talli€l0 TAKOX MOXYTb BIJIMHYTU Ha NOTpedy B Aianisi
micas TpaHcrutanTatii [ 15]. Hacamkinenpb, Kepyoouuch
TaKUM BU3HaYeHHSM, miarHo3 BT moxe OyTth BcTa-
HOBJIEHO i3 3aTPUMKOIO JJO OJHOTO TUXKHS, 1110 3HUXKYE
CBOEYACHICTD JIIKYBaHHS Ta YCKJIAAHIOE BUKJIIOUECHHS
IHIIMX TPUYUH 3HUXEHHS (YHKIUii TpaHCIUIaHTaTa,
TaKUX SIK TOCTPE BiATOPTHEHHSI a00 TOKCUYHICTb iHTi-
6iTopiB KangbHeBpHuHY [13].

OnHUM i3 OCHOBHMX JiaTHOCTUYHUX KpPUTEPiiB
B®DT 3a xiHeTwKoOIO ejiMiHallii KpeaTWHiHYy, CIYIYye
BiICYTHICTb HOTO 3HMXEHHSI B CHUPOBATLi KPOBi Ha
10% mpoTSIrOM TPHOX THIB TOCTIiIb Y TIEPIIUIA THXICHb
micis tpanciutanTauii [10, 13]. Ipore, y nauieHTiB 3
BUCOKHMM TOYAaTKOBUM PiBHEM KpeaTUHiHY ab0 HasiB-
HUMU CYNYTHIMU 3aXBOPIOBAaHHSIMM KiHETHKa Kpea-
TUHiIHY MOX€ HE€ Bi[AIOBiIaTW TUMOBUM MOKAa3HUKAM.
Kpim Toro, rigparauisi, 06’eM LUPKYJIIOOUOI KPOBi Ta
MPUIAOM JIiKiB MOXYTb BIJIUBATU HA PiBEHb KPEATUHi-
Hy i T.4. Ha OLiHKY (GyHKIii TpaHcmianTara [10, 13].

O06’eM cedoBUAIEHHS B Teplii 24 TOOUHU Micas
TPAHCIUIAHTALlil TAKOX € BaXJIMBUM NiarHOCTUYHUM
kputepiem BOT [13, 16]. OnHak, BiaCYTHiCTb €nu-
HOTO TMiAXOQy AO BU3HAYEHHS €(EKTUBHOrO PiBHS
Jliype3y Ta Bapiallii r[paHUYHUX 3HAYEHb Y Pi3HUX AO-
CTIIKEHHSX, YCKIAAHIOITh ioro 3actocyBaHHs [17].
JonaTKoBUMM MEPEUIKOIAMU € BapiaOeIbHICTh 00’ eMy
cevi yepe3 3aIMIIKOBY (DYHKIIif0 HATUBHUX HUPOK Ta
MOXJIUBiCcTh HeoJiirypuuHoro I'TITH; mis BusHaueHHs
B®T 06’em cedi moeaHyIOTh 3 TOAATKOBUMU KPUTEPi-
SIMU, - TUHAMiKa KpeaTUHiHy CMPOBAaTKU Ta/a0b0 HeoO-
xigHicte giamisy [10, 13, 16, 17].

BigcyTHicTh €AUHOTO CTAaHAAPTU30BAHOTO BU3HA-
yeHHs1 BOT ycknamgHIoe MOPiBHSIHHS pe3yIbTaTiB 10-
CJIiIXXKEeHb Ta PO3pOOKY €(MEKTUBHUX TepareBTUUHUX
crpateriii. AHaniz 22 kputepiiB BOT BusBuUB 3HaUHY
BapiaTUBHICTh YACTOTU LILOTO YCKJIAMHEHHS 3aJIE€KHO
Big obpanoro miaxoay [13], mio e pa3 migKpeciIuio
HeOoOXigHICTh cTaHHapTU3alii Bu3HaueHHs BOT.

3i 3pOCTaHHSM KUIBKOCTi TPAHCIUTAHTALLi BiJl 10-
HOPIB i3 3yMUHKOI0 KpoB0o0oOiry (donors with circulatory
death, DCD) i Takux, gKi BillMOBigal0Th PO3IIMPEHUM
kpurepisim (expanded criteria donors, ECD), vacto-
ta BOT 36inbimnack [18]. BOT cyTTeBo ycKiIaaHIOE
paHHIN MiCASATpaHCIUIAHTAL[IWHUI Tepiof, MOAOBXKY-
I04M TPUBAJICTb rocmiTajizalii Ta MiABUIIYIOYU BU-
Tpatu Ha JikyBaHHs [19]. [IpoTe, KiiHiYHe 3HAUEHHS
B®OT Buxomuth 3a paMKM paHHBOTO TiCJsONeparliii-
Horo mepiony. Okpim I'TTH 3 HeoOxigHicTIO miani3y,
BOT miaBuilye pu3WK XpOHIYHOTO BiATOPTHEHHS
tpaHciutanTata [1, 6, 7, 20], a TakoX acOLilOEThC i3
PO3BUTKOM XPOHIUHOI HedponaTii ajoTpaHCIIJIaHTaTa
Ta MepeayacHolo BTpaToto oro dyHkuii [21, 22]. Taxk,
HelloJaBHiM MeTa-aHali3 38 gochigXeHb BUSIBUB,
0 TMamieHTH, gKi nepeHecan BDT, manm migBuiie-
Huit pusuk rocrporo (OR 1,84; 95% CI, 1,30-2,61; P
< 0,01) i xponiunoro (OR 3,38; 95% CI, 1,85-6,17; P
< 0,01) BinTOprHeHHsI aJOTpaHCIUIAHTAaTa Ta CMEPT-
Hocti (OR 2,32; 95% CI, 1,53-3,50; P < 0,01) uepes
pik micas TpaHcmiaHTalii [23]. PeTrpocnieKTUBHE O-
CJIiIXKEHHS, MPOBEJEHE 3 BUKOPUCTAHHSIM JAHUX PE€E-
ctpiB PinnsHaii Ta CIIA, sike oxormioBaio noHan 64
000 maiieHTiB, moxkasano, uo 10-piyHa BUKMBaHICTh
TpaHCIUIaHTaTa OyJja 3HAYHO HMWKYOIO Y TMAali€HTIB 3
BOT (51%) nopiBHSIHO 3 TUMHU, XTO MaB aJeKBaTHY
paHHIO (YHKIIiIO0 TpaHcIutaHTaTta (66%) [11]. IMoBip-
HICTh BTpaTu ab0 CMEPTi TpaHCIUIaHTaTa Oyjia BUILOIO
y naiieHTiB 3 BOT, HaBiTh Micis KOpUTYBAaHHS TaKUX
(akTopiB, K 4Yac XOJOMOBOI ilIeMii, iHAEKC JOHOP-
CbKOTr0 MPOdiio HUPKU i XapaKTEePUCTUKU PELIUTTiEH-
ta [11].

TakuM unHOM, BOT 3HaYHO BIUIMBAE HA KIIiHIUHI
pe3yJbTaTu TPaHCIJIAHTAlil HUPKU Yepe3 3HUKEHHS
BUDKMBAHOCTI TpPAHCIUIAHTATa, MiJABUIIEHHS 4YacTOTU
TOCTPOTO Ta XPOHiIUHOTO BinToprHeHHs [23]. Po3yMmiH-
HS naTodi3ioNoriYyHUX MeXaHi3MiB Ta pPU3UK-(PaKTO-
piB BOT Mae BupimanbHe 3HAYEHHST U1 OTITUMIi3allii
nepuTpaHCIUIaHTALIIMHOTO Tepioay Ta JOBrOCTPOKO-
BUX CTpaTeriii JiKyBaHHS.

Ilamodghizionoeia BDT. BOT € Hacmigkom maTo-
(diziosoriuHux npouecis, ooymosneHux IPIT (puc. 1).
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MoWKOAKEeHHA HUPKOBUX KaHanNbLiB Ta eHA0TEeNIo

Puc. 1. IMaTodizionoriuni mexanizmu I1PTI.

IPIT BUHMKa€ BHACTiAOK MPUITMHEHHS KPOBOTOKY
JIO TPAHCIJIAHTATYy Mij Yac BWJIYYEHHS OpraHy Ta ioro
30epeXXeHHs B YMOBaX X0JIOJOBOI illeMii, a TaKOX ITiJl
yac BiIHOBIIEHHS repdysii micas TpaHcriaHTauii [4,
5, 24]. Ha erami imemii mopylleHHsI KpOBOTOKY IO
TPAHCIUIAHTOBAHOI HUPKU CHPUUYUHSIE AeDilUT KUC-
HIO Ta €Heprii, 1110 aKTUBYE aHaepOOHUI MeTaboJIi3M
i MIPU3BOAUTH A0 HAKOMMYEHHS JaKTaTy, BUUEPIIaHHS
3anaciB ageHosuHTpudochary (ATD) i mopylieHHs
ionHoro romeocrasy [1, 4, 5]. [ligBuieHWi BHYTpilLI-
HBOKJIITUHHUI PiBeHb KaJbllil0 aKTUBYE MPOTEA3U, Ji-
Ma3u Ta eHIOHYKJea3u, 110 CIPUIMHSE YIIKOMKEHHS
MeMOpaH, miToxoHapii i sgepHoi IHK [1, 4, 5].

Penepdysisi cynpoBOIKYEThCS MAaCUBHUM YTBO-
peHHsAM akTUBHMX (opMm kucHio (ADK), iHiliroe
OKCUIATUBHUI cTpec [25, 26]. Lle, v cBoio uepry,
aKTUBYE 3amajibHi peakilii, SIKi BKI0UalTh CeKpellilo
Mpo3anajbHUX UTOKiHIB, TaKUX sK iHTepaekkiH (1JT)
-1, -6, dakrop Hekposy mnyxauH anbda (PHII-o),
a TakKoX aKTHBAlil0o cucTeMM KomruiemeHty [1, 4,
24]. 3okpema, aktupailisi Toll-ogiGHUX peLieNnTOPiB
(TLR), Hanpuxian TLR-4, iHilitoe iHTEHCUBHY 3a-
MaJbHY BiJIOBiAb, 1110 TOCWIIOE YIIKOMXEHHS KJIITUH
TpaHcIUiaHTaTy. Y BignoBinb Ha IPIl eHmotenianbHi
KJIITUHU TaKOX MPONYKYIOTh XeMOKiHMU, SIKi 3a71y4aloTh
HelTpodinu Ta Makpodaru. i kiniTuHM iHDITBTPYIOTH
TpaHCIUIaHTaT, BUALIsgoun npoteasu, ADK i mizoco-
MaJjibHi (DEpPMEHTH, 110 AOJATKOBO MOCUIIOE MOIIKO-
JKeHHsI TKaHuH (4, 24, 25].

MikpoBackyyisipHa JUCOYHKIIS € BaXXJIMBUM
koMmItoHeHTOM Tatodizionorii BAOT. IPI1 cipuuuHsie

VIIKOIXXEHHSI €HIOTeNil0 CYAWH TpaHCILJIaHTaTy, 10
MPU3BOIUTS A0 MOPYIIEHHS MiKpOLIMPKYJIsii [24, 25,
27]. AKTuBalisg €HAO0TENiI0 MPU3BOAUTh 10 €KCIIpECii
MOJIEKYJI a[are3ii Ta BUBIJIbHEHHS MeiaTOpiB 3amajeH-
Ha. g enporeniasibHa OTUCOYHKILISI MOPYIIYE HOP-
MaJIbHy (GYHKIi0 CyIWH, CIpUSOYM po3BUTKY BOT
Ta JOBrOCTPOKOBIiN nucdyHKuii TpaHcmiadTara [1, 3,
24, 27]. Kpim Toro, eHgoTesianbHa TUCHYHKIIS Cy-
MPOBOIXYETHCSI MiIBUIIEHUM YTBOPEHHSIM (haKTOPiB
3ropTaHHS KpoBi, TakuX 5K (akrop Bimrebpanaa, 1o
cripusie TpoMGoyTBopeHH0 [28]. [MopylieHHs GanaH-
Cy MiX TpPOKOAaryJsIHTHUMM Ta aHTMKOAryJISIHTHUMU
daxkropamu crnpusie GopMyBaHHIO MiKpOTPOMOiB, SIKi
0JIOKYIOTh KPOBOOOIT i MepelKoAXKaloTh BiTHOBJIECHHIO
HUPKOBUX CTPYKTYp [27, 28]. B moganbiiomy 1ie crnpu-
YUHIOE 3HAYHE MOPYLIEHHS TOMEOCTa3y PiluHU B Op-
raHi3Mmi, akTUBALlil0 PEHiH-aHTiIOTEH3UHOBOI CUCTEMU
(PAC) Ta 3MiHU €JeKTPOJITHOIO i KUCIOTHO-TY>KHOTO
bamancy [29].

MeTabosiuHuii auuao3 € OOHUM 3 (PaKTopiB pu-
3UKY AMCPYHKIIT TpaHCIJaHTaTa B JOBTOCTPOKOBil
MepCreKTuBi. Y pelumieHTiB MeTaboJiuHUI anuao3
CIIpUYMHEHUI 30e01JIbIIOr0 iMyHOCYIIPECUBHOIO TEpa-
mi€to, illleMi€lo Ta BiITOPTHEHHSM ajJoTpaHCIUIaHTaTa
[2]. CBoro uacy, Ilapk Ta iH. MPOBENM AOCTIIKEHHS,
1[0 TTOKAa3aJi0 3aJIEXXHICTh MiX TSKKIiCTIO MeTaboJiv-
HOTO allMa03y Ta MPOrpecyoyoro AUCGhYHKILEI ano-
tpanciuiantata [30]. B iHmoMy mociimkeHHi aBTOpH
JNIOBEJIU, 110 METaOOJiUHUIA alua03 MiABUIILYE PUUK
cMeptHocti [31]. B HemaBHBOMY paHIOMi30BAaHOMY
nocnimxkeHHi Preserve-Transplant Study mono Kopek-
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1ii MeTaboiYHOro aluao3y 3a JA0IOMOrow 0Oikap6o-
HaTy HaTpil0 y pelIUMNi€HTIB HUPKOBUX TPAHCILIAHTATIB
JNOCTiAHUKY HEe BUSBWJIU MepeBar B Cpobi YOBiTbHU-
TU 3HUKEHHS PO3PaXyHKOBOI IIIBUJIKOCTI KIIYyOOUKOBOT
dinprpanii (LKD) [32].

EniTeniii kaHanblliB Ta €HOOTENialbHI KJIITUHU
CYIMH TpaHCIUIAaHTATy € OCHOBHUMU MileHsmu [PIT,
a 1X MOLIKOIXXEeHHS € XapakTepHolo o3Hakoio BOT [1,
4, 5, 24]. Buacnigok imemii KaHaubLEBUI emiTesin
MepexoauTh Ha aHaepoOHWIT MeTabosi3M, IO MpU-
3BOJIUTH O HAKOMIUYEHHS JIAKTaTy, 3HUXKEHHS PiBHS
AT® T1a nopylieHHs iOHHOTO roMmeocrasy [4, 5, 24].
Lle, B cBOIO 4epry, BUKJIMKAE HAOpSK KJITUH, MOPY-
meHHs1 ¢GyHKIIi iOHHUX HacociB (Hampukianm, Na+/
K+-AT®a3n) [5, 25, 26].

Y cBolo uepry, MOLIKOMXEHHS KaHAJbIIiB MPU3BO-
JIUTHh 10 HAKOMTMYEHHS TOKCUYHUX MPOAYKTiB METa00-
JIi3My, SKi MOLIKOMAXYIOTh €HAOTENil i MOCUIIOTh 3a-
NaJbHY BiAMOBiAb. JAUCYHKILiS eHIOTENiI0 CIPUUYNHSIE
MOTipIIeHHsI KPOBOOOIry Ta rinonepdys3ilo KaHAIbIIIB,
1110 YCKJIAJHIOE iX BiTHOBJICHHS Ta CIIPUSIE MTOAATBIIOMY
nopyLeHHo GyHKIi TpaHcruianTaty [4, 25, 27].

Heimynoaoziuni demepminanmu BDT. 1x ymos-
HO KJacu@ikyloThb 32 TpbOMa OCHOBHMMMU KaTeropi-
SIMU: JOHOp-acolliloBaHa, pPEUMITiIEHT-ACOLliloBaHa
Ta niepuornepaitiiina BAOT. Ha croromHi icHye 3HauHa
KiUJIBKiCTb TOCITiIXKE€Hb, MPUCBIUYEHUX MTPOTHO3YBAHHIO
puszuky BOT, mo oXOIumooTh SK TpamauliiiHi, Tak i
HeTpanuliiHi ¢pakTopu. HallGinb gocainkeHi 3 HUX
y3arajibHeHo B Tabjauii 1.

Tabauys 1
Heimynonoriuni ¢pakropu pusuky BOT
Bignomenns mancis (OR)
DaKTop pU3HKY Omuc a0o BigHocHui pu3uk (RR) Jxepeno
Ta 95% /1
Jlonop-acouiiioBaHi
. . OR: 1,79 (1,49; 2,16)
Bik noHopa >60 pokiB RR: Tizsumenuii [8, 29]
Inpexc macu tina noHopa | IligBuIlleHHS HAa KOXEH KT OR: 1.06 (1,01; 1,12) na [30]
i JIOHOP VIBHIL KOXEH KT/M

KpeaTuHin qoHopa > 177 MKOMITb/T OR: 2,75 (1,08, 3,73) [31]
Ingekc nmpodinst noHopa | >85% OR: 1,01 (1,01; 1,01) [4]

JoHop BikoM > 60 pokiB abo cTapiie

50 poxkiB 3 2 i3 HACTYIHUX 3 O3HaK:
I8 ) e (1) BUCOKMI apTepialbHUii THCK B ORE 2,24 (1,13; 4345) [18. 32, 33]

aHaMHe3i, (2) KpeaTUHiH CUPOBATKU RR: [TigBumeHunit

>132,6 MKMOJIb/71 Ta (3) CMEPTh

BHACJIiIOK iHCYJIBTY.
Yac TerioBoi itemii 20—40 xBuIMH OR: 1,11 (1,03; 1,17) [34]
JucraHiis . e .
T G JloBLIMI Yac TpaHCTIOPTYBaHHSI RR: [TigBuieHumit [1]
PenunienT-aconiiioBani
EtnHiuyHa mpuHanexHicTh | A¢ppoaMepuKaHChKa OR: 1,26 (1,14; 1,40) [35]
Cratb Yonosiku OR: 1,43 (1,31; 1,57) [35]

. .. IlepuToHeanbHMI Aiani3 3HUKYE PUITK . .
MogaabHiCTh miami3y T s e crseh & sy opkuieny OR: 0,54 (0,41; 0,63) [36]
Hac nepeysarns Ha TMoHaz 3 poku OR: 1,07 (1,02: 1,12) (15,37, 38]
Jiamisi
e > 30 Kr/M2 OR: 1,41 (1,25; 1,59) [35]
penuItieHTa
. . . . . OR: 1,37 (1,32; 1,54)

CynyTHi 3axBoptoBaHHs1 | JliaGeT Ta apTepiaibHa rinepTeH3is RR: Mixsumenmii [8, 35]
oo PerpaHcrmaHTalis ORS 2’256 (1,29; 5107) [37, 38]
TpaHCIUIaHTAlLlii RR: [TigBuimeHmit
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IIpoodosxcenns mabauyi 1

Binnomennsa mancis (OR)
DaKTop pU3NKY Omuc a0o BignocHmit pu3uk (RR) Jxepeno
Ta 95% A1
Ilepuonepauiiini
XoJIomoBa imemis > 18 roguH OR: 3,38 (1,57; 7,27) [39, 40]
lnoTepMiuHa MallIMHHA . .
nepdysisi 3HUXKye pu3nk BOT OR: 0,45 (0,24; 0,84) [41]
InTpaonepauiiiHa rimoreHsis <55 Mm OR: 1,85 (1,47: 2,32) [42]
PT. CT. >5 XB
KapnianbHuii iHmekc > 4,25 n/x8/M OR: 0.42: (0,19: 0,94) [43]
. 3HUXKy€E pu3nk BOT
TemonuHamiuHa
HecTabuIbHICTD IIBT <8 Ta >11,7 mmHg OR: ITigBumeHmit [44, 45]
ligparauis <50 ma/Kr OR: 3,71 (1,68; 8,61) [46]
Kpucranoinu 3arxytots pusuk BOT | RR: 0,82 (0.69; 0.98) [47]
3acTocyBaHHs (eHinehpuHy OR: 2,22 (1.04; 4.82) [48]
Komb6iHoBaHa aHecTe3ist | 3arajibHa + perioHapHa aHecTe3is OR: 3,81 (1,71; 9,19) [46]
HedpoTokcuuni IHTiOiTOPM KAJIBIIMHEBPUHY, OR 3,34 (1,14; 10,48)
. . . - . [46, 49]
JIiKapchKi 3aco0m AHTUOIOTHKU RR: [TinBuieHunii

BinbuiicTe 3 HaBeneHux y Tabauui 1 ¢akropiB €
JIo0pe 3aJ0KYMEHTOBAaHMMU, TOMI SIK IesKi 3 HUX 3a-
JIMIIAIOThCS CYMEPEYIUBUMU a00 BilIpi3HSIIOTHCS MixX
JTOCTiIXEHHSIMHU, 110 YCKAAAHIOE (DOPMYBaHHS €AMHOT
CTpaTerii MporHo3yBaHHSI.

Jlonop-acouitioeani demepminanmu BDT. SIxictb
JIOHOPCBKOT'O OpraHy BM3HA4ya€ BipOTiIHICTb BUHUK-
Henns B®OT [1, 3]. 3okpema, 3HayHy yBary mOCJiI-
HUKIB IIPUBEPTAE BiK JOHOPA, OCKIJIbKM € BaXKJIMBUM
IPEAMKTOPOM pe3yiibraty TpaHciuiadTauii [33]. Panni
JOCTiIXKEHHS TTePEKOHINBO JEMOHCTPYIOTH TipIi 6e3-
rocepenHi pe3yJabTaTy TpaHCIUIAHTALIii BiJ CTaplIOTO
Biky goHopa [34]. Bik moHopa moHax 50 pokiB 4acTo
acouitoeTbed 3i 3HMKeHHsIM LK ® ta 3 komop6inHoo
MaTOJIOTiEI0, BKIIOUAIOUM IiabeT i apTepiajibHy Tinep-
tensiro [33, 35]. OnHak cy4yacHi gaHi cBizyaTh, 1110 I10-
XUJINH BiK caM 1o co0i He € BU3HAYaIbHUM (DAKTOPOM,
a Moro BaXKJIMBiCTb MOCUJIIOETHCSI B MOEIHAHHI 3 iH-
IIMMU HECIIPUSITIMBUMU XapaKTePUCTUKAMM, TAKUMU
SIK BUCOKUH iHAeKC mpodino noHopa Hupku (KDPI)
i TpuBanmit yac xonogosoi imemii [11, 36]. Ilpore i B
LIbOMY NTUTaHHI iICHYIOTb NIeBHi po30ixkHOCTi. Moreso 3i
crniBaBTOpaMu, MPOAEMOHCTPYBAJIH, 1110 Y PELIUIIi€HTIB
HUPKOBOTO TPaHCIJIAHTATY Bill JIITHIX JOHOPIB BILJIUB
TPUBAJIOCTI XOJOMOBOI illleMii Ha PU3UK BUHUKHEHHS
B®DT He OyB BUILIMM MOPIBHIHO 3 HUPKAMU BiJ TOHO-
piB BikoM 50-64 pokiB a6o HaBiTe DCD goHopis [34].
Gallinat Ta iHIIi B OJHOLIEHTPOBOMY PETPOCIIEKTUB-
HOMY IOCJiIXeHi BUZHAYMIIM, 110 OPTaHU HaBiTh Bif
JNIOHOPIB CTaplLIMX 3a 75 pOKiB, ajie 3 KOPOTKUM 4acoOM
XO0JIOMOBOI illIeMil Ta BiICYTHICTIO illIeMiuHOI XBOpOOU
cepus i 370KiCHUX HOBOYTBOPEHb, MalOTh HU3bKUIA
pusuk BDT [37]. Binbuie Toro, Nassiri Ta iHiui BU3Ha-
YUJIM, 1110 BiK JOHOpA Ta Yyac X0JI0A0BOI illleMii He Oy

nporHocTuyHuMu o3Hakamu BDT (OR 0,86 (95% Al
0,33; 2,25) Ta OR 1,19 (95% 11 0,58; 2,26) Binnosia-
Ho) [38].

Tun noHOpCTBa TaKOX Biirpa€e BUpIlIadbHY POJIb
y pusuky po3Butky BDPT. IIpomeMoHCTpoBaHO, 110
DCD nonopctBo Mae 3HauHO Bulnii pusuk BOT mo-
PiBHSHO 3 JOHOPCTBOM IIiCJISI CMEPTi MO3KY, IO IO-
SICHIOETbCSI TOJATKOBUM YacoM TEIUIOBOI ileMii Ta,
BignosinHo, po3sutkoM IPIT [39, 40]. BonHouac, 3a
JNaHUMU OKPEMUX JOCTiIKEHb, JOBIOCTPOKOBI pe3yib-
TaTW TaKUX TPAHCIUIAHTALill MOXYTb OyTU TOPiBHSIH-
HUMHU 3 pe3yJbTaTaMU BiJ JOHOPIB 3a CTaHIAPTHUMU
KpUTEpisIMUA, 3a YMOBU KOPOTKOIrO Iepiody Terioi
imewmii [40]. IMoxi6Hum ynHomM ECD moHopu Tta mo-
Hopu 3 BucokuM KDPI acoritoiorbes 3 miaBUIEHUM
pusukoM BOT, o BigoOpaxae 3arajibHy 3HUKEHY
gakictb ux opradis [41, 42]. Y oMy KOHTEKCTI, IIe-
penTpaHCIUIaHTaliliHaA OioICiss HUPKU MOXe OyTU BU-
KOpHMCTaHa SIK CKJIaZoBa OLIHKMU gKOCTi oprany [43].
[lepeaTpaHcniaHTaliiiHy Oiomcir0o HUPKW 3a3BUYaid
OILIIHIOIOTH 3a JOIOMOTOIO CHeliaIbHUX IIKaa abo iX-
Hix MoaM@ikauiii, AKi BKJIIOYAIOTb aHali3 BiICOTKY
IJIOMEPYIOCKIIepO3y, CTYIEeHsSI iHTepCTULiiHOTO ]i-
O6po3y, arpodii KaHaANBLIIB Ta apTepiaIbHOTO CKJIEPO3Yy
[44, 45]. BriM, DOCTOBIpHIiCTb i IMPOrHOCTUYHA LIiH-
HiCTh LIMX JAHUX 3aJIMIIAIOThCS MPEAMETOM JIUCKYCIil.
Binbuiicte momnepeaHbLO 3amMpPONOHOBAHUX MOJIEEH
MPOrHO3yBaHHS HE Majld MPSMOTO 3B’S3KY i3 BUXU-
BaHicTio TpaHcrianTara [43]. [IpoTe BaxauMBO 3a3Ha-
YUTH, 1O TiCTONOTIYHE NOCTiIKEHHS TKAHUHU HUPKU
3a0be3neuye 00’€KTUBHY OLIIHKY CTaHy OpraHy, sIKe He
MOXHAa OTPUMATH JIMIIIE 3 KJTiHIYHUX JaHUX a00 (PyHK-
LiOHAJBHUX AOCHIIKEeHb HUPOK, JJIs LIbOTO 3a3BUYaii
3acTocoByeThed wiKajga Kapnincekoro-Pemyiii [46].
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Xipypriuni dakropu puzuky BOT:

BUKOHAHHS TpaHCIUIAHTALil HUPKHU i3 KiJIbKOMa
HupkoBumu aptepismu (KHA) € noTeHUiiHUM
dakropoM pu3uky BOT 3a paxyHOK 30iIbIIICHHS
yacy TeIUIoBOi ilieMii Ta 30UIbIIyE YacTOTy BU-
HUKHEHHS CYIUHHUX YcKIaaHeHb [47, 48];
BUKOHAHHS TpaHCIJIaHTalil MpaBoi HUPKU 4Yac-
time npu3BoauTh 10 BDT mopiBHsSHO 3 TpaH-
CIUTAHTALI€I0 JIiIBOI HUPKU Bill TOrTO X JOHOPA,
1[0 MOB’SI3aHO 3 TEXHIYHUMU TPYIHOLIAMM IIiJ
yac TpaHCIJIAHTallii MPpaBoi TOHOPCHKOI HUPKWU,
Y 3B’3Ky 3 KOPOTIIOI HUPKOBOK BEHOIO MPaBOi
Hupku. OJHAaK i BITMiHHOCTi He € 3HAYHUMU, Oa-
raTo B YOMY 3ajeXaTb BiJ XipypriuHoi TeXHiKu, a
JIOBTOCTPOKOBE BUKMBAHHS TPAaHCIUIAHTATA JIiBOL
Ta IpaBoi HUPKU € eKBiBaJleHTHUM [49];

TeXHika He(peKTOMii y JOHOpa - JaMarnocKomiy-
Ha, pobOT-acucToBaHa 4u BimkpuTa. JloHOpChKa
HedpeKToMisl JOCTOBIPHO HE BIUIMBaJIa Ha 4acTO-
Ty BOT, He3Baxkaouu Ha Te IO pOOOT-acUCTOBA-
Ha HedPEeKTOMisl CYMPOBOIXYETHCI HAWAOBIIUM
YyacoM TeII0Boi imemii [50].

JlamapockoniyHa a6o poOoT-acucToBaHa JOHOP-
cbKa HepekToMis Maja neBHi nepesaru. Cnocrepira-
JIU MEHIIl iIHTEHCUBHUI OOJbOBUII CUHIPOM y TOHOpPA
Ta TPUBAJICTh Oro mepedyBaHHA B cTailioHapi. Yac-
TOTa TepuonepaliiHuX yCKJaAHEHb 3 HEOOXiIHiCTIO
MOJANbIIOr0 BTpyYaHHsI, Oyjia eKBiBaJIeHTHOIO 3a OyAb
SIKOI METOAMKU JOHOPCHKOIO BUIIydeHHsI HUPOK [51].

Peuunienm-acouiiiosani demepminanmu BDT.
OpgHuM i3 HaliBaXxuMBimux mnpeaukTopie BOT BBa-
JKAEThCS TPUBAJICTb Ta MOJAJILHICTDb Aiai3y A0 TpaH-
crianTanii. IlpogemoHcTpoBaHo, mo pusuk BOT
3HAYHO MiABUILYEThC micas 2,9-3,1 pokis JJH3T [15,
52], roni sk I1J]-1ikyBaHHS 3Ha4HO Oro 3HUXKYe [53].
Kpim Toro, yonosiua ctath Ta appoaMeprKaHChbKa €T-
HiYHa MPUHAJEXHICTh ACOLIIOIOTHCS 3 BUIIUM PU3U-
KoM BOT, 1mo MosICHIOETBCS CKIIATHOIO B3aEMOIIEIO0
0i0JIOriYHUX, IMYHOJIOTIYHUX Ta COLiaJIbHO-€KOHOMiU-
Hux (akropis [1, 6, 52, 54].

3rimHO 3 maHWUMU AocCigKeHb, yactora BOT y
YOJIOBIKiB 3HAYHO BMINA, HiX y XiHOK (27,1% mpotu
21,8%) [55], 1110 MOB’A3y10Th 3 (Hi3i0NOTIYHUMHU Ta Me-
TabOJIIYHMMHU BiIMiHHOCTSIMU MixX cTaTsimu [56]. Top-
MOHaJIbHi BiIMiHHOCTi MiX YOJIOBiKaMU Ta XiHKamu
TaKOX MOXYTb BiflirpaBaTH poJib, X04a MPSIMUI BIUIUB
LIbOTO MEXaHi3My 3aJUILAETHCS HENOCTaTHbO BUBYE-
HUM [56].

HocnimkeHHsST JeMOHCTPYIOTh, 1o yacTotra BT
cepen adpoaMepUKaHCHbKMX PELMITIEHTIB CTAHOBUTH
34,3%, Toxi gk cepen 6imnx — 10,2% [57]. Bumwmii pi-
BEeHb CEHCUOTi3allil Yepe3 monepeaHi TpaHCIUIaHTallil,
MepeJvuBaHHS KPOBi Ta 4acTi BariTHOCTi, 30UIBIIYIOTh
PU3MK TOCTTPAaHCIUTAHTALIIMHUX YycKiaagHeHb [57].
Kpim Toro, 0iojioriuHi BiAMiHHOCTi MiX €THIYHUMU
rpynaMu, 3HA4YHO BUIIA 3aXBOPIOBAHICTh Ha HAialbeT i
apTepiajbHy TilepTeH3il0 Ta coliaJbHO-eKOHOMIUHi
daxkTopu, Taki K OOMEXEeHMI NOCTYyN A0 MeAUYHOIL
JIOTIOMOTH, AOBIII TPUBAICTh Aialidy Ta OUiKyBaHHS

TpaHCTUIAHTAllli MOXYTh BIUIMBAaTU Ha 4yactoTy BOT
i€l eTHiuHOI rpynu [58].

IHIIMMU TOBEIEHUMU PELIMITIEHT-ACOLIHOBAaHUMU
dakTopamu pusuky BOT € mguciimigeMis Ta OXUpiH-
He. Jucninigemis Moxe po3BUHYTHUCS SIK de novo mic-
JIsl TPaHCIUIAHTAllii, TaK i MOXe OyTH yCKJIaTHEHHSIM
XpPOHiuHOT XBopoOu HUpoK [59] [MoTeHwiiHI MpUIMHN
rinepiinifeMii y pelMITiEHTIB BKIIOYAIOTh AIi€TY, TeHe-
TUYHY CXUJIbHICTh T4 iIMyHOCYITPECUBHI JIiIKapChKi 3aCO-
6u. HagmipHe clOXMBaHHS HAaCUYEHUX XUPIB 3 DKEIO
Ta po3Jaay XapuyBaHHSsI, HU3bKa (pi3nuHa aKTUBHICTb Ta
MaJIOPYXJIMBUM CITOCIO XUTTS COPUSIIOTH MiABUILEHHIO
ingekcy Macu tina (IMT) a6o oxupintio [60]. THIMM
BaroMuMm (haKTOpPOM PO3BUTKY AUCHIMiAeMii € 3aCTo-
CyBaHHSI iIMyHOCYNpecUBHUX 3aco0iB. Tak, Moka3aHo,
10 3aCTOCYBaHHS ILMKJIOCIOPUHY TiABUILYE PiBEHb
3arajJibHOro xosiectepuny, xosiectepuny JITIIAHIII i
xojiectepuHy JITTHII[ 1muisixom 3HUXKEHHSI eKcrpecii
peuenropi JITTHIIL [61], a TakposiMyc MoxXe 3HAYHO
MiABUIIUTH PiBEHb TPUIJIILIEPUIB y IUTa3Mi Ta 3HU3UTHU
KOHLIEHTpAILlil0 i aKTUBHICTb JIIMOIMPOTEIHAINAa3u y pe-
ummienTiB [62]. KpiM Toro, mpru3HauyeHHS TIIOKOKOP-
TUKOIMiB, TAKOX MOXE CIPUSITU MiABUIIEHHIO aKTUB-
HOCTi aleTUJIKOCH3UMKOHBEPTa3U, 30UIbLICHHIO Tie-
yiHkoBoro cuHTesy JITIJIHII, 3HMXylouM aKTMBHICTh
peuenTopiB JITTHIIL Ta iHridytouu gimonpoTeiHinasy,
110 TIPU3BOAUTH 0 HAKOMWYEHHS JIiMiliB Yy HUPKaX i
MOXe€ MPU3BECTHU 10 AMCHYHKIII TpaHcIiaHTaTa [63].

OXUpPiHHA € iHIIUM JOBEIECHUM PEUUITIEHT-ACO-
uitoBanuM (paktopom puzuky BOT. YucneHni noci-
JIKEHHSI AEMOHCTPYIOTh CUJIbHUI 3B’s130K MixX IMT Tta
pusukoM BOT, sikuit mocTynmoBo 3pocTae 3i 301JIbIIeH-
HaM IMT [64, 65]. ¥V HellogaBHLOMY aHali3i JaHUX
3044 peuMIlieHTiIB, MPOBEAEHOMY Ha OCHOBi PEECTPY
JiaJti3y Ta TpaHcruiaHTtauii ABctpaitii Ta Hosoi 3enaH-
nii, Shi Ta iioro KoJieru rokasaau, 10 Nali€HTH i3 Ha -
MipHOIO Barolo, MOMipHUM Ta BaXXKWUM OXWPiHHSIM Ma-
10Thb TiABUIIEHWI pu3uK po3BUTKY BOT Ha 30%, 42%
ta 118% BinmoBigHO, y MOPIiBHSIHHI 3 pelUMiEHTaMU
3 HopManbHuM IMT (22—24,99 kr/m?) [65]. dexinb-
Ka MEXaHi3MiB MOXYTbh MOSICHUTH 110 acouiauito. 1o
HUX BiTHOCSThCS OibII TPUBAIUM ilueMiyHU# Tiepion,
MOB’SI3aHUI 3 OXWPiHHAM, MiABUIIEHA CUMIIATUYHA
AKTUBHICTb, SIKa MPU3BOAUTH 10 HUPKOBOI Ba30KOH-
CTPUKIIii, BUILi 103U iHTi0ITOPIiB KaJbLIMHEBPUHY, SIKi
MOTEHLIHHO NOCUJTIOIOTH BA30KOHCTPUKILiIO YEPE3 MO-
CWJIEHHSI €KCIIpecil Ba30KOHCTPUKTOPHUX (PaKTopiB
(anrioreHsuH II, enporeniH-1, TpomOoKcaH A2 i Jieii-
KOTpi€HM) 3 OJHOYACHUM 3HUXEHHSIM BUPOOJIEHHS
BazoauaaTaTopiB (MpoCcTauMKIIiH, pocTariaHauH E2
i okcun azoty [63]), a TakoX MigBUIIEHA MPOTPOMOO-
TUYHA aKTUBHICTh Ta €HJIOTediajdbHa AUChYHKIIs, SIKi
CTIPUSAIOTh MiKpOTpOMO03y TpaHcruiaHTata [66]. Kpim
TOTO, PELIUIMIEHTHU 3 OXUPIHHSAM YaCTO MalOTh KOMOP-
OigHi 3aXBOpPIOBaHHS, TaKi K LYKpOBUIi 1iabeT Ta ap-
TepiaJbHYy TilepTeH3ilo, sIKi caMi 1o co0i € hakTopamu
pusuky BT [6, 67].

Binomo, 110 3acTocyBaHHsI iMYHOCYIpecii Moxe
BUKJIMKATU TinepTeH3ito de novo abo MOTipliuTy Mo-
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nepenHto rinepreHsito. IlobiuHuii edekT iMmyHOCy-
npecii nmoasrae y aktuBauiii PAC ta ne3akTuBailii
nepeacepaHOro HaTPikypeTUYHOro MENTUAY, 10 MpU-
3BOJIUTH 10 apTePiosIpHOI BA30OKOHCTPUKIIi1 3 MOAab-
muM 3HmKeHHIM [IK® Ta excmaHcii mo3akiiTHHHOI
pinvHu. JlomaTKOBUMY MPUYMHAMU TillEpPTEH3ii € 3a-
TPUMKa BOJIU Ta COJIi, BUKJIMKAHA CTEPOiAaMH, 11O Il
OinbplIe MOCWIIOETHCS 30LIBIICHHSIM MO3aKJIITUHHOTO
00’eMy Ta BUPOOJEHHAM pPEHiHY, BUKJIUKAHOTO MO-
pyuieHHsIM dYHKUii TpaHcmiaHTaTa. [HII mpuuuHU
TaKOX MOXYTb CIHPUSATU PO3BUTKY MOCTTPAHCILIAH-
TalliiHOI TimepTeH3ii: MOXUINI BiK JOHOpPA, XPOHIYHE
BiITOPrHEHHS Ta CTEHO3 HUPKOBOI apTepii Micjs TpaH-
CIUTaHTallii. Yci Ui akTopu COpUSIOTh PO3LMIUPEHHIO
MO3aKJITUHHOI TKAHWUHU Ta 30i/JbIIEHHIO CEPLIEBOrO
BUKMUIY. THM 4YacoM CHOCTEpira€TbCsl MiABUILEHHS
oropy nepudepuyHUX CyAUH, CIPUUYUHEHE HEBIIMO-
BigHOIO cekpeuieio ropmoHis PAC [68].

HeobOxigHO TakoX BpaxoByBaTW TOUl (akT, 110
B®T e dopmorto I'TTH i y pozsutky 1iei opmu I'TTH
BaXJIUBY poJib Binirpae aktuauis PAC. e y momep-
JIUX JOHOPIiB HUPOK ITijJ yac cepleBoi abo MO3KOBOI
cMepTi criocTepiraetbs akTuBalliss PAC i Mmoxe nopari
MOCUJIIOBATUCS T 4ac 3a00py Ta 30epekeHHs opra-
HiB, a MiJ Yac iMIUIaHTallii HUPKOBOIO TpaHCILJIaH-
TaTta Ta penepdysii peuunienty PAC Hagani akTUBY-
eTbcsl. OcoONMUBUIL iIHTEPEC Y LI CUTYyallil CTAHOBUTH
CTaH aHTiOTeH3UWHIIEPETBOPIOBATBLHOTO (hEpMEHTY 2,
kaouyoBoro pepmeHty PAC, HeoOXinHOro majisi MeTta-
Oousizmy aHrioreHsuHy Il i mMpucyTHBOroO Ha amiKajib-
HOMY TMOJIIOCI MPOKCUMAJIbHUX KaHaJbliB, SKUHA €
MicClleM MEePEBAXKHOI0 ypaxXxeHHs y pa3i po3Butky [ TIH
ta dopmyBanHsa BOT, ToMy BTpydyaHHsSI CIIpSIMOBaHi
Ha Oe3neyHe 3HUXeHHs akTuBHOCTI PAC 3 Bukopuc-
TaHHSIM BiIMOBIMIHUX KOPOTWIUX (hOPM AHTIOTEH3WH-
MepeTBopIooyoro ¢GepMeHTy 2, € OJHUM i3 cnocobiB
3ab6e3nevyeHHs 3axucty Big BOT [69].

PeuunieHntu, siki padilue nepeHecau TPaHCILUIAH-
Tallil0 HUPKU, MAIOTh CYTTEBO BUIIUI PU3UK PO3BU-
TKy BT nix yac nosTopHux TpaHcruanTtaniii [11, 38,
52]. leit pu3uk oGYMOBJIEHUI KOMIUIEKCOM B3aEMO-
3aj1exXHUX (haKTOPiB, SIKi 301IbIIYIOTh IMOBIPHICTh BU-
HUKHEHHS YCKJIaJHEHb SIK y TepronepalliiitHoMy nepi-
ofi, TaK i Ha paHHiX eTamax TicjisionepauiiHOro Bia-
HoOBJIeHHS. KJI04oBy pojib y IbOMY MpOILIECi BiAirpae
nonepenHs ceHcuobinizauis [70]. IIpoaeMOHCTPOBAaHO,
IO TIOETHAHHS TTONepeaHbOl ceHcuOimizamii Ta BOT
MAa€ CUHEPTiYHUI HECTIPUSTIUBUIA BIUIUB HA PE3YJib-
TaTU AJIOTPAHCIUIAHTALlil Ta acOUiilOBaHO 3 BUCOKUM
PU3UKOM TOCTPOTO AHTUTLUI-OMOCEPEIKOBAHOTO BiJ-
ToprHeHHs [71].

OkpiM BuUllle 3a3HAYEHUX, Y HAYKOBill JiTepaTy-
pi 0OTOBOPIOETHCS HU3KA MEHII AOCTiAXEHUX, POTe
MOTEHLIIHHUX pelUIieHT-acolilloBaHUX (aKTOpiB,
TaKUX SIK 3aJIMIIKOBa (pyHKis HUpOK [72, 73], KOH-
LIeHTpallisg reMorynobiny [74, 75] Ta okcajoBoi Kuc-
JIOTU KpoBi [72], piBeHb MapaTropMOHy Ta BiTamiHy JI
[63], nediuuT MarHiio Ta MigABMILMEHHS KOHLIEHTPALIl
Ce4Y0BOi KUCJIOTU KpoBi [2], M’s130Ba cnabkicTh [76] Ta

reHeTMuHM mosiMopdisam [77]. Post Hospers Ta iHmni
MMPOIEMOHCTPYBAJIH, IO 3aJTUIIKOBHI aiype3 <150 M/
XB aCOLII0EThC 3 BULIUM pusukomM BOT [72]. Jahn
3i cniBaBTOpaMu BU3HAYWIM, 11O IMiABUIIEHHS Aiype-
3y Ha KoxHi 100 mn 3meHmrye pusuk BOT 3 OR 0,92
(95% 110.88; 0.96) [73]. Mexani3m, iMOBipHO, BKJIIO-
Ya€ HAKOMUYEHHS YPEMiYHUX TOKCUHIB, Yy TOMY YMCIi
i1 okcayioBoi kucaoTu. [linBuilieHui piBeHb OKCalT0BO1
KUCJIOTU Ta il MpeKypcopiB (IJIIOKCUIOBOI Ta TJilie-
PUMHOBOI KUCJOT) OYB acouiiloBaHUU 3 OLIBILIONI Yac-
tototo BT [72]. [IponeMOHCTpOBaHO, 110 OKCAIOBa
KUCJIOTA i 11 MeTaboJIiTU 30UIBIIYIOTh iIHTEHCUBHICTh
OKCHUJIATUBHOTO CTPECY, CIPUSIOYM YTBOPEHHIO BiJib-
HUX PaJuKaJiB, sIKi MOIIKOIXYIOTh MEMOpPAaHU KJTITUH,
6inku ta IHK, 1o moxe mpu3BeCTU OO0 MiTOXOHAPi-
aJbHOI AUCGYHKIIT Ta MOPYIIEHHS EHEPreTUYHOro
MeTtabouizmy kiituH [78]. Lleit Kackaja MOLIKOIXEHbD,
y CBOIO Yepry, COpuUsie pO3BUTKY 3aMajbHOI peakllii Ta
IPII tpancruianTaTa [26].

BukoHaHHs aofialli3HOi TpaHCHJaHTallii HUPKU
rnokasajo MeHmuil pisenb BOT, a TakoX 3HUXKEHHS
YacTOTU CYOKJIiHiYHOTO BiITOPTHEHHS Ta XPOHIYHOI
Hedpomnatii TpaHCIUIaHTaTa B MOCTTpaHCILIAHTallili-
HoMmy niepioni [10, 79].

Husbkuit piBeHb reMOTJIO0iHY TAKOX MOXE CIIpU-
SITU TiMOKCii TKAHWH i MiABUIIEHI CIpUAHATINBOCTI
no IPII. Molnar 3i cniBaBTOpamMu mpoIeMOHCTPYBaJIH,
110 TIOPiBHSIHO 3 piBHeM remMoriobiny 120-129 r/mn, pe-
HUIieHTu 3 remoriao6inom 100-109 r/n manu Ha 25%
uinuii puzuk BOT [75]. [IpoTe B iHIIOMY DOCITiAXEH-
Hi 0yn0o BusBieHO, mo B®T vacrtilme BU3HaYanach y
PELMITIEHTIB 3 piBHEM reMoryiobiny >135 1/, 1o aB-
TOPU TTOB’S3YI0Th 3i 30i7bIIEHUM PU3UKOM TPOMOOYT-
BopeHHs [74].

IHmMM BaroMuM Ta cynepewiuBuUM (HhaKTOPOM
pusuky BOT Ta HeCpUATIMBUX BiIlaJeHUX Pe3ysIb-
TaTiB TPAHCIUTAHTALlil HUPKU € MOPYUIEHHS MeTabO0JTi3-
MY MarHito y peuunieHTiB. ['imoMarHiemis yacto cno-
CTEpiraeThCsl Micasl TpaHCIUJIAHTalil Ta MOB’s3aHa i3
3aCTOCYBAHHSM iHTiOITOPiB KaJbLIMHEBPUHY. Y HELIO-
naBHboMy nociaimxeHHi Hod 3i criiBaBTopamu, npoBe-
JIV PETPOCHEKTUBHUI OTHOLIEHTpOBUI aHati3 (2000—
2013 pp., N =726), 1100 4OCIiAUTUA B3aEMO3B 130K MixX
rinoMarHieMi€lo Ta BiigajJeHUM pe3yabTaToM aloTpaH-
CIUTAHTAallii Y PEUMITIEHTIB TPAHCIUIAHTOBAHOI HUPKU
[80]. ABTOpM BCTAaHOBWJIM, IO JJIsI KOXHOTO 30iJib-
meHHs Mg Ha 0,1 mr/mn, IIIK® 3Mmenmrysanacs Ha 1,1
MJI/XB uepe3 3 poku micis TpaHcruianTatii ( p <0,01)
i Ha 1,5 Mu1/XB 4yepe3 5 PoOKiB MicCJsl TpaHCIUTAHTAILii.
BcraHoBneHo, 1o cepenHiii piBeHb Mg kposi >1,7
MT/IUT € He3alexXHUM npeaukropoM LITK® <60 mi/xB
yepes 3 poKU Iicas TpaHCIUIAHTALl i, 10 TimoMarHi-
eMmid Big 1 mo 12 MicsuiB micasd TpaHCIUIaHTallili HUPKUA
MOB’s13aHa 3 Kpalllowo (GyHKILE€ aJoTpaHCIIIaHTaTa A0
5 pokiB micns TpaHcrutanTaiii [80]. B iHmomy mocmi-
mxeHHi, Odler Ta cmiBaBTOpU MoKa3aiu, 1110 JJ1s1 Malli-
€HTIB 3 Ae(IllMTOM MarHito B KpOBi XapakKTepHUI Mif-
BUILIEHUI PU3UK PO3BUTKY iH(DEKIil CeYOBUBITHUX
LILJISIXIB i BipycHUX iH(beKIIii, 110 HETaTUBHO BILIMBA€E
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Ha BDT [81], a Cheungpasitporn 3i criiBaTopaMu mpo-
JNIeMOHCTPYBaJIU, 1110 Ae(IlUT MarHito Mae 1iabeToreH-
HU edeKT i € TOBeIeHUM He3aaexXHUM (PaKTOpoM pu-
3UKY LIYKPOBOTO IiabeTy micist TpaHcmianTauii [82]. B
iHIIOMY JOCJiI)KeHHsI OYB BCTAHOBJIEHUI 3B’ 130K MiX
BMIiCTOM MarHil0 B CUpOBaTLi KPOBi Ta CMEPTHICTIO Y
PEUMITIEHTIB Mic/s TpaHCIUIAHTAllil HUPKU Bia cepue-
BO-CYIMHHUX 3aXBOpIoBaHb [83].

e ongHuM MeTabodiYHUM (PAKTOPOM, IO BILIU-
Bae Ha (QYHKIii HUPKOBOrO TPaHCILJIAHTaTa € CeyoBa
kucinora. Tak, Haririan Ta cniBaBTOpM MHpPOAEMOH-
CTpyBajiy 3B’SI30K MiX PiBHSIMA CEYOBOI KUCJIOTH Y
CUpOBATLIi KpOBi Ta pe3yJibTaTaMU ajoTpaHCIJIaHTa-
11il HUPKM, i AIAIIIM BUCHOBKIB, 110 CEPENHi piBeHb
CEYOBOi KMCJIOTU BIPOJOBX MEPIIMX 6 MicsIiB Ticas
TPaHCIUIAHTALlii € HEe3aJIEXXHUM TMPEIUKTOPOM TOBIO-
CTPOKOBOI BUXXMBAHOCTI TpaHCIJIaHTaTa Ta KOPOTKO-
cTpokoBoi ¢yHKUii TpaHcmaHtata [84]. fAx Bigo-
MO, Tinmepypukemis Moxe aktuByBatu PAC pazom i3
MPUTHIYEHHSIM CUHTE3y OKCUIYy a30Ty B HUPKaAX, 110
MPU3BOAUTH [0 MEIiaJbHOTO TMOTOBILUEHHS MPETrao-
MEPYJSIPHUX apTepios, HUPKOBOI Ba30KOHCTPUKILil
Ta MiABUILEHHS CUCTEMHOIO apTepiaJlbHOrO THUCKY
[85], mo moxe BmuBatu Ha B®T. 3 iHimoro 0oky,
CEeYoBa KUCJIOTa € €HAOTeHHUM MOJIEKYJSIPHUM TMa-
TEpPHOM, 1110 TOB’S3aHUIN 3 MOILIKOXEHHSIM KJIiTUH,
PO3BUTKOM 3aMNajieHHS Ta aKTUBALI€10 MTPO3anaJbHOTO
iHTepJielikiHy- 1 i iHTepnelikiny-18 [86].

Ilepenonepaiiilina M’s130Ba cJ1abKiCTh TaKOX Oysia
He3aJIeXXHO acolliiioBaHa 3 Maiixke JBOPa30BUM ITiJl-
BUILEHHSIM pU3uKy po3BuTky BOT (OR 1,94; 95% 11
1,13-3,36), 1o Moxe OyTH OOYMOBJIEHO IepeabadyBa-
HUM 3B’13KOM MiX MiJBUILIEHUMU PiBHSIMU 3aMaJIbHUX
LIMTOKIHIB Ta MOPYLIEHHSIM (YHKIIl TpaHCIUIaHTaTa
[76]. Kpim Toro, cnieriudiuHi reHeTUYHI Bapiallii, Taki
sk noniMopdiszm ogHoro Hykieotuny TLR3 Ta BapiaH-
TU T€HiB, 110 KOAYIOTh MPOOKCUAAHTHI OUTKM, 30KpeMa
aneap NADPH oxcunasu p22(phox) 242T (CT+TT),
Oy/v acouiiloBaHi 3 MiABUIIEHOIO YaCTOTOIO PO3BUTKY
B®T [77]. Lli reHeT4Hi GakTOpy MOXYTh BILUTUBATH
Ha IMYHHY BiAOBiAb a00 iHIII (i3iogoriuHi mpouecu,
Oe3nmocepeqHbO MOB’SA3aHi 3 GYHKIIIOHYBaHHSM TpaH-
CIUIaHTATA.

Ilepuonepauiiini demepminanmu. Ilonipu cyTTeBi
pO30iXHOCTI TaHUX i BiACYTHICTh KOHCEHCYCY IIOAO0
ONTUMAJIBHOI TPUBAJIOCTi XOJOMOBOI ilemii, Oe3me-
peyHuM € (HakT i CYyTTEBOTO 3HAYEHHS JJISI PO3BUTKY
B®T [6, 52, 73]. Hocnimkenns Barba 3i ciBaBTOpa-
MM BIIepIiIe TPOAEMOHCTPYBAJIO, 110 KOXHA TOAATKOBA
roavMHa XOJ0A0BOI ileMii moHan 18 roguH 36iablIye
puzuk BOT na 10% [87]. Lli BuUCHOBKM Oynu Mi3Hi-
e nmigTBepaxkeHi Nieto-Rios Ta iHII., SIKi BUBHAUYUIU,
10 XOJIOMOBA illeMis moHan 12 roavH MiABUIILYE PU-
3uk BOT (OR 1,1; 95% A1 1.04—1.16) i3 nogaabiiuum
3POCTaHHSIM PU3UKY 3a TpuBaiocTi 12—18 rogun (OR
2,06; 95% M1 1,02—4,15) i MaKCUMaJIbHOIO YaCTOTOIO
po3sutky BOT 3a tpuBanocti moHan 18 rogun (OR
3,38; 95% A1 1,57—7,27) [88]. ¥V HelomaBHbOMY pe-
TPOCHEKTUBHOMY aHani3i 25 8§31 map HUPOK BiJ OAHO-

ro TOHOPA, TPAHCIUIAHTOBAHUX i3 Pi3HULIEIO XOJI0I0BO1
imemii mo 20 roguH, 71% nap Manau ONHAKOBI pe3yiib-
tatu wonao BT [89]. ¥V 16% sunanxis BOT criocrepi-
rajiacs Juillie B HUPLi 3 JOBILOIO XOJOJOBOIO illIEMI€I0,
a B 13% — nuie B HUPI 3 KOPOTIIOW. AHaJi3 map i3
pi3HMMU pe3yJbTaTaMM MOKa3aB, IO TOBIIA TpUBa-
JIICTh XOJIOAOBOI illleMii CYTTEBO MiABUIIYBada PUUK
B®T. OgHak y mapax, Ie opraH 3a3HaBaB NepQya3ii,
el pu3uK OyB HUKYUM TMOPIBHSIHO 3 TAKUM 3 KOPOT-
010 TPUBAJIICTIO X0Joa0Boi imeMmii [78]. ABTopu mi-
WIIUIM BUCHOBKY, IO HAaBiTh HE3HayHE 30iJbIIECHHS
XOJIOHOBOI imeMii migpuiye pusnk BOT, Tomi 1K BU-
KOPUCTaHHS OpraHHoi nepdy3ii CyTTEBO 3HUXKYE Hera-
TUBHUI BILUIUB MIPOJOHTOBAHOI X0J10A0BO1 imemii [89].

Kpim abcomoTHOI TPUBAIOCTi, BIUIMB XOJOI0BO1
imremii 3aeXuTh Bim Uiy goHopa. [ToBimoMiseThbcs,
o TpaHcmiaaHTtaTu Bigz DBD goHopiB MaioTh Oiib-
111y TOJEPaHTHICTh A0 XOJIOJOBOI illleMii MOPiBHSHO 3
tpaHciuiantatamu Big DCD monopis [90, 91]. IIpore
HaBiTh 1i1d DBD goHOpiB 3 BUCOKMM iHAEKCOM J0-
Hopcbkoro npodinio Hupku (KDPI >85%) tpuBaiicts
XOJIOAOBOI illleMii moHaa 22—24 rooiuHU acoLilOEThCI
3 BUCOKUM puszukom BOT [90, 92]. Cuig 3a3HauuTH,
10 Pe3yJIbTaTH TOCTiIXKEHb 3 ILOTO MUTAHHS € CyTep-
ewiuBuMu. Tak, nociimkeHHd Lum 3i criBaBTOpamu
JIEMOHCTPY€E HaNOUIbIIKI BIUIMB X0JI0I0BOI ilemii Ha
pusuk BOT 3a KDPI >85% [92], Toni sik Helantera Ta
iHIIi HEe BU3HAYUIU CTATUCTUYHO 3HAUYIIOTO 30i/b-
IIEHHS COPUNHATAMBOCTI O XOJOJO0BOI illIeMil HUPOK
3 BUCOKUM iHAEKCOM MTOHOPCHKOro mpodiiio HUPKU
[36]. Lli naHi cBimuaTh Mpo Te, 110 GaKTOPH, SIKi BILUTH-
BaloTh Ha pu3uk BDT, € Ginbll KOMIUIEKCHUMM i 3a-
JIeXaTh BiJ IHOUBiAyaJIbHUX OCOOJMBOCTEN OOHOPA,
pelumieHTa Ta TEXHOJIOTi1 30epiraHHs OpraHiB.

Ha croronHi € 3araipHOBIAOMUM, 11O BUKOPUC-
TaHHS TiMnoTepMiyHOi MaminHHOI iepdy3ii (MIT) no-
PIBHSIHO 3i CTATUMHUM XOJIOAHUM 30€piraHHsIM, 3HU-
xye yactory BOT Hupku ta 3abe3reuye Kpaiily BUXKH-
BaHiCTbh TPAHCIUIaHTaTa. B IbOMY KOHTEKCTi LiKaBUMU
€ J1aHi, OTpMMaHi B HEIIOJaBHbOMY KOTOPTHOMY pe-
TPOCIIEKTUBHOMY AOCHiIKeHHi, mpoBeaeHoMY y CIITA.
PesynbraT goCHiaKeHHsI O1€MOHCTPYIOTh 110 3abe3-
MeYeHHs TeMIepaTypu nepdysaty B Mexax LiJIbOBOTO
niamazony 4-10 °C moxe BruimHyTH Ha yactoty BOT
[93]. [1pu npoBeaeHHi OMHOMAKTOPHOTO perpeciitHo-
ro aHaniizy crapiuit Bik noHopa (OR 1,08, P =0,002),
BUIIMI TOKA3HUK iHAEKCY Mpodiao TOHOpa HUPKU
(OR 1,03, P =0,024) i Temnepatypa nepdysaty noHaji
10 °C npoTsrom nepmux 5-TW XBUJIUH nepdysii Oyau
JIOCTOBIPHO MOB’S13aHi i3 3aTPUMKOIO (PYHKIIi1 TpaH-
crianTata. OfgHak, 3a pe3yJbTaTaMu MyJbTUdaKTOP-
HOTO perpeciiiHoro aHasi3y BUSBIEHO, 1O JUIIIE BUILA
TeMIlepatypa po34rMHy B pAHHbOMY Tepiofi nepdysii €
HesanexHuM npeaukropom BOT (OR 1,58, P =0,005;
OR 1,37, P =0,08). Oxpim Toro, BOT criocrepiranacs
yacTilie 3a Temrepatypu nepgysarta >10 °C npotu T35
min <10 °C (OR 4,5, P =0,006) [93].

3a pe3yabTaTaMu BEJIUKOIO PETPOCTIEKTUBHOTO
nocnimkeHHsa Ahlmark 3i cmiBaBTOpamMu, MpOBEAEHO-
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ro Ha mincraBi aHanizy peectpiB @innsanaii Ta CIIIA
(SRTR), Bcranosmeno mo B®PT ta BUCOKMIT iHACKC
npodito TOHOpa HUPKU OyIu He3aJlexXHUMU (hakTo-
pamMu pusuKy BTpatu TpaHcrutanTata [HR 1,32 (95%
aI1,14—1,53), p<0,001,i HR 1,01 Ha onun 6ax (95%
AT 1,01—1,01), p < 0,001 BimnosigHo]. Cnin 3a3Hauu-
TH, 1O TPUBAIICTH MEPioLy XOJOAOBOI illleMii, 3a pe-
3yJbTaTaMU L[bOTO MOCTiIKEHHS, HE BILUIMBajla HA pU-
3UK BTpaTu TpaHcranrara. 38’130k BOT i3 ripmoio
BuxkuBaHicTio HT OyB CUJIBbHIILIMM y pa3i TpaHCILJIaH-
TaLil Bim MapriHajapHux goHopis [11].

I'MII € oaHielo 3 HAMOIAbII MEPCHEKTUBHUX TEX-
HOJIOTi 1 11 30€peXXeHHs HUPKU BiJl IOMEPJIOro TOHO-
pa, sKa A03BOJISIE 3HU3UTH LIKIIJIUBUAN BIUIUB TPUBA-
J101 Xos1010B01 inemii [94]. TTopiBHSIHO 3 TpagULIITHUM
CTaTUYHUM XOJIONOBUM 30€piraHHsIM, BUKOPUCTAHHS
I'MII 3menmye pusuk po3sutky BDT ta mokpariye
3arajbHi pe3ynbpTaTu TpaHcmiaHnTauii [94, 95]. Hemo-
JIaBHill MeTaaHaJli3 22 gocaigkeHb, 1o BKiaodas 4007
Malli€HTIB, MPOJEMOHCTPYBaB, IO BUKOPUCTAHHS
I'MII 3HauHO 3HUXYE MOBipHicTh po3BUTKY BDT sk
st HUpok Big DBD noHopiB, Tak i Bin DCD noHopis,
He3aJIeXHO Bil TPUBAIOCTi X0J1010BOi itemii [95].

ITinTpyMKa cTabinbHOI TFeMOAMHAMIiKM IIim 4ac
TpaHCIUIaHTAallii, OCOOJMBO B MOMEHT penepdysil
TPaHCIUIAHTaTa, € KJIIOYOBUM (DaKTOpPOM i 3aro-
6iranus BOT. Bimomo, mo aprepiaibHa TinmoTeH3is
HEraTUBHO BIUIMBAa€E Ha mnepdy3ilo TpaHCIJIaHTaTa,
gymosiooun IPII. TIpoaeMoHcTpoBaHO, 1O cepel-
Hiit aprepianbHuil TUCK (CAT) Huxue 110 MM pT. CT.
repe TpaHCIUTaHTAlli€o yABivi minBuiye pusuk BOT
(OR 2,2; 95% A1 1,1 — 4,33) [96]. 3a pe3ynbraramMmu
Bajpai Ta iHmux, 3HuxkeHHs1 CAT Ha KOXHi 5 MM pT.
CT. MPOTITOM TepUONepalliiiHOro mepioay MiABUIILYE
pusuk BOT y 1,5 pasu [97]. Tinotensia <55 mmHg
npoTsarom 5-10 XBUIMH MalixXe BABiYi MiABUIIYE PU3UK
B®T, Bu3HaueHOI SIK BiICyTHICTh aA¢KBaTHOI PeIyKIIii
KpeaTtuHiny (<30%) mpoTSIroM MepIInx ABOX THIB ITic-
1 TpanciuianTanii (OR 2,41; 95% 11 1.65-3.53) [98].

KapnianbHuit iHaeKc, Moka3HuUK, SIKMIA XapakTe-
pusye edeKTUBHICTb POOOTU CepLsl BiAHOCHO IIOLIi
MOBEPXHi Tilla JIIOAWHU, € PENpPe3eHTATUBHUMMU IS
HUPKOBOTO KPOBOTOKY Ta MOXK€E YaCTKOBO iHTEpPIPETY-
BaTH (haKTUYHY HUPKOBY mepdysito [99]. [poneMoH-
CTpOBaHO, 110 MiABUIIEHUN KapaiadlbHUHN iHIEKC TiJI
yac pernepdysii TpaHCIJIaHTaTa aCOLIIOETbCS 3 HUX-
yuMm pusukom BOT. 3okpema, 3HAYeHHST Kap.ialb-
HOTO iHgeKCcy Ha piBHi 4,25 51/xB/M2 ab0 BUILE i 4ac
perniepdy3ii TpaHCIIaHTaTa JOCTOBIPHO 3HUXKYE PU3UK
B®T (OR 0,42; 95% 111 0,19 — 0,94) [99].

HeanexkBaTHUIT BOJIEeMiYHUIA CTATyC TAKOX € BaX-
nuBuM pakTopom pusznky BOT. LleHTpanbHuii BEHO3-
Huit Tuck (LIBT) menme 8 mmHg [100] ta Bume 11,7
mmHg [101] migBuiye iiMoBipHicTh po3BuTKy BOT.
OntumanvHuit LIBT y Mexax 8—12 mmHg cnpusie
3HUXXEHHIO PU3UKY Tinornepdysii Ta 3abe3nevye TpaH-
craHTaTy amekBaTHUit KpoBoTtik [101]. Kpim Toro,
00 €M rifgpaTallil Ta TUI PO3YMHIB Mae OYTU amamnTo-
BaHUI 10 IHAUBIIYyaJIbHUX XapaKTEPUCTUK MaIli€HTA;

HemocTaTHs Tigpataiis (<50 MJi/Kr) DOCTOBipHO Tifa-
puurye pusuk BOT (OR 3,71;95% A1 1,68; 8,61 [102].
Ilono BMOOPY TUIY PO3UMHIB, TO KPUCTANOIAN, 30Kpe-
Ma po3uuH PiHrepa yu maa3Maitit, IpoaeMOHCTPYBaIU
CTaTUCTUYHO 3HAUYyIIe 3HUXeHHs pu3uky BOT nopis-
HSIHO 3 (izionoriunuM pozurHom [103, 104].

MeTtonuka aHecTe3ii i yac TpaHCIUIaHTAallil HUp-
KM BIUIMBA€E Ha FreMOJMHAMiYHYy CTa0ibHICTb, Mepdy-
3il0 TpaHCIUIaHTaTa i, K HACiJOK, PU3UK PO3BUTKY
B®T [102]. 3aranbHa aHecTe3ist € HAlGIIBII TTOIIUpe-
HUM MiIXOI0M, € 3aCTOCYBaHHS iHTaJsAUiiHUX aHeC-
TeTUKiB (i30daypaH, ceBodhaypaH) MOXe 3MEHIIIYBaTU
IPIT [105, 106]. ITpore rimoreHsist, BUKIMKAaHA aHEC-
TeTrkamu, mninsuirye pusnk BOT i Bumarae peresb-
Horo koHTpojto [107]. KombiHoBaHi MeTonuku (3a-
rajibHa + perioHapHa aHecTe3is) OyJv BUBYEHi, aje
ix BruuB Ha pu3nk BAOT ocTaTouyHO HE BCTAaHOBJIEHO.
Jesiki pocmiaKeHHsI CBilyaTh, 110 KOMOiIHOBaHi CIM-
HaJIbHO-EMiAypaJibHi METOAU MOXYTh OYTHM YCIHiLIHO
BUKOPUCTAHI Ui TPaHCIJIAHTallil HUPKU Ta JTOHOP-
cbkoi HedpekTomii [108]. [HIII ocaimHMKKM BU3HAYa-
10Th ninBuieHni pu3uk BT 3a 3acTocyBaHHs KOMOi-
HOBaHUX METONMK (3arajibHa + perioHapHa aHecTe3is)
yepe3 Oifbll BUPaXEHY TeMOIMHAMiYHY HeCTadilb-
nicts (OR 3,81; 95% 11 1,71; 9,19). BukopucranHs
Ba30aKTUBHMX 3aCc00iB, TaKUX K (peHinehpuH ado 10-
OyTaMiH, MOXe JOMOMOTTHU MiATPUMYBATU aJeKBaTHUN
apTepiaJbHUMN TUCK, aJle BUMarae o0epexKHOTO 3aCTO-
CYBaHHSI yepe3 BIUIMB Ha HUPKOBUIT KpoBoTik [107].
ITponemMoHCTpPOBaHO, IO 3aCTOCYBaHHS (eHiTehpUuHy
acoluioBajoch 3 BaBiui BummM pusukom BOT (OR
2,2;95% 1 1.04—4.82) [96].

Cnin 3a3Ha4YUTHU, 1110 OKPiM aHECTETUKIB Ta Ba3o-
npecopiB, NepuonepaliifHe 3aCTOCYBaHHS iHIIUX He-
(GPOTOKCUUHMX 3aC00iB, TAKMX K iMYHOCYIIpPECaHTH,
aHTUOIOTUKU Ta AHATBIETUKU, MOXE 3HAYHO BIUIMHY-
™™ Ha pusuk po3BuTkKy BADT. 3okpema, 6asuiikcumad
acolioeTbesd 3 migBuineHHSIM puzukomM BOT (OR
3,34; 95% A1 1,14—10,48) uepes iHayKoBaHy HeppO-
TOKCUYHICTh Ta BUBiNIbHeHHs LMUTOKiHIB [102]. IHri-
0iTopY KaJIbLIMHEBPUHY, TaKi K IUKJIOCTIOPUH Ta Ta-
KpPOJIIMYC, MOXYTb TaKOX cripusiTi po3BuUTKy BOT 3a-
BISIKW CBOIM HedpoTokcuuyHuM BractuBocTsM [109].
AMiHOIIIKO3UAU Ta BAHKOMILIMH, OCOOJIMBO B KOMOi-
Hallii 3 MinepauuaiHOM-Ta300aKTaMOM, MOXYTb 3Ha-
YHO MiABUILUTUA PU3UK PO3BUTKY Hedpomarii, 110, B
CBOIO Uepry, 30i/IbllIye iMOBipHiCTh BUHMKHEHHsT BOT
[109, 110]. HaBnaku, nepuonepauiiiHe 3aCTOCYBaHHSI
JNEKCMEJETOMIINHY 3HUXKYE 4YacTOTy po3BUTKY BOT
y pasi TpaHcmnaHTauii Hupku Bix DCD mponopa (OR
0,41;95% A1, 0,17-0.98) [111].

Takum yrHOM, peTesibHe 30a7aHCYBaHHS MOTEH-
LiAHMUX PU3UKIB Ta MepeBar NepuTpaHCIUIAaHTALliAHUX
BTPY4YaHb, € BaXJIUBOIO CKJIaJ0BOIO MiHiMi3allii pu3u-
ky BOT.

BucHoBku. HaBeneHuit mepellik HeiMyHOOITIOCe-
penkoBanux merepMmiHaHT BOT, ckimagHicTh maTtodi-
3i0JIOTIYHUX MEXaHi3MiB iXx opMyBaHHS y JOHOpaA i
pELMIiEHTa, a TAKOX MOEAHAHHS 1X 3 IepUONepalliii-
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HUMU (DaKTOpaMU, YHEMOXIIUBIIOOTH (HOPMYBaHHS
yHidikoBanoi moneni BOT. OuyeBuaHO, 1110 Taka MO-
JleJib TIOBMHHA BUOYIOBYBATUCHh Ha MPUHIIMIAX Tpe-
LIU3iAHOCTI.

Bkpail HeoOXiZTHUM € yIOCKOHAJIEHHS PaHHbOI
nmiarHocTUKH BT, ocKibKu 11e 00MeXYy€e MOXKIHBOC-
Ti CBOEYACHOTO Ta €(DEKTUBHOTO BTPYUYaHHS. Y LIbOMY
KOHTEKCTi po3pooka aedininii BOT € HaraabHO Bax-
JIUBUM KPOKOM.

IMonpu Haa3BUYANTHO IIMPOKU I CIIEKTP OPYIIEHb,
SKi € meTepMiHaHTaMU HeiMyHoomnocepenkoBaHoi BOT
nepeBaXxHa OiTbIIICTh 3 HUX MOXYTh OyTh MoaudikoBa-
HUMM, 1110 BiAKPUBAE MEPCIEKTUBU [IJIsI CYTTEBOTO MO-
KpallleHHs TPaHCIUIAHTALiTHOI TPAKTUKU.

TakuMm YMHOM, BCTAaHOBJIEHHSI TE€PaNEeBTUYHUX
MillleHell JOHOpa Ta aJAeKBAaTHUU BIUIUB HA HUX, MO-
nu@ikauis MiArOTOBKM TpaHCILIaHTaTa, MiHiMizallis
HEraTUBHUX BILIUBIB OPraHi3My pELIMITiEHTA HA TPaH-
CIIJIAHTOBAHY HUPKY, CYKYITHO TMOJOBXaTh TEPMiH ii
e eKTUBHOTO QYHKIIOHYBaHHSI.
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BUMOIUN AO POBIT, LLIO NOAAIOTLCA AO NMYBAIKALIT
B “YKPAIHCbKWU XXYPHAA HEOPOAOTII TA AIAAIZY”

VY 3B’I3Ky 3 iHASKCYBaHHSIM >XypHally MiXXHapOIHU-
MU TMOIIYKOBUMM CUCTEMaMH Ta MiABUILEHHSIM BMMOTI 10O
o¢hopMIJIEHHSI HAyKOBOIO MaTepiajy, peakoserist popmaiiszye
BUMOTH 110 BHIAHHS UISI €(PEKTHUBHOIO PO3ITOBCIOIKEHHS
MarepialliB y CBiTOBili Mepexi I[HTEpHeT Ta NMpUeTHaAHHS 10
MiXXHapOIHUX HAYKOBUX 0a3 NaHUX.

[IpaBuna nns aBTOpPiB CKJaAeHi BiAMOBIAHO 10 «Eau-
HUX BUMOT JI0 PYKOIKCiB, 110 MOJAIOTHCS Y OiOMEANYHI Xyp-
Hamm» (Uniform Requirements for Manuscripts Submitted to
Biomedical Journals), siki chopmysnboBaHi MixHaponHUM
KOMITETOM peakTopiB MeAWYHUX XypHaliB (International
Committee of Medical Journal Editors) ta MicTaTbCs Ha pe-
cypci ICMJE.org.

XKYPHAJI CTPYKTYPOBAHO
3A 5 OCHOBHUMMU PO3AVIAMMU:

1. Touxka 30py

2. IlpobiaemMm opranizauii Ta €KOHOMiIKM He(pPOJOTiuHOT
JIOTIOMOTH

3. OpuriHaJabHi HayKOBi poboTH
IlIxona Hedposora

5. Pepmaxuiitna indopmauis, iHdopmatis nmpo HaykoBi ¢o-
pyMHU, KOMEHTapi, peleH3sii, 3HaMeHHi JaTu.

IMepiuwnii po3ain. B ubomy po3aisli ApyKyOTbCS CTATTi,
SIKi BimoOpaxkaloTh TOUKY 30py Ha KOHKPETHY MpolJieMy aB-
TOpa YU aBTOPIB.

Jpyruii po3ais BUCBITIIOE MOXIIMBI IIJISIXU TTOKpaIlleH-
HSI OpTaHi3alliifHOl CKJIagoBOi MisUTbHOCTI He(pPOJIOTidHOI
CJIyX0u B YKpaiHi Ha BCiX eTamax HalaHHs CIelializoBaHi
MEIMYHOI JOMTOMOTH Ta il EKOHOMIYHUWIA aHali3.

Y TpeTboMy pO31IiJli pO3MIILYIOThCS CTATTi, SIKi 3HAOM-
JIATH 3 Pe3yIbTaTaMy OPUTIHAIBHUX JOCIiIKEHb.

Poznin “Illkona Hedpomora” apykye pobOTH, METOIO
SIKUX € MMIBUIIEHHS] HedPOJIOTiYHOI TpaMOTHOCTI YUTAaYiB.

OcraHHiil po3min iHGOpMye MpPO OCHOBHI HAyKOBO-
MpaKTUYHI Mofii, my6ikye peleHsii, penakiiitHy iHdhopMma-
uiro i T.0.

Pykomnuc pa3om 3 103B0JI0M HA i{OT0 BUKOPUCTAHHS HA-
MPaBJISAETHCS A0 PelaKkiii TIbKM B €JIEKTPOHHOMY BapiaHTi
Yyepe3 OH-JIAlH CUCTEMY, SIKA MICTHUTbCS HA CaiTi XKypHaTy.
Y penakuii 31iliCHIOETbCSA ABOCTOPOHHE cJine (AHOHIMHICTD
PelleH3€eHTa Ta AaBTOPa) HAYKOBE pPelleH3YBAHHH i JlirepaTyp-
He peJaryBaHHs CTaTeu.

Jl03BiJ1 HA BUKOPHCTAHHS PYKONHCY MOXKHA 3aBAHTA-
2KUTH 32 NOCWJIAHHSM

CratTi, opopMJieHi 0e3 JoAaepKaHHS MpaBUJl HE MPU-
IMalOThCs, aBTOPAaM He MTOBEPTAIOTHCS.

VY pasi HeraTUBHOI HAYKOBOI pelieH3ii, cTaTTi He Iy-
OJIiKYIOTbCSI, aBTOpaM €Jl. TOLUTOK HAaJCUJIAEThCS BiATyK 3
MOXJIMBICTIO JTOOMNpALIOBAHHS CTATTi YM 3aMiHU i1 iHIIUM
MaTepiaJoMm.

Jlo nyO6hikauii mpuiiMalOThCsl OpUTiHANbHI pOOOTH,
OIJISIAM JIiTepaTypu, JeKIlii, KOPOTKi MOBiIOMJIEHHS, PEeKO-
MeHAaLii MpaKTUYHUM JIiKapsiM, OMUMC BUMAAKiB 3 MPAKTUKMU,
iHdopMallis Mpo HayKoBi (hopyMH.

Penakuisi He npuiimMae paHiule omyOGJikoBaHi poOOTHU
a0o0 CcTaTTi, MPUIHATI 10 APYKY B iHIIKMX BUAAHHSIX.

CtaTTi my01iKyl0ThCsl yKPaiHChKOIO, POCifiChKOIO Ta aH-
riiicbkoto MmoBaMu. MDaiin 3i cTaTTero MPEACTABISATH Y pop-
maTti Microsoft Word (po3mupenns *.doc, *.docx, *.rtf).

HHOCJIIAOBHICTD POSMIIIIEHHA
MATEPIAJTY HACTVYIIHA:

1. Iniuianu Ta npi3Builla aBTOPiB aHIJiIICbKOIO MOBOIO;

2. Ha3ssa craTTi aHIJIiiIChKOIO MOBOIO;
3. Ha3zsa ycraHOBU Ta opraHi3ailii, B sIKiil TpalfOlOTh aBTO-
PM aHIIiICbKOIO MOBOIO;

4. Pe3iome cTarTi aHITiICHKOIO MOBOIO;

5. Koouosi cioBa (8-10 ciiB 4M CJIOBOCIIONYYEHb, IO
PO3KpMBAIOTh 3MIiCT CTaTTi) aHIJIIICHKOIO MOBOIO;

6. YIK;

7. IHiuianu Ta mpi3BuIlAa aBTOPiB MOBOIO, SIKOIO HaIlMCa-
Ha CTaTTs;

8. Ha3zsa craTTi (MOBOIO OpHUTiHANY);

9. HasBa yctaHOBM Ta opraHi3zailii, B IKiii TpallOIOTh aB-
TOpH, MiCcTO (MOBOIO CTaTTi);

10. KimtogoBi cioBa (8-10 ciaiB 944 CIIOBOCIOIYYEHbD, IO
PO3KPMBAIOTh 3MIiCT CTaTTi) MOBOIO CTaTTi;

11. Pe3tome MOBOIO CTaTTi;

12. Tekcr crarTi;

13. Po3kpuTTS TOTEHIIHUX KOH(IIKTIB iHTEepeciB;

14. InpopMalrist Ipo BHECOK KOKHOI'O YUaCHUKA;

15.Crmmcok  BUKOPMCTAaHMX JKepea Mig  Ha3BOIO
«Jliteparypa (References)», ohopMiIeHUI1 BiAMOBIAHO
[0 cTaHIapTy Vancouver style;

16. Binomocti mpo BigmosigambHoro astopa: ITIB, Ha-
YKOBE 3BaHHS, Mocaja Ta Miclie poboTu; e-mail
(000B’s13K0B0O) Ta pobounii TenedoH.

@opMaT TEKCTy PYKOmHCY. TeKCT CTaTTi APyKyeThCS
mpudroMm Times New Roman, po3mip 14 pt, 3 moayTopHUM
MiXpSIIKOBUM iHTepBajioM. BincTynu 3 KOXXHOTO OOKY CTO-
piaku 2 cMm. Ha Bci imocTpaitii, rpadiku i Tabauimi MaioTh
OyTU TTOCUJIAaHHS B TEKCTi.

BunineHHst B TeKCTi MOXXHa poOUTH KypcUBOM abo Ha-
niBxupHuM mpudtoMm, HE minkpecneHHaMm. 3 TeKcTy CItin
BUIAJIUTHU BCi IEpeHECeHHSI, TTOBTOPIOBAaHI MPOIYCKU, 3aiiBi
pO3pUBU PAAKIB (B aBTOMAaTUYHOMY pPEXUMi uepe3 cepBic
Microsoft Word “3Haiiti i 3aMiHUTH ).

®Daiin 3 TEKCTOM CTaTTi MiCTUTh BCIO iH(OpMallito 1st
ny0JtiKallii, y TOMy YMCJIi pPUCYHKHM 1 TaOIULI Micid iX MepIio-
O 3raayBaHHSI.

CTpyKTypa pPYKONHCY Ma€ BiAMOBIiZaTH HABEICHOMY
ma6I0Hy (3aJIeXKHO Bill TUITY pOOOTH).
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VK po3mililyeTbcst y BEPXHBOMY JIiBOMY KYTi.

Astopu. IIpisBuiie aBTOpiB BKa3yBaTH IIicls iHiLialiB
(0. C. Ipanos, C. I. IlerpoB), xupHuM mIpudTOM, MO-
BOIO OpUTiHAy Ta aHMIiACbKOIO MOBOIO, BUPIBHIOBAHHS 3a
ueHtpoMm. I1Ib aBTOpiB aHIiICbKOIO HEOOXiZHO BKa3yBaTu
BIIMOBIHO 3 3aKOPIOHHUM TAcMOpPTOM, a00 SIK B paHillie
OITy0JIIKOBaHUX 3apyOixKHMX XYypHAJIbHUX CTAaTTSIX. ABTOpH,
SIKi MyOJIIKYIOThCSI BIIEpIe i HE MalOTh 3aKOPAOHHOTO Iac-
nopra, MalTb CKOPUCTATHCS CTAHIApTOM TpaHCIiTepallii
KMY—-2010.

BaxaHo nomatu mocujaHHS Ha BiacHi odiuiiHi iH-
TepHeT cTopiHku aBTopa(iB) (https://....... ), Scopus ID,
Researcher ID a6o0 ORCID ID pjis po3MileHHs rirneprnocu-
JIaHHSI Ha caiiTi XXypHaiy Ta pdf-Bepcii crarri.

Ha3sga cTaTTi aH1iiicbKOI0 MOBOIO Ta MOBOIO OpUTiHA-
JIy PO3MIIIYEThCS 3a LIEHTPOM ITiCJIsI MPi3BUIL aBTOPIB KUP-
HuMm mpudToM («OniHKa pe3uayaibHoi QYHKHii HHPOK y
xpopux Ha XXH V]I CT. Ta nminxoau no ii 30epexkeHHs»).
AHTJIOMOBHA Ha3Ba Ma€ OYTH rPaMOTHOIO 3 TOUKM 30py aH-
IJificbkOi MOBM Ta TOBHICTIO BiAMoBiZaTH yKpaiHO/pociii-
CbKOMOBHIi#1 Ha3Bi 32 3MiCTOM.

YcranoBa. HeoOxinHo HaBoauTu odilliiiHy MOBHY Ha-
3BY ycTaHOBHU (0e3 ckopoueHb). [Ticsist Ha3BU yCTaHOBM Yepe3
KOMY 3a3HaYMTHU HA3BY MicTa Ta KpaiHM. AKILO y H1OCTiIKeH-
Hi OpaJiv y4yacTbh aBTOPU 3 Pi3HUX YCTAHOB, CJIiJl CITiBBiIHECTU
Ha3BM YCTAHOB i Mpi3BHIlla aBTOPiB 3a AOIOMOIol0 Ludpo-
BUX iHAEKCIiB y BepXHboMy perictpi. [1ig Ha3Bo1o HeOOXiTHO
noaatu iHTepHeT aapecy (https://....... ) odiliiHOI CTOPiHKHU
YCTaHOBM.

Pedepar (six1o po6oTa opuriHaabHa) Ma€ GYTH CTPYK-
TypOBaHUM: M€Ta, MaTepiaau i METOIU, Pe3yJIbTaTh, BUCHO-
BKU. Pedepar mMae mMOBHICTIO BiAIoOBigaTU 3MicTy poOOTH,
oo0csar Tekery He menme 1 800 3HakiB (3 mpomyckamu). Pe-
3l0Me 10 MyOJliKalliif, 1110 MOMalThCs B iHI PO3AUIH Xyp-
Hany (1,2,4,5) opopMIsSIETbCS JOBIILHO, ajie 3 TAKUM CaMUM
00CcsroM.

AHTJIOMOBHA BEPCisl pe3loMe CTaTTi 32 3MiCTOM i CTPYK-
Typoto (Aim, Methods, Results, Conclusions) nmoBHicTIo Biz-
MOBia€e yKpaiHo/poCiiicChKOMOBHI.

Kmouogi ciioBa. HeoGxinHo BKa3aTu KJIIOYOBi CJIOBa —
Big 3 po 10 pis iHOeKCyBaHHS CTATTi B MOLIYKOBUX CUCTE-
max. Ki11o4oBi cjioBa MOBHICTIO BifllIOBiIal0Th yKpaiHCbKOIO/
POCiICBKOIO Ta aHIJiICbKOI0 MOBOIO. /111 BUOOPY KITIOUOBUX
CJIiB aHIIiiChKOI0 BUKOPUCTOBYIOTh Te3aypyc HallioHanbHO1
MmenuyHoi 6i6mioreku CILA (Medical Subject Headings —
MeSH).

TekcT cTaTTi (yKpaiHCHKOIO 260 POCiiiChKOI MOBOIO)
CTPYKTYPOBaHUIA 3a pO3[iJlaMU: BCTYM (aKTyaJIbHICTh), META,
Martepiajv i MeToiu, pe3yJbTaTh, OOrOBOPEHHSI, BUCHOBKH.
Po3nin «O0roBopeHns» € 000B’I3KOBMM Ta MAa€ BKIIOYATH
3000-3500 3naKiB 0e3 npooOiiB.

Po3kpurta norenniiiiux KOHQIIKTIB iHTepecin

ABTOpU TMOBUHHI PO3KPUBATU BCi BiAHOCUHU a00 iH-
TepecH, siKi MOXYTb MaTH MPsIMUI a00 MOTEHUINHUI BIIUB
YU HAaTU yIepeIkXeHicTb B poOoTi. Xoua aBTOp, MOXJIUBO,
He BiluyBae, 1110 iCHYE SIKUI-HeOyab KOHQIIKT, PO3KPUTTS
BiIHOCHH i iHTepeciB 3a0e3meuye OiIblI MOBHUIM i Tpo3opuit
TpoIiec, M0 MPU3BOAUTH JO TOYHOI i 00’€KTUBHOI OLIHKYU
poboTu.

YcBinomieHHs1 peaibHOro abo nepeadayyBaHOro KOH-
GbIikTy iHTepeciB — 1l MepCneKTUBa, Ha IKYy MalTh MPaBo
yutaui. Lle He o3Hauae, 110 iHAHCOBI BITHOCUHMU 3 OpTraHi-
3alli€lo, sIKa CIIOHCOpYBaJja J0CIiIXKeHHsT a00 KOMIIEH allilo,
OTpUMaHY 3a KOHCYJIbTAIliIiHY pOOOTY € HEJOPEYHUMH.

[Mpuknanu NOTeHUiMHUX KOHMIIIKTIB iHTepeciB, sKi
npsiMo a60 TOOIYHO TOB’SI3aHi 3 JOCIIIKEHHSIM, MOXYTh
BKJTIOUATH, aJie He OOMEXYIOThCSI HACTYITHUM:

e HaykoBi rpaHTu Big piHaHCOBUX areHTCTB (IIpOXaH-
HS HaJaTu JaHi Mpo CIIOHCOpa MOCTiIXKEHHS Ta HO-
Mep TPaHTY)

e ToHopapu 3a BUCTYIM Ha CUMIIO3iyMax

e  (dDiHaHcoOBa MiATPMMKA y4acTi B CUMITO3iymMax

e dinancoBa miATpMMKa OCBITHIX IMporpam

e 3aifHATICTb a00 KOHCYJIbTaIlii

¢ TliaTpuMka 3 60Ky CIIOHCOpa MPOEKTY

e [locana B KOHCYJIbTaTUBHI pani a00 pali TMPEeKTOPiB
a00 B iHIINMX BiTHOCWMHAX YIIPaBIiHHSI

e Kinbka diniii

e  @DiHaHCOBi BiZTHOCWHM, HANPUKIal, MailoOBY y4acTb
a0o iHBeCTULIiIHUI iHTEpec

e [lpaBa iHTeNeKTyaJllbHOI BJIAaCHOCTi (HampuKiIaid, ma-
TEHTHU, aBTOPCHKIi MTpaBa i pOsIITI BiJl TAKUX MPaB)

*  VrpumaHHS 4oJIOBiKa i / a0 miTel, IKi MOXYTb MaTh
diHaHcoBUI iHTEpeC A0 podboTH

Kpim Toro, ciig po3KpuBaTH iHTEPECH, 1110 BUXOASTH 3a
paMKu (piHaHCOBHMX iHTEepeciB i KoMmIeHcalii (HehiHaHCOBI
iHTepecu), sIKi MOXYTb OyTH BaxJIUBI 17151 yMTadiB. BoHu Mo-
KYTb BKJIIOYATH, ajie He 0OMEXYIOTbCS, 0COOUCTI BiTHOCUHU
ab0 KOHKYpYIoUi iHTepecu, psiMo abo oOiYHO OB’ A3aHi 3
LM JOCIIKEHHIM, a0o rnmpodeciitHi iHTepecu abo 0coOuCTi
TIepeKOHAHHS, SIKi MOXYTb BIUIMHYTHU Ha BaIlle TOCTiIKEHHS.

BinmoBimanbHuii aBTOp 30Mpae GopMu pO3KPUTTSI KOH-
¢maikTy iHTepeciB Bin ycix aBTopiB. B aBTOpCHKIil criBIparii,
JIe IOIyCKaloThes HOopMaTbHi YTOAW MPO MPEeaCTaBHUIITBO,
IIJISI BiAIIOBiMHOTO yYaCHUKA JOCUTD MiAnmucaT Gopmy po3-
KPUTTS Bil iMEHi BCiX aBTOPiB.

IIpuknaam po3kpurts indopmanii

Hocnimxenns pinancyBamocs X (rpaHt Ne X).

KoHuikT iHTepeciB: aBTOp A OTpUMaB IOCHiAHI rpaH-
TH Bin koMmnaHii A. ABTop B orpumaB roHopap morosigaya
Big koMmnanii X i Bojoxie akuissMu B komnaHii Y. Asrop C €
YJIEHOM KOMITeTY Z.

KoHbaikT iHTepeciB: aBTOpU 3asIBJISIIOTD, 1110 Y HUX HE-
Ma€ KOH()IIIKTY iHTepeciB.

Ilonsika. ABTOpY MOXYTh BUCJIOBUTHU IMOMASKY 0COOaM
Ta OopraHizauisiM, 110 CIIPUsIM IyOJiKalii cTaTTi, ajie He €
il aBTOpamu.

IndopMaliss mpo BHECOK KOXHOTO ydyacHuka (i oci0,
3a3HAaYEHUX Y po3aiJi “romsika™).

Ilpukaao: O.C. IBaHOB — KOHLIEITLIisI Ta AU3AH TOCITi-
mxeHHs1, 1.I1. [TeTpoB — aHaji3 oTpuMaHUX JaHUX, 0(pOpM-
JICHHSI TEKCTY POOOTH.

ABtopu BucioBooTh noasky (IlpizBumie 1. B.) 3a
o¢hOpMIJIEHHS iTIoCTpalliii.

Cmucok jirepatypu. VY 6i6iiorpacdii (mpucrareiiHomMy
CIUCKY JliTepaTypy) KOXHE IKepesio 3a3HayaloTb 3 HOBO-
ro psiaka mia nmopsjakoBUM HomepoM. Bumoru go odopm-
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JIEHHsI JiTepaTypHUX IXepesa 3a Vancouver style meTaibHO
MpeAcTaBleHO Ha caiTi XypHainy. Ilicasa KoxHOro mKepeaa
OBOB’SI3KOBHM € nomaBaHHs iHOro iHTEpHET aapecu
(https://ukrjnd.com.ua/index.php/journal/article/view/22).

Ilepen BiaxnmpaBKOO aBTOPU MalOTh 3IiHCHUTU camMone-

PeBipKy TEKCTY HAYKOBOI CTaTi Ha:

1. IlnariaTt. YkpaiHo Ta pocCiliChKOMOBHiI TEKCTH CTaT-
Ti epeBipsI0Th Ha TIJIariaT 3a I0MOMOTO0 TIpOrpamMu
eTXT Antumnnaruar https://www.etxt.ru/antiplagiat,
III0 € HEOOXiTHOIO YMOBOIO IJIs Ilepenadi CTaTTi IS
MOJAJBIIOro pelieH3yBaHHsA. PiBeHb iHOMBiTyab-
HOCTi TOCTiIKeHHST Ma€ OyTH He Huxkuuit 80%.
HaykoBuii cTuIb BUKJIaJIEHHS MaTepiay.

3. TaBrtoJOrito — NOBTOPIOBAaHHS y TEKCTi.
VYHiBepcallbHiCTh BUKJIaJIeHHS MaTepiany (uutabdeb-
HicTb). TekcT cTaTTi Ma€ Jerko Ta MpPOCTO CIIpUIi-
MaTHCs, He OyTU NepeoOTsKeHUM abpeBiaTypaMu,
CIIELiaJIbHOIO BY3bKOIPOMIIbHOIO TEPMiHOJOTIEI0
abo Takolo, 110 He HaOyja MiXKHapOIHOI aJarlTallii.
PeyeHHs1 MalOTh OYTU IPOCTUMMU, JIJAKOHIYHUMM i HE-
CTH 3aBEPIICHUI 3MICT.

5. KinbKicTh MocuaaHb Ha CTaTTi Ta HAyKOBi MaTepiaiu
3 imeHTudikaropom DOI (He meHn1e 80 %).

6. BimnosigHicTh BUMOTaM BUAAHHS.

TMMOMWJIKM, 1110 HAMYACTIIIE BUHUKIOTh
Y IHOJAHUX PYKOIINCAX:

1. BuKOpHCTOBYIOTH y pEUEHHSIX «3aliBi» CJIOBa i BUpa-
31. Ycbhoro 3aiiBoro Tpeda ynukatu. Kepyiitecs mpa-
BUJIOM: «SIKIIIO CJIOBO 3 pEYEHHSI MOXHA BUKUHYTHU
i IpU LIbOMY 3MiCT He BTpPa4eHO — CJIOBO Tpeba BH-
KuHYyTU». Lle caMe cTocyeThes i OinbIIMX 32 00CsTOM
¢parMeHTiB TEeKCTYy.

2. He BipHO BKa3yoTb onuHU1li BUMipy. CUCTeMHi o~
Huii BuMipy cuctemu Cl HaBomsTh 6€3 Kpanku (M, T,
ra, Mojb), a HeCTaHAapPTU30BaHi OMMHUIII — 3a CKO-
POYEHHSIMU.

3. Tpeba po3pi3HATU CUMBOJIU «—», «—» Ta «-». [lepiuit
i3 HUX Y pyKOMnucax He BUKOPUCTOBYIOTb.

4. DBinblIicTh PEIaKTOPCHKUX MPABOK OOYMOBJICHI HEBi-
PHUM BXUBAHHSIM CJIiB «B», «y», «i», «Ta», «3», «i3», «3i».

5. VY crarrsgx He BUKOPUCTOBYIOTh BUPAa3U «Ha MPOTSI-
3i» — 3aMIiHSIEMO <«IIPOTSTOM», «HAWOUIBII MOTYX-
HU» — «HAUTIOTYXHIIINN» , «IIpU» — «y pas3i» i T. II.

6. 3aiiBe BUKOpPUCTAHHS CclIoBa «O0yn0». Tpeba yHUKATH
clioBa «Oyyo»: 6e3 HbOro, 3a3BUYail, 3MiCT peyeHHSs
He 3MiHUTbCS.

7. CKOpOYEHHSI HayKOBUX TEPMiHiB Y CTaTTi Tpeba 3Bec-
TH 10 MiHIMyMy.

8. HasBu Tabnuib i pUCYHKIB (Ta MPUMITKM [0 HHUX)
MMOBUHHI OyTH «BUWYePIHUMU». YUTauy He MOBUHEH
IIOJATKOBO MepeunTyBaTH «Marepiaj i MeToIu qOCi-
IIXXeHb» 200 Ha3By po0OOTH, 1100 po3idpaTHUCs y 3MiCTi
TaOJIMIIi Y1 PUCYHKA.

9. CratrTi HalyacTille BiIXWUJSIOThCSl PEAKOJIETIE0 ye-
pe3 BilCYTHICTh CTAaTUCTUYHOTO OMpAallOBaHHS Tep-
BUHHUX JaHUX (3arajibHi BAMOTH 10 (axoBUX ITyOJTi-
Kallii1).

10. He pexoMeHI0BaHO BXXMBAaTX B TEKCTi MaCUBHMI 3a-
JIOT: «IIpO0H BilOMpaTUCs», 3aMiCTh IIbOTO — «IIPOOK
BigOMpanu»; «I0CHiIXKEHHS 30iCHIOBAIUCS» — «J10-
CITiIXEeHHS 3IMiACHIIN.

11. fxmo BUHMKAOTh MUTAHHS II0A0 OGOPMICHHS 4K
MpeacTaBJIeHHs NEBHUX JaHUX Y CTaTTi — MOXHa Opa-
TH 3pa30K OCTAHHBOTO HOMEPY XXYypHaIy.

12. BincyTHS MOXIUMBICT pemaryBaHHS PUCYHKiB, Ta-
Oonuni, dopmyia, HaBeAeHUX y poboti. HeoOximHo
HagaTu pemakiiii 3MOry iX pemaryBaTu, TOOTO He BU-
KOPUCTOBYBAaTU HECTAHAAPTHI MPOrpaMu.

Crartri, opopmiieni 0e3 momepKaHHA NMPABUJI He MPH-
iiMaOTbCS, aBTOPAM He MOBEPTAIOTHCA.

Y pasi HeraTUBHOI HAyYKOBOI peneH3ii, CTaTTi He my-
OMKYI0TbCS, ABTOPAaM eJI. MOMTO HAACWIAETHCA BiIryK 3
MOXKJIMBICTIO JOONPALMIOBAHHA CTATTI 4M 3aMiHM ii iHIIAM
Marepiajaom.
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