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ABSTRACT

Background. The renal glucose threshold (RGT) is traditionally regarded as a passive consequence of sodium-glucose cotransporter type 2
(SGLT2) saturation in the proximal tubules of the nephron. However, this explanation addresses only the molecular mechanism, leaving
unanswered the fundamental physiological question: why did evolution set this threshold precisely at 8-10 mmol/L? We propose that the
answer lies not in the limitations of transport systems, but in the active protection of osmotic homeostasis and cellular hydration.

Objective. To propose a new conceptual model of the RGT based on the priority of protecting cellular hydration over preserving glucose as
an energy substrate, and to demonstrate the pathophysiological relationship between glycaemic regulation and water-electrolyte metabolism in
diabetes mellitus.

Methods. A narrative review of current literature on renal physiology, osmoregulation, molecular biology of glucose transporters, and clinical
diabetology was conducted. The search was performed in the PubMed, Scopus, and Web of Science databases.
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Results. The RGT (8-10 mmol/L) mathematically corresponds to the upper limit of normal plasma osmolality (295 mOsm/kg). Glucosuria is
a physiologically programmed protective mechanism that prevents critical hyperosmolality and protects cells from osmotic stress. In type 2
diabetes mellitus (T2DM), the adaptive increase in maximum tubular glucose reabsorption (Tm_G) and RGT is a pathological phenomenon
contributing to chronic hyperglycaemia and cellular dehydration. SGLT2 inhibitors restore the physiological threshold and the protective
mechanism of glucosuria. Studies of the osmoregulatory function of the kidneys during the development of experimental diabetes mellitus
confirm impairment of urinary osmotic concentration already at the early stages of the disease (Olenovych et al., 2020; Olenovych & Zukow,
2022; Olenovych et al., 2025).

Conclusions. The RGT is an evolutionarily formed mechanism for the protection of cellular hydration. Understanding this principle opens
new perspectives for interpreting the pathophysiology of diabetes mellitus and the mechanisms of action of modern glucose-lowering drugs.

Keywords: renal glucose threshold, SGLT2, osmolality, cellular dehydration, ADH, osmotic
diuresis, diabetes mellitus, water metabolism, glucose reabsorption, aquaporins.

LIST OF ABBREVIATIONS
Abbreviation  Full term
ADH Antidiuretic hormone (vasopressin)
AQP Aquaporin
BP Blood pressure
HHS Hyperosmolar hyperglycaemic state
DKA Diabetic ketoacidosis
euDKA Euglycaemic diabetic ketoacidosis
SGLT2i Sodium-glucose cotransporter type 2 inhibitors
RGT Renal glucose threshold
CBvV Circulating blood volume
RAAS Renin-angiotensin-aldosterone system
TGF Tubuloglomerular feedback
FGL Filtered glucose load
CKD Chronic kidney disease
T1DM Type 1 diabetes mellitus
T2DM Type 2 diabetes mellitus
GFR Glomerular filtration rate
AQP Aquaporin
GLUT Glucose transporter
SGLT Sodium-glucose linked transporter
™™ G Maximum tubular glucose reabsorption



1. INTRODUCTION

1.1. Relevance of the Topic

Diabetes mellitus remains one of the greatest medical challenges of our time. According to the
International Diabetes Federation, in 2023 there were more than 537 million people with
diabetes mellitus worldwide, and by 2045 this figure may reach 783 million (International
Diabetes Federation, 2023). Against the background of this pandemic, the kidneys occupy a
special place — they are simultaneously a target of diabetic complications and an active
participant in the pathogenesis of hyperglycaemia through mechanisms of increased glucose
reabsorption (Gerich, 2010; Vallon & Thomson, 2020). Understanding the renal mechanisms
of glucose homeostasis regulation is not merely an academic task — it has direct clinical
relevance for the development of new therapeutic strategies.

The renal glucose threshold (RGT) — the plasma glucose concentration above which glucose
appears in the urine — has been known to clinicians for more than 150 years (Shannon et al.,
1941). The classical value of the RGT is 8.9-10.0 mmol/L (160-180 mg/dL), and it has
traditionally been regarded as a consequence of the saturation of the transport systems of the
proximal tubule. However, the fundamental question remains unanswered: why did evolution
set this threshold precisely at 8-10 mmol/L, and not higher or lower? We are convinced that
the answer to this question is related not to the limitations of transport systems, but to the active
protection of osmotic homeostasis and cellular hydration — a hypothesis supported by the
results of studies of the ionoregulatory and osmoregulatory functions of the kidneys in
experimental diabetes mellitus (Boychuk et al., 2016; Olenovych et al., 2020; Olenovych &
Zukow, 2022; Olenovych et al., 2025).

Contemporary research convincingly demonstrates that the RGT is a considerably more
complex and dynamic parameter than previously believed. In T2DM, it increases as a result of
adaptive upregulation of SGLT2 expression and Tm_G, which is one of the mechanisms
maintaining chronic hyperglycaemia (Rahmoune et al., 2005; DeFronzo et al., 2013). This
phenomenon has acquired new clinical significance in connection with the introduction into
practice of SGLT2 inhibitors (gliflozins), which artificially lower the RGT and induce
glucosuria as a therapeutic mechanism (Zinman et al., 2015; McMurray et al., 2019). In parallel,
studies of the renal mechanisms of carbohydrate status regulation during the development of
experimental diabetes mellitus have shown that impairments of renal functional state arise
already at the early stages of the disease and encompass both excretory and osmoregulatory and
ionoregulatory functions (Boychuk et al., 2017; Olenovych et al., 2020; Olenovych & Zukow,
2022; Olenovych et al., 2023; Olenovych et al., 2025).

The relationship between the RGT and water metabolism is of extraordinary clinical
importance. Glucosuria arising when the reabsorption threshold is exceeded is accompanied by
osmotic diuresis, which can lead to significant losses of fluid and electrolytes and to
dehydration (Kitabchi et al., 2009). Studies of urinary osmotic concentration during the
development of alloxan-induced experimental diabetes confirmed progressive deterioration of
the osmoregulatory function of the kidneys, correlating with the duration and severity of
hyperglycaemia (Olenovych & Zukow, 2022; Olenovych et al., 2025). Understanding these
mechanisms is of particular importance in the context of the widespread use of SGLT2i, whose
mechanism of action is directly related to changes in water metabolism (Heerspink et al., 2016).
1.2. Aim and Objectives of the Review

The aim of this narrative review is to systematise and critically analyse current scientific data
on the physiological basis of the RGT and its relationship with water metabolism, as well as to
formulate and substantiate a new conceptual model according to which the RGT is an



evolutionarily formed mechanism for the protection of cellular hydration. This concept was
first proposed by Professor Anatoliy Ivanovych Gozhenko — a leading Ukrainian nephro-
physiologist, author of fundamental studies in the field of renal physiology and
pathophysiology, osmoregulation, and diabetic nephropathy (Gozhenko et al., 2017,
Kuznetsova et al., 2018; Olenovych et al., 2020; Olenovych et al., 2025).

To achieve this aim, the following objectives were set: to analyse the molecular mechanisms of
renal glucose reabsorption and the physiological basis of the RGT; to examine the relationship
between glycaemia level, plasma osmolality, and cellular hydration; to substantiate the concept
of the RGT as a mechanism for the protection of cellular hydration; to describe the
pathophysiological changes in the RGT in diabetes mellitus and their consequences for water
metabolism; to analyse the clinical consequences of pharmacological reduction of the RGT by
SGLT?2 inhibitors.

1.3. Central Hypothesis

The central hypothesis of this review, first formulated by Prof. Gozhenko A.l., is that the RGT
is an evolutionarily formed mechanism for the protection of cellular hydration, and not merely
a consequence of transport system saturation. The mathematical correspondence between the
RGT (8-10 mmol/L) and the upper limit of normal plasma osmolality (295 mOsm/kg) is not
coincidental: each mmol/L of glucose contributes 1 mOsm/kg to plasma osmolality, and
exceeding the level of 8-10 mmol/L leads to osmolality above 295-305 mOsm/kg, which is the
critical threshold for cellular dehydration. This hypothesis is consistent with the results of
studies demonstrating impairment of the osmoregulatory function of the kidneys already at the
early stages of experimental diabetes mellitus (Olenovych & Zukow, 2022; Olenovych et al.,
2025).

1.4. Literature Search Methodology

The literature search was conducted in the PubMed/MEDLINE, Scopus, and Web of Science
databases. The following keywords and their combinations were used: renal glucose threshold,
SGLT2 inhibitors, glucose reabsorption, proximal tubule, osmolarity, cellular dehydration,
ADH vasopressin, osmotic diuresis, diabetes mellitus, water metabolism, aquaporins,
tubuloglomerular feedback, maximum tubular reabsorption, glucosuria. Preference was given
to publications from 2015-2024; however, fundamental works from earlier periods that laid the
foundations of the current understanding of the physiology of renal glucose reabsorption were
also included. Inclusion criteria: original studies, systematic reviews, meta-analyses, and
narrative reviews devoted to the physiology and pathophysiology of renal glucose reabsorption,
osmoregulation, and water metabolism. Exclusion criteria: publications not directly related to
the topic of the review, duplicates, conference materials without full text.

2. RESEARCH OBJECTIVES, RESEARCH QUESTIONS, HYPOTHESES AND
THEIR VERIFICATION

2.1. Research Objective

The objective of this narrative review is to systematise and critically analyse current scientific
data on the physiological basis of the renal glucose threshold and its relationship with water
metabolism, as well as to formulate and substantiate a new conceptual model according to
which the RGT is an evolutionarily formed mechanism for the protection of cellular hydration,
and not merely a passive consequence of saturation of the transport systems of the proximal
tubule of the nephron. This concept was first proposed by Professor Anatoliy Ivanovych
Gozhenko on the basis of many years of scientific experience and analysis of physiological data
(Gozhenko et al., 2017; Kuznetsova et al., 2018; Olenovych et al., 2020; Olenovych & Zukow,
2022; Olenovych et al., 2025). The scientific works of Prof. Gozhenko A.l. in co-authorship



with Zukow W. and Gozhenko O.A. laid the methodological and conceptual foundation for
understanding the renal mechanisms of carbohydrate and water-electrolyte homeostasis
regulation in diabetes mellitus.

2.2. Research Questions

Research Question 1. Isthe RGT (8.9-10.0 mmol/L) a coincidental consequence of the kinetic
limitations of SGLT2 transporters, or does it reflect an evolutionarily formed mechanism for
the protection of osmotic homeostasis and cellular hydration? This question is central to the
entire review and is directly related to the conceptual model proposed by Prof. Gozhenko A.l.
(Gozhenko et al., 2017; Olenovych et al., 2020). Answering it requires analysis of the
mathematical correspondence between the RGT and the upper limit of normal plasma
osmolality, as well as a comparative analysis of the evolutionary conservation of the RGT in
different mammals.

Research Question 2. What is the pathophysiological mechanism of the relationship between
the elevation of the RGT in T2DM and the development of chronic cellular dehydration and
plasma hyperosmolality? This question is directly related to the results of studies of the renal
mechanisms of carbohydrate status regulation during the development of experimental diabetes
mellitus, conducted by Olenovych O.A. (Olenovych et al., 2020; Olenovych & Zukow, 2022;
Olenovych et al., 2023; Olenovych et al., 2025). The answer requires analysis of the relationship
between Tm_G, RGT, plasma osmolality, and indicators of cellular hydration at different stages
of diabetes mellitus.

Footnote: We express our sincere gratitude for collaboration and consultations to Professor
A.l. Gozhenko.

Research Question 3. What is the contribution of impairments of the osmoregulatory function
of the kidneys to the pathogenesis of diabetic nephropathy, and how do these impairments
correlate with changes in the RGT during the development of diabetes mellitus? This question
is based on the results of studies of the osmoregulatory function of the kidneys during the
development of alloxan-induced experimental diabetes (Olenovych et al., 2020; Olenovych &
Zukow, 2022; Olenovych et al., 2025) and requires analysis of the relationship between urinary
osmotic concentration, free water clearance, and indicators of tubular renal function.
Research Question 4. Is the pharmacological reduction of the RGT by SGLT2 inhibitors a
restoration of the natural physiological mechanism for the protection of cellular hydration, and
to what extent do the changes in water metabolism during SGLT2i therapy explain their
pleiotropic cardio- and nephroprotective effects? This question is the clinical continuation of
the conceptual model of Prof. Gozhenko A.l. and requires analysis of the mechanisms of action
of SGLT2i through the lens of osmotic protection of cellular hydration (Zinman et al., 2015;
McMurray et al., 2019; Perkovic et al., 2019).

Research Question 5. What is the relationship between impairments of the ionoregulatory
function of the kidneys, changes in the RAAS, and osmoregulatory disturbances in diabetes
mellitus, and how do these impairments form a pathological circle that maintains chronic
hyperglycaemia and cellular dehydration? This question is based on the results of studies of the
ionoregulatory function of the kidneys and the role of the RAAS in experimental diabetes
mellitus (Boychuk et al., 2016; Olenovych, 2020; Olenovych, 2020a; Olenovych et al., 2023)
and requires an integrative analysis of the interaction between different systems of water-
electrolyte homeostasis regulation in diabetes.

2.3. Research Hypotheses

Hypothesis 1 (Central Conceptual Hypothesis of Prof. Gozhenko A.l.). The RGT (8.9-10.0
mmol/L) is an evolutionarily formed mechanism for the protection of cellular hydration, and



not merely a passive consequence of SGLT2 transporter saturation in the proximal tubules of
the nephron. According to this hypothesis, the mathematical correspondence between the RGT
and the upper limit of normal plasma osmolality (295 mOsm/kg) is not coincidental: the kidney
"allows" glucose to enter the urine precisely when its plasma concentration reaches a level that
threatens osmotic homeostasis and cellular hydration. Glucosuria is a physiologically
programmed "pressure relief valve™ for osmotic pressure, and the priority of protecting cellular
hydration is higher than the priority of preserving glucose as an energy substrate. This
hypothesis was formulated by Prof. Gozhenko A.l. on the basis of analysis of physiological
data and the results of his own research (Gozhenko et al., 2017; Olenovych et al., 2020;
Olenovych et al., 2025) and is central to this review.

Hypothesis 2. The adaptive increase in Tm_G and RGT in T2DM is a pathological
phenomenon that destroys the natural protective mechanism of glucosuria and contributes to
chronic plasma hyperosmolality and cellular dehydration, forming a pathological circle that
maintains and amplifies hyperglycaemia. According to this hypothesis, the elevation of the
RGT in T2DM to 11-13 mmol/L allows plasma osmolality to chronically exceed 300-305
mOsm/kg, leading to chronic cellular dehydration, stimulation of glycogenolysis and
gluconeogenesis in hepatocytes, and further amplification of hyperglycaemia (Haussinger et
al., 1994; DeFronzo et al., 2013; Olenovych et al., 2020).

Hypothesis 3. Impairment of the osmoregulatory function of the kidneys is one of the earliest
and pathogenetically most significant manifestations of diabetic nephropathy, preceding the
development of proteinuria and a decline in GFR, and is a direct consequence of the impairment
of the RGT and the associated osmotic diuresis. This hypothesis is based on the results of studies
of the osmoregulatory function of the kidneys during the development of alloxan-induced
experimental diabetes (Olenovych et al., 2020; Olenovych & Zukow, 2022; Olenovych et al.,
2025), which showed progressive deterioration of the ability of the kidneys to concentrate urine
already at the early stages of the disease.

Hypothesis 4. SGLT2 inhibitors realise their pleiotropic cardio- and nephroprotective effects
primarily through the restoration of the natural osmotic protective mechanism of the kidneys:
pharmacological reduction of the RGT to approximately 4-5 mmol/L induces glucosuria, which
reduces plasma osmolality, improves cellular hydration, and triggers a cascade of
haemodynamic and metabolic changes (reduction of CBV, reduction of BP, activation of TGF,
reduction of intraglomerular pressure) that are responsible for cardio- and nephroprotection.
This hypothesis is the clinical continuation of the conceptual model of Prof. Gozhenko A.l. and
is supported by the results of large clinical trials (Zinman et al., 2015; McMurray et al., 2019;
Perkovic et al., 2019; Heerspink et al., 2020; The EMPA-KIDNEY Collaborative Group, 2023).
Hypothesis 5. Impairments of the ionoregulatory function of the kidneys in diabetes mellitus,
in particular changes in the transport of Na*, K*, Ca**, and phosphates in the proximal tubules,
are pathogenetically related to impairment of the RGT and changes in the osmoregulatory
function of the kidneys, forming a unified pathophysiological syndrome of tubular dysfunction
in diabetes that progresses in parallel with increasing duration and severity of hyperglycaemia.
This hypothesis is based on the results of studies of the ionoregulatory function of the kidneys
in diabetes mellitus (Boychuk et al., 2016; Olenovych, 2020a; Olenovych et al., 2023;
Olenovych et al., 2024a) and requires an integrative analysis of the relationship between
different aspects of tubular dysfunction in diabetes.

2.4. Verification of Hypotheses

Verification of Hypothesis 1. Hypothesis 1 is verified through the analysis of several
independent lines of evidence. First, mathematical analysis confirms the precise
correspondence between the RGT and the upper limit of normal plasma osmolality: at a



glycaemia of 10 mmol/L and normal values of sodium (140 mmol/L) and urea (5 mmol/L),
plasma osmolality is exactly 295 mOsm/kg — the upper limit of the normal range (Rose &
Post, 2001; Knepper et al., 2015). Second, the evolutionary conservation of the RGT at 8-10
mmol/L in most mammals indicates its important physiological significance beyond simple
transporter saturation (Vallon & Thomson, 2020). Third, clinical observations confirm the
relationship between the RGT and osmotic homeostasis: glucosuria in pregnancy protects
against hyperosmolality in gestational diabetes, and the elevation of the RGT in T2DM
correlates with elevated mean plasma osmolality and chronic cellular dehydration (Davison &
Hytten, 1974; Haussinger et al., 1994). Fourth, pharmacological evidence from SGLT2i studies
demonstrates that artificial reduction of the RGT to approximately 4-5 mmol/L reduces plasma
osmolality by approximately 3—7 mOsm/kg and improves cellular hydration (Ferrannini et al.,
2014; Marton et al., 2024). Fifth, the results of studies of the features of tubular transport of
osmotically active substances and osmoregulatory processes during the development of
alloxan-induced experimental diabetes mellitus, conducted by Olenovych O.A., confirm that
impairment of the osmoregulatory function of the kidneys is a direct consequence of changes
in the RGT in diabetes (Olenovych et al., 2025). Thus, Hypothesis 1 receives support from
several independent lines of evidence, although specially designed prospective studies are
required for its definitive confirmation.

Footnote: We express our sincere gratitude for collaboration and consultations to Professor
A.l. Gozhenko.

Verification of Hypothesis 2. Hypothesis 2 is verified through the analysis of clinical and
experimental data on changes in Tm_G and RGT in T2DM. The study by Rahmoune et al.
(2005) showed an elevation of Tm_G in T2DM by approximately 20% compared to healthy
individuals, and the study by DeFronzo et al. (2013) confirmed an elevation of the RGT to 11—
13 mmol/L in T2DM. The study by Haussinger et al. (1994) demonstrated that even moderate
cellular dehydration (reduction of cell volume by 5-10%) significantly stimulates
glycogenolysis and gluconeogenesis in hepatocytes, which may amplify hyperglycaemia. The
results of studies of the renal mechanisms of carbohydrate status regulation during the
development of experimental diabetes mellitus confirmed progressive elevation of renal
glucose reabsorption in parallel with increasing duration of hyperglycaemia (Olenovych et al.,
2020). DeFronzo's (2009) concept of the "ominous octet” — eight pathophysiological
mechanisms maintaining hyperglycaemia in T2DM, including elevated renal glucose
reabsorption (elevated Tm_G and RGT) — confirms the pathological nature of the RGT
elevation in T2DM. Thus, Hypothesis 2 receives convincing support from several independent
lines of evidence.

Verification of Hypothesis 3. Hypothesis 3 is verified through the analysis of the results of
studies of the osmoregulatory function of the kidneys during the development of alloxan-
induced experimental diabetes. The study by Olenovych et al. (2020) showed that impairments
of the osmoregulatory function of the kidneys develop already at the early stages of
experimental diabetes mellitus and progress in parallel with increasing duration of
hyperglycaemia. The study by Olenovych & Zukow (2022) confirmed progressive deterioration
of urinary osmotic concentration during the development of alloxan-induced experimental
diabetes. The study by Olenovych et al. (2025) showed impairment of tubular transport of
osmotically active substances and osmoregulatory processes already at the early stages of
diabetes. These results are consistent with data on reduced expression of AQP2 and AQP3 in
the collecting ducts in diabetes (Nielsen et al., 2002) and impairment of the interaction between
the ADH-aquaporin system and osmotic diuresis. The study by Boychuk et al. (2017) confirmed
that impairments of the functional state of the kidneys in early experimental diabetes mellitus



encompass both excretory and osmoregulatory functions, preceding the development of
morphological changes. Thus, Hypothesis 3 receives convincing support from the results of the
authors' own research and literature data.

Verification of Hypothesis 4. Hypothesis 4 is verified through the analysis of the results of
large randomised clinical trials of SGLT2i and mechanistic studies of their effects on water
metabolism. The study by Ferrannini et al. (2014) showed that SGLT2i therapy reduces plasma
osmolality by approximately 3—7 mOsm/kg. The study by Marton et al. (2024) confirmed that
SGLT2i therapy leads to a reduction in CBV by approximately 7-10% from baseline. The study
by Heerspink et al. (2016) described in detail the mechanisms of nephroprotection of SGLT2i,
including activation of TGF and reduction of intraglomerular pressure. The large clinical trials
EMPA-REG OUTCOME (Zinman et al., 2015), DAPA-HF (McMurray et al., 2019),
CREDENCE (Perkovic et al., 2019), DAPA-CKD (Heerspink et al., 2020), and EMPA-
KIDNEY (The EMPA-KIDNEY Collaborative Group, 2023) demonstrated significant cardio-
and nephroprotective effects of SGLT2i, partly explained by changes in water metabolism. The
studies by Gronda et al. (2023) confirmed the role of improved cellular hydration and reduced
oxygen consumption by proximal tubular cells in the mechanisms of organ protection by
SGLT?2i. Thus, Hypothesis 4 receives convincing support from the results of large clinical trials
and mechanistic studies.

Verification of Hypothesis 5. Hypothesis 5 is verified through the analysis of the results of
studies of the ionoregulatory function of the kidneys in diabetes mellitus. The study by Boychuk
et al. (2016) showed impairments of the ionoregulatory function of the kidneys in diabetes
mellitus, including changes in Na* transport and other ions in the proximal tubules. The study
by Olenovych (2020a) confirmed that pharmacological blockade of the RAAS significantly
alters the pattern of ionoregulatory disturbances in experimental diabetes mellitus, indicating a
relationship between the RAAS and the ionoregulatory function of the kidneys in diabetes. The
study by Olenovych et al. (2023) showed features of the ionoregulatory function of rat kidneys
during the development of experimental diabetes mellitus, confirming progressive deterioration
of ion transport in parallel with increasing duration of hyperglycaemia. The study by Olenovych
et al. (2024a) showed impairments of transtubular transport of calcium and phosphates during
the development of alloxan-induced experimental diabetes mellitus, which is one of the
manifestations of the unified syndrome of tubular dysfunction in diabetes. The study by
Olenovych et al. (2025) confirmed that impairments of tubular transport of osmotically active
substances and osmoregulatory processes are part of the unified pathophysiological syndrome
of tubular dysfunction in diabetes. Thus, Hypothesis 5 receives convincing support from the
results of the authors' own research and literature data.

3. PHYSIOLOGY OF RENAL GLUCOSE REABSORPTION

3.1. Anatomy of the Proximal Tubule and Organisation of Reabsorption

The proximal tubule is the first segment of the tubular system of the nephron and is responsible
for the reabsorption of approximately 65-70% of filtered substances, including glucose, amino
acids, phosphates, bicarbonate, and water (Koeppen & Stanton, 2013). Anatomically, it is
divided into three segments: S1 (pars convoluta — convoluted part, first segment), S2 (pars
convoluta— second segment), and S3 (pars recta — straight part, which forms part of the outer
stripe of the renal medulla). The cells of the proximal tubule have a characteristic morphology
that reflects their high transport activity: the apical surface is covered with a brush border
(microvilli), which increases the surface area approximately 36-fold; the basolateral membrane
forms deep folds that increase the contact area with the interstitial space; the cells contain a
large number of mitochondria that provide the energy requirements of active transport



(Christensen et al., 2012). The total apical surface area of the proximal tubules of both human
kidneys is approximately 50-60 m2, which ensures effective reabsorption of large volumes of
primary urine (Kriz & Kaissling, 2008). Studies of the functional state of the kidneys in the
early period of experimental diabetes mellitus showed that already at the initial stages of the
disease, significant changes in tubular functions occur that precede the development of
morphological changes (Boychuk et al., 2017; Olenovych, 2019).

3.2. Glomerular Filtration and Filtered Glucose Load

Glucose is a small molecule (molecular weight 180 Da) with a hydrodynamic radius of
approximately 0.37 nm, which is considerably smaller than the pore size of the glomerular
basement membrane (~8 nm). Therefore, glucose is freely filtered in the renal glomeruli with
virtually no restrictions (Brenner et al., 1978). The filtration coefficient of glucose (0)
approaches 1.0, meaning that the glucose concentration in the primary urine is practically equal
to its concentration in the blood plasma. The GFR in a healthy adult is 90-125 mL/min (mean
125 mL/min for men and 110 mL/min for women), corresponding to a daily volume of primary
urine of 130-180 L (Levey et al., 2009). At normal glycaemia (5.0-5.5 mmol/L), the filtered
glucose load (FGL) is:

FGL=GFRxCglucose=125 mL/minx5.0 mmol/L=0.625 mmol/min=112.5 mg/minFGL=GFR
xCglucose=125 mL/minx5.0 mmol/L=0.625 mmol/min=112.5 mg/min

Per day, the following amount passes through the renal filter:

FGLdaily=125 mL/minx1440 min/dayx5.0 mmol/Lx180 mg/mmol=162 g/dayFGLdaily
=125 mL/minx1440 min/dayx5.0 mmol/Lx180 mg/mmol=162 g/day

Thus, approximately 162—-180 g of glucose is filtered through the glomeruli daily, which under
normal conditions is completely reabsorbed in the proximal tubules (Gerich, 2010; Alsahli &
Gerich, 2020). Studies of the excretory function of the kidneys in the early period of alloxan-
induced experimental diabetes confirmed that changes in FGL are one of the first manifestations
of renal dysfunction in diabetes (Boychuk et al., 2018).

3.3. Molecular Biology of SGLT Transporters

3.3.1. SGLT2: The Main Renal Glucose Transporter

SGLT2 (encoded by the gene SLC5A2) is the main glucose transporter in the kidneys and is
responsible for the reabsorption of approximately 90% of filtered glucose (Wright et al., 2011).
SGLT2 is localised exclusively on the apical membrane of cells of the S1 and S2 segments of
the proximal tubule. From the perspective of molecular structure, SGLT2 is a monomeric
protein consisting of 672 amino acid residues and containing 14 transmembrane domains (Deng
et al., 2014). The transporter functions via a symport mechanism: it simultaneously transports
1 molecule of glucose and 1 Na* ion from the tubular lumen into the cell (Na*:glucose ratio =
1:1). The driving force for transport is the electrochemical sodium gradient maintained by
Na'/K*-ATPase on the basolateral membrane (Kanai et al., 1994). The kinetic characteristics
of SGLT2 include a Michaelis constant (Km) for glucose of approximately 2 mmol/L (low
affinity) and a high maximum transport rate (Vmax) — high capacity. The low affinity of
SGLT2 for glucose means that at physiological glucose concentrations (5-10 mmol/L), the
transporter operates far below its maximum rate, which provides a reserve of reabsorptive
capacity (Vallon & Thomson, 2020). Studies of the ionoregulatory function of the kidneys in
diabetes mellitus showed that impairment of Na* and glucose cotransport is one of the key
mechanisms of diabetic nephropathy development (Boychuk et al., 2016; Olenovych et al.,
2023).

3.3.2. SGLT1: The Reserve Transporter

SGLT1 (encoded by the gene SLC5A1) is the second most important glucose transporter in the
kidneys and is responsible for the reabsorption of approximately 10% of filtered glucose




(Hummel et al., 2011). SGLTL1 is localised on the apical membrane of cells of the S3 segment
of the proximal tubule and plays the role of a "reserve™ mechanism under conditions of
increased filtration load. The Kkinetic characteristics of SGLT1 differ fundamentally from those
of SGLT2: Km for glucose approximately 0.4 mmol/L (high affinity), low Vmax (low
capacity), Na*:glucose ratio = 2:1. The high affinity of SGLT1 for glucose means that this
transporter effectively reabsorbs residual glucose even at very low concentrations in the tubular
fluid. When SGLT2 is blocked by inhibitors, compensatory activation of SGLT1 can reabsorb
additional glucose, which partially limits the effectiveness of therapy (Spellman et al., 2024;
Hotait et al., 2022).

3.3.3. GLUT2 and GLUT1: Basolateral Glucose Exit

After reabsorption through SGLT transporters, glucose exits the cells of the proximal tubule
into the interstitial space through facilitated diffusion transporters on the basolateral membrane.
The main transporter is GLUT2 (encoded by the gene SLC2A2), which provides bidirectional
glucose transport along the concentration gradient (Thorens & Mueckler, 2010). GLUT1 plays
an auxiliary role and provides basal glucose transport. GLUT2 has low affinity for glucose (Km
~15-20 mmol/L), which ensures effective glucose exit from the cell even at relatively low
intracellular concentrations. In hyperglycaemia and elevated intracellular glucose content,
transport through GLUT2 increases proportionally, preventing glucose accumulation in the
cells of the proximal tubule (Thorens & Mueckler, 2010).

3.4. Maximum Tubular Glucose Reabsorption (Tm_G)

3.4.1. Definition and Reference Values

Tm_G is the maximum amount of glucose that the kidneys are capable of reabsorbing per unit
time under conditions of saturation of all transport systems. Tm_G is an integral indicator of
the reabsorptive capacity of the kidneys for glucose and depends on the total number of
functioning SGLT2 and SGLT1 transporters. Reference values of Tm_G in healthy adults: men
— 375 £ 80 mg/min (2.08 £ 0.44 mmol/min); women — 303 + 55 mg/min (1.68 + 0.31
mmol/min). The sex difference in Tm_G is explained by differences in total renal tissue mass
and number of nephrons (Chasis et al., 1933). Studies of the renal mechanisms of carbohydrate
status regulation during the development of experimental diabetes mellitus showed that Tm_G
changes depending on the duration and severity of hyperglycaemia, which is an important
pathophysiological mechanism of diabetic nephropathy progression (Olenovych et al., 2020).
3.4.2. Theoretical Calculation of the Renal Threshold

Theoretically, the RGT can be calculated as the ratio of Tm_G to GFR:
Cthreshold(theor)=TmGGFR=375 mg/min125 mL/min=3 mg/mL=16.7 mmol/LCthreshold(th
eor)=GFRTMG=125 mL/min375 mg/min=3 mg/mL=16.7 mmol/L|

However, the real RGT (8.9-10.0 mmol/L) is considerably lower than the theoretical value.
This is explained by the "splay” phenomenon — the gradual, rather than abrupt, onset of
glucosuria with increasing glycaemia (Smith, 1951).

3.5. The ""Splay" Phenomenon and Its Physiological Significance

The "splay" phenomenon describes the deviation of the real glucose reabsorption curve from
the theoretical rectangular shape. In an ideal model, glucosuria should begin abruptly upon
reaching Tm_G. In reality, however, glucose begins to appear in the urine at considerably lower
glycaemia levels, and the reabsorption curve has a gradual transitional segment. The "splay"
phenomenon has two components: pre-saturation splay (glucose appears in the urine before
Tm_G is reached — explained by nephron heterogeneity) and post-saturation splay
(reabsorption continues to increase after the "threshold"” is reached — explained by Michaelis-
Menten Kkinetics). Different nephrons have different ratios of GFR to Tm_G, so some nephrons
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reach transporter saturation earlier than others. According to Michaelis-Menten kinetics, the
transport rate (V) is described by the equation:

V=Vmaxx[S]Km+[S]V=Km+[S]Vmaxx][S]

where [S] is the glucose concentration in the tubular fluid and Km is the Michaelis constant (~2
mmol/L for SGLT2). At glucose concentrations several times higher than Km, the transporter
approaches Vmax but never reaches it absolutely (Spellman et al., 2024). The “splay"
phenomenon explains why the RGT is not a fixed point but a range (8-10 mmol/L), and why it
can differ substantially between individuals. Clinically, this means that the absence of
glucosuria does not guarantee normoglycaemia (especially with elevated Tm_G in T2DM), and
the presence of glucosuria does not always indicate hyperglycaemia (with reduced RGT —
renal glucosuria) (DeFronzo et al., 2013).

4. PLASMA OSMOLALITY AND CELLULAR HYDRATION

4.1. Physiological Limits of Plasma Osmolality

Plasma osmolality is one of the most tightly regulated parameters of the internal environment
of the body. In healthy adults, it is maintained within 285-295 mOsm/kg H-O, with a mean
value of approximately 290 mOsm/kg (Knepper et al., 2015). Deviations from this range of
more than 1-2% activate powerful compensatory mechanisms. Plasma osmolality is calculated
by the formula:
Posm=2x[Na+]+[Glu]+[Urea]Posm=2x[Na+]+[Glu]+[Urea]

where [Na*] is the plasma sodium concentration (mmol/L), [Glu] is the glucose concentration
(mmol/L), and [Urea] is the urea concentration (mmol/L) (Rose & Post, 2001). At normal
values ([Na*] = 140 mmol/L, [Glu] = 5 mmol/L, [Urea] = 5 mmol/L):

Posm=2x140+5+5=290 mOsm/kgPosm=2x140+5+5=290 mOsm/kg|

Each mmol/L of glucose contributes 1 mOsm/kg to plasma osmolality. Thus, an increase in
glycaemia from 5 to 10 mmol/L increases plasma osmolality by 5 mOsm/kg — from 290 to
295 mOsm/kg, which corresponds to the upper limit of the normal range. Studies of urinary
osmotic concentration during the development of alloxan-induced experimental diabetes
showed that impairment of the osmoregulatory function of the kidneys progresses in parallel
with increasing plasma osmolality (Olenovych & Zukow, 2022; Olenovych et al., 2025).

4.2. Key Observation: Mathematical Correspondence Between the RGT and the Upper
Limit of Normal Osmolality

The central observation of this review is the mathematical correspondence between the RGT
(8-10 mmol/L) and the upper limit of normal plasma osmolality (295 mOsm/kg). At a
glycaemia of 10 mmol/L and normal values of sodium and urea:

Posm=2x140+10+5=295 mOsm/kgPosm=2x140+10+5=295 mOsm/kg

This is precisely the upper limit of normal osmolality. A further increase in glycaemia leads to
plasma hyperosmolality, which causes cellular dehydration. The probability that this
correspondence is coincidental is extremely small. A more logical assumption, proposed by
Prof. Gozhenko A.l. (Gozhenko et al., 2017; Olenovych et al., 2020), is that the RGT is an
evolutionarily formed mechanism that prevents the critical osmolality threshold from being
exceeded. The kidney "allows" glucose to enter the urine precisely when its plasma
concentration reaches a level that threatens cellular hydration. This hypothesis is consistent
with the results of studies of the features of tubular transport of osmotically active substances
and osmoregulatory processes during the development of alloxan-induced experimental
diabetes mellitus (Olenovych et al., 2025).

4.3. Mechanisms of Cellular Dehydration in Hyperosmolality

4.3.1. Osmotic Water Movement
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When the osmolality of the extracellular fluid increases, an osmotic gradient arises between the
extracellular and intracellular spaces. Water moves from cells into the extracellular space along
the osmotic pressure gradient through aquaporin channels and by simple diffusion through the
lipid bilayer (Knepper et al., 2015). The rate of water movement depends on the magnitude of
the osmotic gradient (AOsm), the water permeability of the cell membrane (Lp), and the cell
surface area (A):

IW=LpxAxATIW=LpxAxAIT

where Jw is the water flux and AIT is the osmotic pressure difference (Finkelstein, 1987).
4.3.2. Aquaporins and Their Role in Cellular Hydration

Aguaporins (AQPs) are a family of integral membrane proteins that form water channels and
facilitate rapid water transport across cell membranes. Several types of aquaporins with
different localisations and functions have been identified in the kidneys (Nielsen et al., 2002):
AQP1 is localised on the apical and basolateral membranes of proximal tubule cells and the
thin descending limb of the loop of Henle and provides reabsorption of ~70% of filtered water;
AQP2 is localised on the apical membrane of collecting duct cells, regulated by ADH
(vasopressin), and is the key mediator of the antidiuretic effect; AQP3 and AQP4 are localised
on the basolateral membrane of collecting duct cells and provide water exit from the cells. In
plasma hyperosmolality, ADH secretion is activated, which stimulates the movement of AQP2
from intracellular vesicles to the apical membrane of collecting duct cells, increasing their water
permeability and promoting water reabsorption (Knepper et al., 2015).

4.3.3. Organ Specificity of Cellular Dehydration

Different cell types have different sensitivity to osmotic stress. Neurons are the most sensitive
to changes in osmolality: brain cells cannot freely expand due to the rigidity of the skull, so
even moderate cellular dehydration can lead to neurological symptoms. Clinically significant
neuronal dysfunction is observed when plasma osmolality exceeds 295-300 mOsm/kg. At
osmolality above 320 mOsm/kg, severe neurological disturbances develop, including seizures
and coma (Stoner, 2005). Erythrocytes respond to hyperosmolality with a decrease in volume
and an increase in blood viscosity, which impairs microcirculation and may contribute to
thrombosis. Hepatocytes in cellular dehydration reduce glycogen synthesis and enhance
glycogenolysis and gluconeogenesis, which may amplify hyperglycaemia (H&aussinger et al.,
1994). Proximal tubular cells of the kidney in hyperosmolality activate osmoprotective
mechanisms: accumulation of organic osmolytes (sorbitol, betaine, taurine, myo-inositol),
which allows cells to adapt to elevated osmolality without significant volume loss (Burg et al.,
1997). Studies of the histomorphological features of the pancreas of rats with alloxan-induced
diabetes of different durations showed progressive changes in the parenchyma that correlate
with the degree of hyperosmolality and impairment of water metabolism (Olenovych et al.,
2024).

4.4. Regulation of Osmolality: The Hypothalamic-Pituitary Axis and ADH
Osmoreceptors of the hypothalamus (predominantly in the supraoptic and paraventricular
nuclei) are extremely sensitive sensors of plasma osmolality. The activation threshold of
osmoreceptors is approximately 280-285 mOsm/kg, and an increase in osmolality of 1-2%
already causes a significant increase in ADH secretion (Bankir et al., 2017). ADH (vasopressin,
AVP) is a nonapeptide synthesised in hypothalamic neurons and secreted from the posterior
pituitary. The main effects of ADH include: antidiuretic effect (binding to V2 receptors of
collecting ducts — activation of adenylate cyclase — increase in cAMP — phosphorylation of
AQP2 — movement of AQP2 to the apical membrane — increase in water permeability —
water reabsorption); vasoconstrictive effect (binding to V1a receptors of smooth muscle cells
of blood vessels — vasoconstriction at high concentrations); stimulation of thirst (binding to
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receptors of the thirst centre in the hypothalamus — sensation of thirst — increased fluid intake)
(Knepper et al., 2015). In glucosuria, competition arises between the osmotic effect of glucose
and the antidiuretic effect of ADH. Glucose present in the tubular lumen increases the
osmolality of the tubular fluid and prevents water reabsorption, despite elevated ADH levels.
Studies of the osmoregulatory function of the kidneys during the development of alloxan-
induced experimental diabetes confirmed progressive impairment of the ability of the kidneys
to concentrate urine, reflecting impairment of the interaction between the ADH-aquaporin
system and osmotic diuresis (Olenovych & Zukow, 2022; Olenovych et al., 2025).

5. RENAL GLUCOSE THRESHOLD: A NEW CONCEPTUAL MODEL

5.1. Traditional Model: RGT as a Consequence of Transporter Saturation

The traditional model of the RGT, which dominates physiology textbooks and clinical
medicine, regards glucosuria exclusively as a consequence of SGLT2 transporter saturation
when a certain glycaemia level is exceeded. According to this model, the RGT is determined
by the number and kinetic characteristics of SGLT2 in the proximal tubules, glucosuria is a
"passive™ consequence of transport system overload, and the evolutionary significance of the
RGT is explained solely by transport capacity limitations (Gerich, 2010). This model is correct
from a molecular point of view, but does not answer the question of the evolutionary rationale
for precisely this level of RGT.

5.2. New Model of Prof. Gozhenko A.l.: RGT as a Mechanism for the Protection of
Cellular Hydration

We propose an alternative conceptual model, first formulated by Prof. Gozhenko A.l.
(Gozhenko et al., 2017; Olenovych et al., 2020; Olenovych et al., 2025), according to which
the RGT is an evolutionarily formed mechanism for the protection of cellular hydration. The
key propositions of this model are as follows.

First, the mathematical correspondence between the RGT and the upper limit of normal
osmolality is not coincidental: at a glycaemia of 10 mmol/L and normal values of sodium and
urea, plasma osmolality is 295 mOsm/kg — precisely the upper limit of the normal range.
Second, glucosuria is an active protective mechanism, not a passive consequence of overload:
the excretion of glucose in the urine reduces the osmotic load on the blood plasma and prevents
further increases in osmolality — this is a "pressure relief valve" for osmotic pressure.

Third, the organism "sacrifices" glucose in order to maintain cellular hydration, reflecting the
hierarchy of physiological priorities: maintaining water homeostasis is more critical for survival
than preserving every gram of glucose.

Fourth, the adaptive elevation of the RGT in T2DM is a pathological phenomenon that disrupts
the protective mechanism of glucosuria, allowing glycaemia to rise to levels that cause chronic
cellular dehydration and hyperosmolality.

This concept is consistent with the results of studies of the features of the osmoregulatory
function of the kidneys during the development of experimental diabetes mellitus, which
showed progressive impairment of urinary osmotic concentration in parallel with increasing
duration and severity of hyperglycaemia (Olenovych & Zukow, 2022; Olenovych et al., 2025).
5.3. Evidence Supporting the New Model

The evolutionary conservation of the RGT at 8-10 mmol/L in different mammals indicates its
important physiological significance. If the RGT were determined solely by the kinetics of
SGLT?2, greater variability between species would be expected. Instead, the correspondence of
the RGT with the upper limit of normal osmolality is observed in most mammals, supporting
the hypothesis of the evolutionary rationale for this level (Vallon & Thomson, 2020). Clinical
observations also confirm the relationship between the RGT and osmotic homeostasis:
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glucosuria in pregnancy (reduction of RGT due to hyperfiltration) protects against
hyperosmolality in gestational diabetes; elevation of the RGT in T2DM correlates with elevated
mean plasma osmolality and chronic cellular dehydration; SGLT2i therapy, which reduces the
RGT, improves cellular hydration and reduces plasma osmolality (Ferrannini et al., 2014).
Studies of the ionoregulatory function of the kidneys in diabetes mellitus showed that
impairments of ion transport in the proximal tubules are closely related to changes in osmotic
homeostasis (Boychuk et al., 2016; Olenovych et al., 2023). The use of SGLT2i is a natural
experiment confirming the new model: artificial reduction of the RGT to approximately 4-5
mmol/L leads to a reduction in plasma osmolality, improvement of cellular hydration, reduction
of blood pressure, improvement of renal function, and cardioprotective effects (Zinman et al.,
2015; McMurray et al., 2019).

6. RENAL GLUCOSE THRESHOLD IN DIABETES MELLITUS

6.1. Changes in RGT and Tm_G in Type 2 Diabetes Mellitus

In T2DM, a paradoxical elevation of the RGT and Tm_G is observed, which is one of the
mechanisms maintaining chronic hyperglycaemia. The study by Rahmoune et al. (2005)
showed that in patients with T2DM, Tm_G is elevated by approximately 20% compared to
healthy individuals (375 mg/min vs. 450 mg/min). Subsequent studies by DeFronzo et al.
(2013) confirmed these data and showed that the RGT in T2DM can be 11-13 mmol/L instead
of the normal 8.9-10.0 mmol/L. The mechanisms of Tm_G elevation in T2DM include:
upregulation of SGLT2 expression (chronic hyperglycaemia stimulates transcription of the
SLC5A2 gene through mechanisms including activation of the transcription factor HNF-1o and
epigenetic modifications); hypertrophy of the proximal tubules (increase in proximal tubular
mass by 15-20%, which increases the total number of SGLT2 transporters); increased activity
of Na'/K*-ATPase (hyperglycaemia stimulates the activity of Na*/K*-ATPase on the basolateral
membrane, which strengthens the electrochemical sodium gradient and increases the driving
force for SGLT2); increased GFR at early stages (hyperfiltration in early T2DM increases FGL,
which stimulates adaptive elevation of Tm_G) (Vallon & Thomson, 2020; DeFronzo et al.,
2013).

The elevation of the RGT in T2DM has important clinical consequences: patients with T2DM
may have glycaemia of 11-13 mmol/L without glucosuria; the absence of the protective
mechanism of glucosuria allows plasma osmolality to chronically exceed 295-300 mOsm/kg,
leading to chronic cellular dehydration; cellular dehydration stimulates secretion of glucagon
and cortisol, which amplifies hyperglycaemia and closes the vicious circle (Haussinger et al.,
1994). Studies of the renal mechanisms of carbohydrate status regulation during the
development of experimental diabetes mellitus confirmed that changes in Tm_G are one of the
key pathophysiological mechanisms of diabetic nephropathy progression (Olenovych et al.,
2020). DeFronzo (2009) proposed the concept of the "ominous octet” — eight
pathophysiological mechanisms maintaining hyperglycaemia in T2DM, among which is
elevated renal glucose reabsorption (elevated Tm_G and RGT). This concept emphasises that
the kidneys are not only a "victim" of diabetes, but also an active participant in the pathogenesis
of hyperglycaemia.

6.2. Changes in RGT in Type 1 Diabetes Mellitus

In T1IDM, the situation is more variable and depends on the stage of the disease. At the early
stages of T1DM, the RGT may be normal or somewhat reduced. Hyperfiltration observed at
the early stages of TIDM increases FGL with relatively unchanged Tm_G, which reduces the
effective RGT. This explains why glucosuria in TIDM may appear at relatively lower
glycaemia levels than in T2DM (Mogensen, 1976). With the development of diabetic
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nephropathy and a decline in GFR (<60 mL/min/1.73 m?), the RGT increases. At GFR <30
mL/min/1.73 m2, glucosuria may be absent even with significant hyperglycaemia (>15
mmol/L), since the decrease in FGL is compensated by a decrease in Tm_G (Cherney et al.,
2014). In diabetic ketoacidosis (DKA), significant glucosuria (>50 g/day) is one of the key
mechanisms of osmotic diuresis and dehydration. The fluid deficit in DKA can be 3-6 L, and
in hyperosmolar hyperglycaemic state — 8-10 L (Kitabchi et al., 2009). Studies of the
pathophysiology of proteinuria during the development of alloxan-induced experimental
diabetes mellitus showed that impairments of glomerular filtration and tubular protein
reabsorption are interrelated processes reflecting the general impairment of the functional state
of the nephron in diabetes (Olenovych, 2019; Olenovych, 2020c).

6.3. Renal Threshold in Pregnancy

Pregnancy is a physiological state in which the RGT decreases due to hyperfiltration. GFR
during pregnancy increases by 40-60% (to 150-180 mL/min) due to increased cardiac output
and renal blood flow. With relatively unchanged Tm_G, the increase in GFR leads to a decrease
in the effective RGT (Davison & Hytten, 1974):

Cthreshold=TmGGFRpregnancy=375 mg/min175 mL/min=2.14 mg/mL=11.9 mmol/L (theor
etical)Cthreshold=GFRpregnancyTmG=175 mL/min375 mg/min

=2.14 mg/mL=11.9 mmol/L (theoretical)

However, taking into account the "splay” phenomenon, the real RGT during pregnancy
decreases to 6-8 mmol/L, which explains physiological glucosuria of pregnancy — a condition
observed in 10-15% of pregnant women without hyperglycaemia (Davison & Hytten, 1974).
From the perspective of the new conceptual model of Prof. Gozhenko A.l., the reduction of the
RGT during pregnancy is an adaptive mechanism: the foetus requires a stable supply of glucose,
so the mother's organism "adjusts™ the renal threshold to a lower level to prevent excessive
hyperglycaemia and the associated hyperosmolality, which could negatively affect foetal
development.

6.4. Renal Threshold in Chronic Kidney Disease

In CKD, the relationships between GFR, Tm_G, and RGT change substantially. At early stages
of CKD (GFR 60-89 mL/min/1.73 m?), the decline in GFR may be partially compensated by
preserved or even elevated Tm_G in functioning nephrons (hypertrophy and hyperfunction of
residual nephrons). At late stages of CKD (GFR <30 mL/min/1.73 m?), the decrease in the total
number of functioning nephrons leads to a proportional decrease in both GFR and Tm_G, but
the RGT increases, since the relative decrease in GFR outpaces the decrease in Tm_G (Tuttle
etal., 2014). At CKD stages 3b—4 (GFR 15-44 mL/min/1.73 m2), the effectiveness of SGLT?2i
as glucose-lowering agents decreases substantially due to the reduction in FGL. However, the
cardio- and nephroprotective effects of these drugs are preserved at lower GFR values (down
to 20 mL/min/1.73 m?2), indicating the presence of mechanisms of action independent of
glucosuria (Perkovic et al., 2019; Wanner et al., 2016). Studies of the renin-angiotensin system
in the regulation of excretory renal function in experimental diabetes mellitus showed that
RAAS activation is one of the key mechanisms of renal dysfunction progression in diabetes
(Olenovych, 2020).

7. GLUCOSURIA AND WATER METABOLISM: PATHOPHYSIOLOGICAL
MECHANISMS

7.1. Osmotic Diuresis: Mechanisms and Quantitative Characteristics

Osmotic diuresis occurs when a sufficient amount of non-reabsorbed osmolytes accumulates in
the tubular lumen, preventing water reabsorption. In glucosuria, non-reabsorbed glucose is the
main osmolyte causing osmotic diuresis. The mechanism of osmotic diuresis in glucosuria

15



includes several successive stages. At the first stage, glucose accumulates in the proximal
tubular lumen: when the RGT is exceeded, non-reabsorbed glucose remains in the tubular
lumen, increasing the osmolality of the tubular fluid. At the second stage, water reabsorption in
the proximal tubule decreases: normally, water reabsorption is isosmotic, but when the
osmolality of the tubular fluid increases due to glucose accumulation, the osmotic gradient
between the tubular fluid and the peritubular capillaries decreases, reducing water reabsorption
(Koeppen & Stanton, 2013). At the third stage, the volume of fluid entering the loop of Henle
increases, which "dilutes” the concentration gradient in the renal medulla and reduces the
efficiency of urine concentration. At the fourth and fifth stages, the concentration gradient in
the renal medulla is disrupted and diuresis increases — the result is a significant increase in the
volume of final urine with relatively low osmolality, despite elevated ADH levels (Sands &
Layton, 2021). Studies of urinary osmotic concentration during the development of alloxan-
induced experimental diabetes confirmed progressive deterioration of the ability of the kidneys
to concentrate urine, which is a direct reflection of the described mechanisms of osmotic
diuresis (Olenovych & Zukow, 2022).

Each gram of glucose excreted in the urine "pulls” approximately 15-20 mL of water with it
(Koeppen & Stanton, 2013). Thus:

Glucosuria Additional diuresis Clinical situation

(g/day) (mL/day)

5-10 75-200 Minimal hyperglycaemia

20-30 300-600 Moderate T2DM decompensation

50-70 7501400 Significant _ T2DM
decompensation

60-100 900-2000 SGLT2i therapy

>100 >2000 Severe T2DM decompensation

In hyperosmolar hyperglycaemic state (HHS), glucosuria may exceed 200-300 g/day, leading
to diuresis of 4-6 L/day and a fluid deficit of 8-10 L (Kitabchi et al., 2009; Stoner, 2005). The
osmolar clearance (Cosm) in glucosuria is described by the formula:

Cosm=UosmxV PosmCosm=PosmUosmxV|

where Uosm is urine osmolality (mOsm/kg), V'V is urine volume (mL/min), and Posm is
plasma osmolality (mOsm/kg). Free water clearance (CH20) is an indicator reflecting the ability
of the kidneys to excrete or retain "free" water:

CH20=V —Cosm=V"x(1-UosmPosm)CH20=V —Cosm=V"x(1-PosmUosm)|

In osmotic diuresis caused by glucosuria, CH20 is usually positive (the kidneys excrete
hypotonic urine), leading to relative hypernatraemia and plasma hyperosmolality (Rose & Post,
2001). Studies of the features of tubular transport of osmotically active substances and
osmoregulatory processes during the development of alloxan-induced experimental diabetes
mellitus confirmed progressive impairment of osmolar clearance and free water clearance with
increasing duration of diabetes (Olenovych et al., 2025).

7.2. Electrolyte Disturbances in Glucosuria

Osmotic diuresis in glucosuria leads to natriuresis; however, sodium losses are relatively
smaller compared to water losses. The sodium concentration in urine during osmotic diuresis is
usually 40-80 mmol/L. This means that the urine is hypotonic relative to plasma, and fluid
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losses are predominantly "free water” in nature (Palmer & Clegg, 2015). In uncompensated
glucosuria, hypertonic dehydration develops (loss predominantly of water with relative
preservation of sodium), manifesting as plasma hyperosmolality, hypernatraemia, and cellular
dehydration. It is important to take into account the phenomenon of "pseudohyponatraemia™ in
hyperglycaemia: every 5.5 mmol/L increase in glycaemia above normal reduces the measured
plasma sodium concentration by approximately 1.6 mmol/L due to osmotic movement of water
from cells into the extracellular space (Hillier et al., 1999). Glucosuria and the associated
osmotic diuresis lead to kaliuresis through: increased delivery of sodium to the distal nephron
segments, secondary hyperaldosteronism due to reduced CBV, and increased fluid flow through
the distal nephron (Palmer & Clegg, 2015). Despite significant urinary potassium losses, in
DKA the plasma K* level may be normal or even elevated due to K* exit from cells in acidosis
and insulin deficiency (total K* deficit in DKA is 3-5 mmol/kg body weight) (Kitabchi et al.,
2009). Osmotic diuresis also reduces the reabsorption of phosphates and magnesium in the
proximal tubules, which may lead to hypophosphataemia and hypomagnesaemia (Biber et al.,
2013; Quamme, 1997). Studies of the features of the ionoregulatory function of rat kidneys
during the development of experimental diabetes mellitus showed progressive impairment of
the transport of major ions, correlating with the duration of hyperglycaemia and the degree of
proximal tubular damage (Olenovych et al., 2023; Olenovych, 2020a). Studies of transtubular
transport of calcium and phosphates during the development of alloxan-induced experimental
diabetes mellitus showed that impairment of the reabsorption of these ions is one of the early
manifestations of diabetic tubulopathy (Olenovych et al., 2024a).

7.3. Dehydration and Its Systemic Consequences

Dehydration is classified by severity depending on the percentage of body weight loss: mild
(1-2%) — thirst, slight reduction in diuresis; moderate (3-5%) — pronounced thirst, dry
mucous membranes, tachycardia, reduced skin turgor; severe (6-9%) — pronounced
tachycardia, hypotension, oliguria, impaired consciousness; critical (>10%) — shock, anuria,
coma (Cheuvront & Kenefick, 2014). In chronic glucosuria (for example, in uncompensated
T2DM), dehydration develops gradually and may reach 3-5% without pronounced clinical
symptoms, as the body partially compensates for fluid losses through the thirst mechanism and
reduced diuresis. In dehydration caused by glucosuria, the following compensatory
mechanisms are activated: the thirst mechanism (plasma hyperosmolality stimulates
hypothalamic osmoreceptors — sensation of thirst — increased fluid intake); RAAS activation
(reduction of CBV — activation of renal baroreceptors — increased renin secretion —
formation of angiotensin II — stimulation of aldosterone secretion — sodium and water
retention); increased ADH secretion (plasma hyperosmolality and reduced CBV are two
independent stimuli for ADH secretion); sympathetic activation (reduction of CBV activates
the sympathetic nervous system — tachycardia, vasoconstriction, increased cardiac output)
(Bankir et al., 2017; Schrier, 2010). Studies of the renin-angiotensin system in the regulation of
excretory renal function in experimental diabetes mellitus confirmed the key role of the RAAS
in compensating for dehydration in diabetes and showed that pharmacological blockade of the
RAAS significantly alters the pattern of electrolyte disturbances (Olenovych, 2020; Olenovych,
2020a).

Hyperosmolar hyperglycaemic state (HHS) is the most severe manifestation of water
metabolism disturbances in diabetes mellitus. The diagnostic criteria for HHS include:
glycaemia >33.3 mmol/L (600 mg/dL), plasma osmolality >320 mOsm/kg, absence or minimal
ketoacidosis (pH >7.30, bicarbonate >15 mmol/L), and impaired consciousness of varying
degree. The pathophysiology of HHS includes a vicious circle: hyperglycaemia — osmotic
diuresis — dehydration — increased plasma osmolality — further increase in glycaemia (due
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to reduced renal glucose clearance with decreasing CBV and GFR) — even greater dehydration.
Mortality in HHS is 5-20%, which is considerably higher than in DKA (Kitabchi et al., 2009).

8. INTERACTION OF THE RENAL GLUCOSE THRESHOLD WITH OTHER
SYSTEMS OF WATER METABOLISM REGULATION

8.1. The ADH-Aquaporin System and Glucosuria

ADH acts on collecting duct cells through V2 receptors coupled to Gs protein. Binding of ADH
to the V2 receptor activates adenylate cyclase — increase in intracellular cAMP — activation
of protein kinase A (PKA) — phosphorylation of AQP2 at residue Ser256 — movement of
AQP2-containing vesicles to the apical membrane — increase in water permeability — water
reabsorption (Knepper et al., 2015). Prolonged ADH stimulation also increases transcription of
the AQP2 gene, increasing the total number of AQP2 molecules in collecting duct cells (Nielsen
et al., 2002). In glucosuria, functional competition arises between the osmotic effect of glucose
and the antidiuretic effect of ADH. Even at maximum ADH concentration and maximum water
permeability of the collecting ducts, the kidneys cannot completely reabsorb water if the
osmotic load exceeds a certain threshold. This explains why polyuria in uncompensated
diabetes persists even in the presence of pronounced plasma hyperosmolality and maximal
ADH secretion. In diabetes mellitus, changes in the expression and function of renal aquaporins
are observed: studies in animal models of diabetes showed reduced expression of AQP2 and
AQP3 in the collecting ducts, which may partly explain the impairment of the concentrating
function of the kidneys in diabetes (Nielsen et al., 2002). Studies of the osmoregulatory function
of the kidneys during the development of alloxan-induced experimental diabetes confirmed
progressive impairment of the ability of the kidneys to concentrate urine, reflecting impairment
of the interaction between the ADH-aquaporin system and osmotic diuresis (Olenovych &
Zukow, 2022; Olenovych et al., 2025).

8.2. The Renin-Angiotensin-Aldosterone System and Glucosuria

Glucosuria and the associated dehydration activate the RAAS through two main mechanisms:
baroreceptor (reduction of CBV — decrease in pressure in afferent arterioles — activation of
baroreceptors of the juxtaglomerular apparatus — increased renin secretion) and
tubuloglomerular (increased NaCl delivery to the macula densa — activation of
tubuloglomerular feedback — increased renin secretion) (Vallon & Thomson, 2020). Renin —
angiotensin [ — angiotensin II (via ACE) — aldosterone — retention of Na* and excretion of
K* in collecting ducts — partial compensation for fluid losses. Studies of the renin-angiotensin
system in the regulation of excretory renal function in experimental diabetes mellitus showed
that RAAS activation is one of the key mechanisms of dehydration compensation in diabetes,
and pharmacological blockade of the RAAS significantly alters the pattern of electrolyte
disturbances and the osmoregulatory function of the kidneys (Olenovych, 2020; Olenovych,
2020a). During SGLT2i therapy, moderate RAAS activation is observed due to reduction of
CBV and natriuresis. However, unlike classical diuretics, SGLT2i do not cause pronounced
electrolyte disturbances, since the natriuresis during their use is moderate and self-limiting
(Heerspink et al., 2016).

8.3. Tubuloglomerular Feedback and the RGT

Tubuloglomerular feedback (TGF) is a key mechanism of GFR and renal blood flow
autoregulation. When NaCl delivery to the macula densa increases, TGF is activated — afferent
vasoconstriction — decrease in GFR and renal blood flow (Vallon & Thomson, 2020). In
T2DM, increased reabsorption of glucose and NaCl through SGLT2 in the proximal tubule
reduces NaCl delivery to the macula densa — suppression of TGF — afferent vasodilation —
increase in GFR and intraglomerular pressure — hyperfiltration — progression of diabetic
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nephropathy (Vallon & Thomson, 2020). SGLT2 inhibitors, by blocking glucose and NaCl
reabsorption in the proximal tubule, increase NaCl delivery to the macula densa — activation
of TGF — afferent vasoconstriction — decrease in GFR and intraglomerular pressure —
nephroprotective effect (Upadhyay, 2024; Heerspink et al., 2016). Studies of glomerulotubular
balance in experimental nephritis in young and old rats showed that impairment of this balance
is one of the key mechanisms of renal dysfunction progression (Dotsyuk et al., 2012), which
has direct relevance for understanding the pathophysiology of diabetic nephropathy.

9. SGLT2 INHIBITORS: PHARMACOLOGICAL REDUCTION OF THE RENAL
THRESHOLD AND ITS CONSEQUENCES FOR WATER METABOLISM

9.1. Mechanism of Action and Pharmacological Characteristics

SGLT2 inhibitors (gliflozins) are a class of oral glucose-lowering drugs that act by competitive
and reversible blockade of SGLT2 in the proximal tubules of the kidneys. This leads to an
artificial reduction of the RGT to approximately 4-5 mmol/L and an increase in urinary glucose
excretion to 60-100 g/day (Mudaliar et al., 2015). Currently, four main representatives of the
class are used in clinical practice:

Drug SGLT2/SGLT1 selectivity ~ Daily dose FDA approval
Dapagliflozin ~1200:1 5-10 mg 2012
Canagliflozin ~250:1 100-300 mg 2013
Empagliflozin =~ ~2700:1 10-25 mg 2014
Ertugliflozin ~2000:1 5-15mg 2017

SGLT2i reduce Tm_G and RGT in a dose-dependent manner: at maximum therapeutic doses,
Tm_G decreases by approximately 30-50% from baseline, the RGT decreases from 10-13
mmol/L (in T2DM) to approximately 4-5 mmol/L, and urinary glucose excretion increases to
60-100 g/day (DeFronzo et al., 2013; Ferrannini et al., 2014). It is important that the
effectiveness of SGLT2i depends on the glycaemia level: at normoglycaemia, glucosuria is
minimal since FGL is low, which explains the low risk of hypoglycaemia with SGLT2i
monotherapy (Zinman et al., 2015).

9.2. Effects of SGLT2i on Water Metabolism

Glucosuria induced by SGLT2i is accompanied by osmotic diuresis. With excretion of 70-80
g of glucose per day, the additional diuresis is approximately 1.0-1.6 L/day. Studies using the
isotope dilution method showed that SGLT2i therapy leads to a reduction in CBV by
approximately 7-10% from baseline (Marton et al., 2024). Alongside glucosuria, SGLT2i cause
natriuresis through a direct effect (SGLT2 blockade reduces Na' cotransport together with
glucose) and an indirect effect via TGF. Natriuresis during SGLT2i therapy is self-limiting:
RAAS activation and increased aldosterone levels compensate for the initial sodium losses
within 1-2 weeks (Heerspink et al., 2016). The reduction in systolic BP during SGLT2i therapy
is on average 3-5 mmHg (systolic) and 1-2 mmHg (diastolic) (Tikkanen et al., 2015). SGLT2i
therapy reduces plasma osmolality by approximately 3—7 mOsm/kg through glycaemia
reduction and moderate natriuresis (Ferrannini et al., 2014). From the perspective of the new
conceptual model of Prof. Gozhenko A.l., this reduction in osmolality is one of the key
mechanisms that improves cellular hydration and explains the pleiotropic effects of SGLT2i.
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9.3. Cardioprotective and Nephroprotective Effects of SGLT2i

Three large randomised clinical trials demonstrated significant cardioprotective effects of
SGLT2i. The EMPA-REG OUTCOME trial (Zinman et al., 2015) showed that empagliflozin
reduced the risk of cardiovascular death by 38%, the risk of hospitalisations for heart failure by
35%, and the risk of nephropathy progression by 39%. The CANVAS trial (Neal et al., 2017)
showed that canagliflozin reduced the risk of cardiovascular events by 14% and the risk of
nephropathy progression by 40%. The DECLARE-TIMI 58 trial (Wiviott et al., 2019) showed
that dapagliflozin reduced the risk of hospitalisations for heart failure by 27%. The DAPA-HF
trial (McMurray et al., 2019) showed that dapagliflozin reduced the risk of worsening heart
failure or cardiovascular death by 26% in patients with heart failure with reduced ejection
fraction, both with and without diabetes. The EMPEROR-Reduced trial (Packer et al., 2020)
showed that empagliflozin reduced the risk of cardiovascular death or hospitalisation for heart
failure by 25%. Regarding nephroprotective effects, the CREDENCE trial (Perkovic et al.,
2019) showed that canagliflozin reduced the risk of renal failure, doubling of creatinine level,
or death from renal or cardiovascular causes by 30%. The DAPA-CKD trial (Heerspink et al.,
2020) showed that dapagliflozin reduced the risk of sustained GFR decline of >50%, end-stage
renal disease, or death from renal or cardiovascular causes by 39%. The EMPA-KIDNEY trial
(The EMPA-KIDNEY Collaborative Group, 2023) showed that empagliflozin reduced the risk
of CKD progression or cardiovascular death by 28%.

The cardioprotective effects of SGLT2i are multifactorial and include mechanisms directly
related to changes in water metabolism: reduction of preload (decrease in CBV and venous
return reduces the end-diastolic volume of the left ventricle and cardiac filling pressure);
reduction of afterload (decrease in BP due to natriuresis and reduction of CBV reduces afterload
on the left ventricle); improvement of cellular hydration of cardiomyocytes (reduction of
plasma osmolality improves cellular hydration of cardiomyocytes, which may improve their
function and reduce the risk of arrhythmias) (Marton et al., 2024). The key mechanisms of
nephroprotection are reduction of intraglomerular pressure via TGF and reduction of oxygen
consumption by proximal tubular cells (Vallon & Thomson, 2020; Gronda et al., 2023;
Upadhyay, 2024).

9.4. Risks and Side Effects Related to Water Metabolism

Osmotic diuresis during SGLT2i therapy may lead to clinically significant dehydration,
particularly in elderly patients (reduced sensitivity of the thirst mechanism), patients with
initially reduced CBV, patients receiving loop diuretics or thiazides, and under conditions of
increased sweating or acute illnesses with fluid loss (Scheen, 2015). Orthostatic hypotension is
a clinical manifestation of dehydration and reduced CBV during SGLT2i therapy, with a
frequency of 1-3% in clinical trials. Euglycaemic diabetic ketoacidosis (euDKA) is a rare but
potentially dangerous complication of SGLT?2i therapy with a frequency of approximately 0.1—
0.2% per year in T2DM and considerably higher in TIDM (up to 2-4% per year) (Goldenberg
et al., 2016). Glucosuria during SGLT2i therapy also creates a favourable environment for the
proliferation of microorganisms in the urinary tract and genitalia: the frequency of genital
mycotic infections is 5-10% in women and 2-4% in men (Scheen, 2015).

10. RENAL GLUCOSURIA AS A SEPARATE CLINICAL CONDITION

Renal glucosuria is a condition in which glucose appears in the urine at normal or reduced blood
glucose concentration due to a primary defect in the renal transport systems (Santer & Calado,
2010). The classification of renal glucosuria includes: Type A (reduced RGT and Tm_G — the
most common type), Type B (normal RGT with reduced Tm_G and pronounced "splay” —
rare), and Type O (complete absence of glucose reabsorption — extremely rare). Familial renal
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glucosuria (FRG) is an autosomal recessive disease caused by mutations in the SLC5A2 gene
(SGLT2), with a prevalence of approximately 0.2-0.6% in the general population (Santer et al.,
2003). More than 80 different mutations in the SLC5A2 gene have been described.
Homozygous mutation carriers have significant glucosuria (up to 150 g/day) at normal
glycaemia; heterozygous carriers have moderate glucosuria (1-10 g/day) (Calado et al., 2008;
Santer & Calado, 2010). The clinical course of FRG is predominantly benign: long-term follow-
up (up to 40 years) has not revealed significant adverse consequences for the kidneys, pancreas,
or cardiovascular system, which confirms the long-term safety of SGLT2i therapy (Calado et
al., 2006; Santer & Calado, 2010). From the perspective of the new conceptual model of Prof.
Gozhenko A.l., chronic glucosuria in FRG is a chronic "release” of osmotic pressure that
maintains normal plasma osmolality and cellular hydration even at normal glycaemia, which is
a compelling confirmation of the concept of the RGT as a mechanism for the protection of
cellular hydration.

Fanconi syndrome is a generalised defect of the proximal tubule leading to impaired
reabsorption of glucose, amino acids, phosphates, bicarbonate, and other substances. Renal
glucosuria in Fanconi syndrome is part of a broader tubular defect, the causes of which may be
genetic diseases (cystinosis, Wilson's disease, galactosaemia) or acquired conditions (toxic
damage by heavy metals, antiretroviral drugs, myeloma disease, amyloidosis) (Koeppen &
Stanton, 2013). Differential diagnosis between FRG and Fanconi syndrome is an important
clinical task: in FRG, glucosuria is isolated, whereas in Fanconi syndrome it is combined with
aminoaciduria, phosphaturia, bicarbonaturia, and other manifestations of generalised tubular
dysfunction. The study by Dotsyuk et al. (2012) on glomerulotubular balance in experimental
nephritis in young and old rats confirmed that impairment of tubular function is one of the key
mechanisms of renal dysfunction progression, which has direct relevance for understanding the
pathophysiology of renal glucosuria in various Kidney diseases.

11. CLINICAL SIGNIFICANCE AND PRACTICAL ASPECTS

11.1. Glucosuria as a Marker of Glycaemic Control

Traditionally, glucosuria was used as a simple method of monitoring glycaemic control in
diabetes mellitus. However, this method has significant limitations: individual variability of the
RGT (in different individuals, the RGT may range from 6 to 14 mmol/L), elevated RGT in
T2DM (may mask hyperglycaemia up to 11-13 mmol/L), reduction of GFR in nephropathy
(leads to absence of glucosuria even with significant hyperglycaemia >15 mmol/L), dilution of
urine in polyuria, and absence of correlation with postprandial glycaemia. However, in
conditions of limited access to glucometers and continuous glucose monitoring systems, urinary
glucose determination remains a useful screening method, particularly in low-income countries.
From the perspective of the new conceptual model of Prof. Gozhenko A.l., the absence of
glucosuria in T2DM may indicate not only normoglycaemia, but also a pathological elevation
of the RGT, which is a marker of a more severe course of the disease and a higher risk of chronic
cellular dehydration.

11.2. Assessment of Water Balance and Recommendations for Correction

Comprehensive assessment of water balance in patients with glucosuria includes clinical
parameters (body weight, skin turgor and mucous membrane moisture, blood pressure in supine
and standing positions, heart rate, daily diuresis and fluid balance) and laboratory parameters
(plasma osmolality, sodium concentration corrected for glycaemia level, potassium,
magnesium, phosphate concentrations, haematocrit and total protein, urine osmolality and urine
sodium concentration, urea and creatinine levels, blood and urine ketone levels during SGLT2i
therapy) (Seifter, 2014). In uncompensated diabetes mellitus with glucosuria, the following are
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recommended: optimisation of glycaemic control (primary measure), increased fluid intake to
2.5-3.5 L/day, correction of hypokalaemia, hypophosphataemia, and hypomagnesaemia as
indicated, and in severe dehydration — intravenous rehydration. During SGLT2i therapy, the
following are necessary: informing patients about the need for adequate fluid intake (>2 L/day),
special caution in elderly patients and patients with CKD, adherence to "sick day rules"
(temporary discontinuation of SGLT2i in acute illnesses with dehydration risk), monitoring of
BP and ketones (Handelsman et al., 2016). In HHS, the following are recommended: aggressive
intravenous rehydration (1-1.5 L of 0.9% NaCl in the first hour, then 250-500 mL/h),
correction of electrolyte disturbances, insulin therapy after initiation of rehydration, monitoring
of plasma osmolality every 2-4 hours with a target reduction rate of no more than 34
mOsm/kg/h (Kitabchi et al., 2009).

12. DISCUSSION

12.1. The New Conceptual Model in the Context of Contemporary Research

The conceptual model of the RGT as a mechanism for the protection of cellular hydration,
proposed by Prof. Gozhenko A.1., finds support in a number of contemporary studies. The study
by Vallon & Thomson (2020) in Nature Reviews Nephrology emphasises the role of tubular
mechanisms in maintaining glucose homeostasis and their pathological changes in diabetes.
The study by Spellman et al. (2024) describes in detail the "splay” phenomenon and its
significance for understanding the dynamic nature of the RGT. The study by Hotait et al. (2022)
reveals the role of the proximal tubule as an active regulator of glucose homeostasis.

The mathematical correspondence between the RGT and the upper limit of normal osmolality
is the key argument in favour of the new model. This correspondence is observed regardless of
the method of osmolality calculation and is stable across different populations. At a glycaemia
of 10 mmol/L and normal values of sodium and urea, plasma osmolality is 295 mOsm/kg —
precisely the upper limit of the normal range. Exceeding this glycaemia level leads to clinically
significant hyperosmolality and cellular dehydration. An additional argument is that in T2DM,
the elevation of the RGT to 11-13 mmol/L correlates with a chronic increase in plasma
osmolality to 300-305 mOsm/kg, corresponding to a level of chronic subclinical cellular
dehydration. The study by Haussinger et al. (1994) showed that even moderate cellular
dehydration (reduction of cell volume by 5-10%) significantly affects hepatocyte metabolism,
stimulating glycogenolysis and gluconeogenesis, which may amplify hyperglycaemia. This
forms a vicious circle: elevated RGT — chronic hyperglycaemia — chronic hyperosmolality
— cellular dehydration — amplification of hyperglycaemia. The results of studies of the renal
mechanisms of carbohydrate status regulation during the development of experimental diabetes
mellitus confirm that impairment of the osmoregulatory function of the kidneys is one of the
early and progressive manifestations of diabetic nephropathy, which is consistent with the new
conceptual model (Olenovych et al., 2020; Olenovych & Zukow, 2022; Olenovych et al., 2025).
12.2. Comparison with Other Theories and an Integrative Model

The traditional theory of "glucose conservation” holds that the kidneys evolutionarily
developed a maximally efficient glucose reabsorption system to preserve this valuable energy
substrate. This theory has a significant drawback: if the evolutionary goal were maximum
glucose preservation, it would be logical to expect a considerably higher RGT or even the
absence of glucosuria at any physiologically possible glycaemia level. The "tubular protection”
theory (Vallon & Thomson, 2020) holds that the RGT is determined by the need to protect
proximal tubular cells from excessive energy load. This theory is more convincing, but does
not explain the precise correspondence of the RGT with the upper limit of normal plasma
osmolality.
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The integrative model proposed by Prof. Gozhenko A.I. regards the RGT as the result of several
evolutionarily formed protective mechanisms: protection of cellular hydration (systemic level),
protection of proximal tubular cells from excessive energy load (local level), maintenance of
tubuloglomerular balance (nephron level), and preservation of the osmotic gradient of the renal
medulla (organ level). Studies of glomerulotubular balance in experimental nephritis (Dotsyuk
et al., 2012) and renal mechanisms of carbohydrate status regulation in diabetes (Olenovych et
al., 2020) confirm the importance of an integrative approach to understanding renal function.
12.3. Limitations of the Review and Directions for Future Research

The narrative nature of the review may be subject to biased selection of literature. The
mathematical correspondence between the RGT and the upper limit of normal osmolality is
indirect evidence for the new model, and specially designed prospective studies are required
for its definitive confirmation. Most of the cited studies were conducted predominantly in
patients of European origin, which may limit the generalisation of results to other populations.
Promising directions for future research include: prospective studies of the relationship between
the RGT and plasma osmolality; studies of the effect of RGT correction on cellular hydration;
genetic studies of polymorphisms in the SLC5A2 and SLC5A1 genes; studies of the optimal
dose of SGLT2i taking into account individual RGT and plasma osmolality; studies of the role
of cellular hydration in the pathogenesis of diabetic complications; studies of the interaction
between the RGT and the ADH-aquaporin system in diabetes. Particularly promising are studies
of the features of tubular transport of osmotically active substances and osmoregulatory
processes during the development of diabetes mellitus, which have already been initiated and
are yielding important results (Olenovych et al., 2025; Olenovych & Zukow, 2022).

13. EXTENDED CONCLUSIONS

Conclusion 1. The renal glucose threshold is a complex dynamic parameter determined
by the interaction between the filtered glucose load and maximum tubular reabsorption.
The RGT (8.9-10.0 mmol/L) is not a fixed constant but a dynamic parameter determined by
the ratio between FGL (FGL = GFR x C_glucose) and Tm_G, realised predominantly through
SGLT2 (90%) in the S1-S2 segments and SGLT1 (10%) in the S3 segment of the proximal
tubule of the nephron. The "splay" phenomenon, caused by nephron heterogeneity and
Michaelis-Menten kinetics of transporters (V=Vmaxx[S]/(Km+[S])V=Vmaxx[S]/(Km+[S])),
results in the real RGT being considerably lower than the theoretical maximum (16.7 mmol/L
at Tm_G =375 mg/min and GFR = 125 mL/min). The dynamic nature of the RGT is confirmed
by its changes in various physiological and pathological states: reduction in pregnancy (due to
hyperfiltration), elevation in T2DM (due to adaptive increase in Tm_G and proximal tubular
hypertrophy), and in CKD (due to GFR decline). Studies of the renal mechanisms of
carbohydrate status regulation during the development of experimental diabetes mellitus
confirmed that changes in the RGT are one of the key pathophysiological mechanisms of
diabetic nephropathy progression (Olenovych et al.,, 2020; Olenovych et al., 2023).
Understanding the dynamic nature of the RGT has important clinical significance: the absence
of glucosuria does not guarantee normoglycaemia (especially with elevated Tm_G in T2DM),
and the presence of glucosuria does not always indicate hyperglycaemia (with reduced RGT —
renal glucosuria, pregnancy) (DeFronzo et al., 2013; Santer & Calado, 2010).

Conclusion 2. The new conceptual model of the renal glucose threshold, proposed by Prof.
Gozhenko A.l., regards the RGT as an evolutionarily formed mechanism for the
protection of cellular hydration.

The new conceptual model, first proposed by Prof. Gozhenko A.l. and developed in co-
authorship with Zukow W., Olenovych O.A., and Gozhenko O.A. (Gozhenko et al., 2017,
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Kuznetsova et al., 2018; Olenovych et al., 2020; Olenovych & Zukow, 2022; Olenovych et al.,
2025), regards the RGT not as a passive consequence of transport system saturation, but as an
evolutionarily formed mechanism for the protection of cellular hydration. The central argument
in favour of this model is the mathematical correspondence between the RGT (8-10 mmol/L)
and the upper limit of normal plasma osmolality (295 mOsm/kg): each mmol/L of glucose
contributes 1 mOsm/kg to plasma osmolality (Posm:2><[Na+]+[GIu]+[Urea]
=2%X[Na+]+[Glu]+[Urea]), and exceeding the level of 10 mmol/L at normal sodium and urea
values leads to osmolality above 295 mOsm/kg, which is the upper limit of the normal range
and the critical threshold for cellular dehydration. The evolutionary conservation of the RGT at
8-10 mmol/L in most mammals, regardless of body size and metabolic rate, is an additional
argument in favour of the new model (Vallon & Thomson, 2020). This concept opens a
fundamentally new perspective on the physiology of the kidneys and the pathophysiology of
diabetes mellitus, regarding glucosuria not as a pathological phenomenon, but as a
physiologically programmed protective mechanism.

Conclusion 3. Impairment of the osmoregulatory function of the kidneys is one of the
earliest and pathogenetically most significant manifestations of diabetic nephropathy.
The results of studies of the osmoregulatory function of the kidneys during the development of
alloxan-induced experimental diabetes, conducted by Olenovych O.A. (Olenovych et al., 2020;
Olenovych & Zukow, 2022; Olenovych et al., 2025), convincingly demonstrate that
impairments of the osmoregulatory function of the kidneys develop already at the early stages
of the disease and progress in parallel with increasing duration and severity of hyperglycaemia.
These impairments include progressive deterioration of the ability of the kidneys to concentrate
urine (reduction of maximum urine osmolality), impairment of free water clearance
(CH20=V x(1-Uosm/Posm)CH20=V x(1-Uosm/Posm)), and impairment of tubular
transport of osmotically active substances. These changes are a direct consequence of osmotic
diuresis caused by glucosuria, and of impairment of the interaction between the ADH-aquaporin
system and the osmotic load in the tubular fluid. Importantly, these impairments precede the
development of proteinuria and GFR decline, confirming their pathogenetic role in the
progression of diabetic nephropathy (Boychuk et al., 2017; Olenovych, 2019). The study by
Olenovych & Zukow (2022) confirmed that urinary osmotic concentration is a sensitive marker
of early diabetic tubulopathy that can be used for early diagnosis and monitoring of diabetic
nephropathy progression.

Footnote: We express our sincere gratitude for collaboration and consultations to Professor
A.l. Gozhenko.

Conclusion 4. Impairments of the ionoregulatory function of the kidneys in diabetes
mellitus are part of a unified syndrome of tubular dysfunction, pathogenetically related
to changes in the renal glucose threshold.

The results of studies of the ionoregulatory function of the kidneys in diabetes mellitus
(Boychuk et al., 2016; Olenovych, 2020a; Olenovych et al., 2023; Olenovych et al., 2024a)
convincingly demonstrate that impairments of the transport of Na*, K*, Ca?*, and phosphates in
the proximal tubules are pathogenetically related to changes in the RGT and impairments of the
osmoregulatory function of the kidneys. These impairments form a unified syndrome of tubular
dysfunction in diabetes that progresses in parallel with increasing duration and severity of
hyperglycaemia. The mechanisms of this syndrome include: increased reabsorption of glucose
and Na* through SGLT2 (which alters the electrochemical gradient in the proximal tubule and
affects the transport of other ions); osmotic diuresis (which reduces the reabsorption of K*, Ca?*,
Mg?**, and phosphates in the distal nephron segments); RAAS activation (which alters Na* and
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K* transport in the collecting ducts); hypertrophy and functional changes in proximal tubular
cells (which alter their transport activity) (Olenovych, 2020; Olenovych, 2020a). The study by
Olenovych (2020a) showed that pharmacological blockade of the RAAS significantly alters the
pattern of ionoregulatory disturbances in experimental diabetes mellitus, confirming the key
role of the RAAS in the pathogenesis of tubular dysfunction in diabetes. The study by
Olenovych et al. (2024a) confirmed that impairment of transtubular transport of calcium and
phosphates is one of the early manifestations of diabetic tubulopathy.

Conclusion 5. The role of the renin-angiotensin-aldosterone system in the pathogenesis of
diabetic tubular dysfunction is key and multifaceted.

Studies of the renin-angiotensin system in the regulation of excretory renal function in
experimental diabetes mellitus (Olenovych, 2020) and features of the ionoregulatory function
of the kidneys against the background of pharmacological RAAS blockade (Olenovych, 2020a;
Olenovych, 2020b) convincingly demonstrate that the RAAS plays a key role in the
pathogenesis of diabetic tubular dysfunction. RAAS activation in diabetes is a consequence of
osmotic diuresis and CBV reduction and leads to: Na* retention and K* excretion in collecting
ducts (via aldosterone); vasoconstriction of afferent arterioles (via angiotensin II), which
increases intraglomerular pressure and contributes to hyperfiltration; stimulation of collagen
synthesis and fibrosis in the kidneys (via angiotensin I1); and amplification of inflammatory
reactions in renal tissue (via angiotensin Il). Pharmacological blockade of the RAAS
significantly alters the pattern of ionoregulatory and osmoregulatory disturbances in
experimental diabetes mellitus, confirming the key role of the RAAS in the pathogenesis of
diabetic nephropathy and substantiating the use of RAAS blockers as nephroprotective agents
in diabetes (Olenovych, 2020; Olenovych, 2020a). The interaction between the RAAS and the
ADH-aquaporin system in diabetes is an important mechanism determining the degree of water-
electrolyte homeostasis impairment (Bankir et al., 2017; Schrier, 2010).

Conclusion 6. The adaptive elevation of the renal glucose threshold in type 2 diabetes
mellitus is a pathological phenomenon that forms a vicious circle of chronic
hyperglycaemia and cellular dehydration.

In T2DM, the elevation of Tm_G and RGT (to 11-13 mmol/L) is the result of several
interrelated mechanisms: upregulation of SGLT2 expression (via activation of the transcription
factor HNF-1a and epigenetic modifications); hypertrophy of the proximal tubules (mass
increase by 15-20%); increased Na'/K*-ATPase activity; hyperfiltration at the early stages of
T2DM (Rahmoune et al., 2005; DeFronzo et al., 2013; Vallon & Thomson, 2020). The
pathological elevation of the RGT destroys the natural protective mechanism of glucosuria,
allowing plasma osmolality to chronically exceed 300—-305 mOsm/kg. Chronic hyperosmolality
leads to cellular dehydration, which stimulates glycogenolysis and gluconeogenesis in
hepatocytes (Haussinger et al., 1994), secretion of glucagon and cortisol, amplifying
hyperglycaemia and closing the vicious circle. Studies of the renal mechanisms of carbohydrate
status regulation during the development of experimental diabetes mellitus confirmed that
changes in renal glucose reabsorption are one of the key pathophysiological mechanisms of
hyperglycaemia progression in diabetes (Olenovych et al., 2020). DeFronzo's (2009) concept
of the "ominous octet", which includes elevated renal glucose reabsorption as one of the eight
pathophysiological mechanisms maintaining hyperglycaemia in T2DM, confirms the
pathological nature of the RGT elevation in T2DM and substantiates the use of SGLT2i as
agents that directly eliminate this pathological mechanism.
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Conclusion 7. SGLT2 inhibitors realise their pleiotropic effects primarily through
restoration of the natural osmotic protective mechanism of the kidneys and improvement
of cellular hydration.

From the perspective of the new conceptual model of Prof. Gozhenko A.l., SGLT2i are not
merely "glucose-lowering” drugs, but agents for restoring the natural osmotic protective
mechanism of the kidneys. Pharmacological reduction of the RGT to approximately 4-5
mmol/L induces glucosuria of 60-100 g/day, which reduces plasma osmolality by
approximately 3—7 mOsm/kg (Ferrannini et al., 2014), improves cellular hydration, and triggers
a cascade of haemodynamic and metabolic changes. Reduction of CBV by 7-10% (Marton et
al., 2024) reduces preload and afterload on the heart, explaining the cardioprotective effects of
SGLT2i in heart failure (McMurray et al., 2019; Packer et al., 2020). Activation of TGF
(through increased NaCl delivery to the macula densa upon SGLT2 blockade) reduces
intraglomerular pressure and contributes to nephroprotection (Vallon & Thomson, 2020;
Upadhyay, 2024). Reduction of oxygen consumption by proximal tubular cells (Gronda et al.,
2023) reduces tubular hypoxia and contributes to nephroprotection. The large clinical trials
EMPA-REG OUTCOME (Zinman et al., 2015), CANVAS (Neal et al., 2017), DECLARE-
TIMI 58 (Wiviott et al., 2019), DAPA-HF (McMurray et al., 2019), EMPEROR-Reduced
(Packer et al., 2020), CREDENCE (Perkovic et al., 2019), DAPA-CKD (Heerspink et al.,
2020), and EMPA-KIDNEY (The EMPA-KIDNEY Collaborative Group, 2023) convincingly
confirmed the cardio- and nephroprotective effects of SGLT2i, which represents clinical
confirmation of the new conceptual model.

Conclusion 8. Glucosuria during SGLT2i therapy and in decompensated diabetes mellitus
leads to clinically significant disturbances of water and electrolyte balance requiring
active monitoring and correction.

Osmotic diuresis in glucosuria is a powerful mechanism of fluid and electrolyte loss: each gram
of glucose in the urine "pulls" approximately 15-20 mL of water with it (Koeppen & Stanton,
2013), and with excretion of 70-80 g of glucose per day (during SGLT2i therapy), the
additional diuresis is 1.0-1.6 L/day. Alongside water loss, glucosuria leads to natriuresis (urine
sodium concentration in osmotic diuresis 40-80 mmol/L), kaliuresis (through increased sodium
delivery to distal nephron segments and secondary hyperaldosteronism), hypophosphataemia,
and hypomagnesaemia (Biber et al., 2013; Quamme, 1997; Palmer & Clegg, 2015). In
uncompensated T2DM, chronic glucosuria leads to gradual dehydration of 3-5% without
pronounced clinical symptoms, which may be masked by compensatory increased fluid intake
(polydipsia). The extreme manifestation is HHS with a fluid deficit of 8-10 L and mortality of
5-20% (Kitabchi et al., 2009; Stoner, 2005). During SGLT2i therapy, clinically significant risks
include dehydration and orthostatic hypotension (especially in elderly patients and with
polypharmacy), euglycaemic diabetic ketoacidosis (frequency 0.1-0.2% per year in T2DM, up
to 2-4% in T1DM), and genitourinary infections (Goldenberg et al., 2016; Scheen, 2015).
Comprehensive assessment of water balance (plasma osmolality, electrolyte concentrations,
daily diuresis, body weight) is a necessary component of the clinical management of patients
with glucosuria (Seifter, 2014).

Conclusion 9. Familial renal glucosuria as a natural model of chronic SGLT2 inhibition
confirms the long-term safety of pharmacological reduction of the renal glucose threshold
and substantiates the new conceptual model.

Familial renal glucosuria (FRG) — an autosomal recessive disease caused by mutations in the
SLC5A2 gene (SGLT2) — is a natural "human experiment™ that allows assessment of the
consequences of chronic SGLT2 inhibition throughout life (Santer & Calado, 2010). The
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prevalence of FRG is approximately 0.2—-0.6% in the general population, and more than 80
different mutations in the SLC5A2 gene have been described (Santer et al., 2003; Calado et al.,
2008). Homozygous mutation carriers have significant glucosuria (up to 150 g/day) at normal
glycaemia throughout their lives. Long-term follow-up (up to 40 years) has not revealed
significant adverse consequences for the kidneys, pancreas, or cardiovascular system (Calado
et al., 2006; Santer & Calado, 2010). This is compelling evidence for the long-term safety of
chronic RGT reduction and confirms the new conceptual model of Prof. Gozhenko A.l.: if
glucosuria were a pathological phenomenon rather than a physiological protective mechanism,
chronic glucosuria in FRG would lead to serious complications. Instead, according to the new
model, chronic glucosuria in FRG is a chronic "release" of osmotic pressure that maintains
normal plasma osmolality and cellular hydration. This conclusion has important clinical
significance: it confirms that long-term SGLT?2i therapy is safe from the perspective of renal
and pancreatic function, which is consistent with the results of large clinical trials (Zinman et
al., 2015; McMurray et al., 2019; Perkovic et al., 2019).

Conclusion 10. The new conceptual model of the renal glucose threshold, proposed by
Prof. Gozhenko A.l., opens fundamentally new perspectives for understanding the
pathophysiology of diabetes mellitus and developing new therapeutic strategies.

The new conceptual model of the RGT, first proposed by Prof. Gozhenko A.l. and developed
in co-authorship with Zukow W., Olenovych O.A., and Gozhenko O.A. (Gozhenko et al., 2017;
Kuznetsova et al., 2018; Olenovych et al., 2020; Olenovych & Zukow, 2022; Olenovych et al.,
2025), proposes a reinterpretation of the pathophysiology of T2DM as a state of chronic cellular
dehydration, and not merely as a state of chronic hyperglycaemia. According to this model,
chronic hyperglycaemia in T2DM is not only a metabolic problem (excess glucose as a
substrate), but also an osmotic problem (chronic cellular dehydration due to elevated plasma
osmolality). This concept opens new perspectives for: reinterpretation of therapeutic targets in
T2DM (inclusion of plasma osmolality as a therapeutic target alongside HbA1c); development
of new therapeutic strategies aimed at restoring normal RGT and osmotic homeostasis;
optimisation of SGLT2i dosing taking into account individual RGT and plasma osmolality;
development of new markers of early diabetic nephropathy based on indicators of the
osmoregulatory function of the kidneys (Olenovych & Zukow, 2022; Olenovych et al., 2025);
deepening of understanding of the mechanisms of pleiotropic effects of SGLT2i through the
lens of osmotic protection of cellular hydration. Further prospective studies of the relationship
between the RGT, plasma osmolality, and clinical outcomes in T2DM are necessary to confirm
the new conceptual model and develop new therapeutic approaches.
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PE3IOME

AxTtyanepHicTh. Hupkosuit mopir s rmokosu (HIIIY) TpaguiiiiHO po3risigacTbesi K MACHBHUI HACITIJOK HACHYCHHS HATPIM-TIIIOKO3HUX
koTpancnopTepiB 2 tuny (SGLT2) y npokcumanbHUX KaHaJbLsX HeppoHy. [IpoTe e MOSCHEHHS ONMUCYE JIMIIE MOJICKYJIAPHUNM MEXaHi3M,
3anumraodu 0e3 BiAmoBiai GyHIaMeHTalIbHE MUTAHHS: YOMY CBOJIOLIsI BCTAHOBHJIA MOpIr came Ha piBHI 8—10 Mmons/n1? Biamosias Ha e
ITUTaHHS, SIK MU BBO)KA€MO, KPHETHCST HE B OOMEKESHHSIX TPAHCIIOPTHHX CHCTEM, a B aKTHBHOMY 3aXHCTi OCMOTHYHOT'O TOMEOCTa3y Ta KIITHHHOT
rigparari.

Merta. 3anponioHyBaTH HOBY KoHuenTyambHy mozens HIII, 3acHoBaHy Ha TpiopHTeTi 3aXWCTy KIITHHHOI TifpaTamii Hajx 30epekeHHIM
TIIOKO3H SIK €HEePreTHYHOro cybcTpary, Ta NMpPOAEMOHCTPYBATH MaTo(i3ioNoTivHMIl B3a€MO3B'SI30K MK PEryJsLicio TIiKeMil Ta BOIHO-
@JICKTPOJIITHIM OOMIHOM IIPH ITyKPOBOMY HiabeTi.

Mertonu. [IpoBesieHO HapaTHBHUI OTJIS CYYacHOI JTiTepaTypH 3 (izionorii HIPOK, 0OCMOperyJIAlii, MoseKyIapHoi Gionorii TpaHcOpTEpiB
TIIFOKO3H| Ta KJIiHiuHOT tiabeToorii. [Tomryk 3mificHioBaBces B 6azax manux PubMed, Scopus ta Web of Science.

PesyasTaT. HIII™ (8—10 MMouTb/iT) MaTeMaTHYHO BiJIOBiTa€ BepXHiil Mexki HOpMabHOT ocMomsipHOCTi Tmasmu (295 MOcm/kr). I'mroko3ypis
€ (i310JI0rIYHO 3aMpOorpaMoOBaHUM 3aXHCHUM MEXaHI3MOM, IO 3arnodirae KPUTHYHIM TiNEpOCMONISPHOCTI Ta 3aXMINAE KIITUHU BiJ
ocMOTHYHOTO ctpecy. [Ipu mykpoBomy miaderi 2 tumy (I[/12) aganTuBHE MiJBUINEHHS MaKCHMaIbHOI TYOYJISIpHOI peabcopOiii riIroKo3n
(Tm_G) ta HIIl e nartonoriyaum (peHOMEHOM, LIO CHpHS€ XPOHIYHiM rimepriikemii Ta wimiTuHHINM jaerigparamii. [uriditopu SGLT2
BIJTHOBIIIOIOTH ()i310JIOTYHMI MOPIT Ta 3aXUCHUM MEXaHi3M IIIIOKO03ypil. J{OCTiDKEHHSI 0CMOPEryToBaIbHOT (DYHKIIT HUPOK B JAWHAMILL
PO3BHTKY EKCIIEPHIMEHTAIBHOTO IyKPOBOTO J1iadeTy MiATBEpUKYIOTH MOPYIICHHS OCMOTHYHOTO KOHIICHTPYBAHHS cedi Bke Ha paHHIX eTarnax
3axBoptoBanns (Onenosud Ta in., 2020; Olenovych & Zukow, 2022; Onenosuy Ta iu., 2025).

BucnoBku. HIII" € eBomowiiftHo chopMOBaHUM MEXaHI3MOM 3aXMCTy KJIITHHHOI rifipataiii. PO3yMiHHS 1IbOTO MPUHIMITY BiIKPUBAE HOBI
MepCIeKTHBY TS iHTepHpeTanii natodizioorii ykpoBoro aiadeTy Ta MeXaHi3MiB Jil Cy9acHHX IIyKPO3HIDKYBAJIbHHX IIperaparis.

Kurouosi ciioBa: HupkoBuii nmopir riroko3u, SGLT2, ocMonspHICTh, KIIITHHHA AETiapaTallis,
A", ocMOTHYHMH Jiype3, LYKpoBUIl nAiaber, BOAHUN O0OMiH, peabcopOLis TIIOKO3H,
AKBaIOPHUHH.

ABSTRACT

RENAL THRESHOLD FOR GLUCOSE: PHYSIOLOGICAL BASIS AND
RELATIONSHIP WITH WATER METABOLISM. A NARRATIVE REVIEW
Gozhenko A.1.**, Zukow W.2, Olenovych O.A.3, Gozhenko O.A.%

Background. The renal glucose threshold (RGT) is traditionally regarded as a passive
consequence of SGLT2 transporter saturation in the proximal tubules. However, this
explanation addresses only the molecular mechanism, leaving unanswered the fundamental
physiological question: why did evolution set this threshold precisely at 8-10 mmol/L? We
propose that the answer lies not in transport system limitations, but in the active protection of
osmotic homeostasis and cellular hydration.
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Objective. To propose a new conceptual model of the RGT based on the priority of protecting
cellular hydration over glucose conservation as an energy substrate, and to demonstrate the
pathophysiological relationship between glycemic regulation and water-electrolyte metabolism
in diabetes mellitus.

Methods. A narrative review of current literature on renal physiology, osmoregulation,
molecular biology of glucose transporters, and clinical diabetology was conducted. The search
was performed in PubMed, Scopus, and Web of Science databases.

Results. The RGT (8-10 mmol/L) mathematically corresponds to the upper limit of normal
plasma osmolarity (295 mOsm/kg). Glucosuria is a physiologically programmed protective
mechanism preventing critical hyperosmolarity. In type 2 diabetes mellitus (T2DM), the
adaptive increase in Tm_G and RGT is a pathological phenomenon contributing to chronic
hyperglycemia and cellular dehydration. SGLT2 inhibitors restore the physiological threshold
and the protective mechanism of glucosuria. Studies of osmoregulatory renal function in the
dynamics of experimental diabetes mellitus confirm impairment of osmotic urine concentration
at early stages of the disease (Olenovych et al., 2020; Olenovych & Zukow, 2022; Olenovych
et al., 2025).

Conclusions. The RGT is an evolutionarily formed mechanism for protecting cellular
hydration, not merely a consequence of transporter saturation.

Keywords: renal glucose threshold, SGLT2, osmolarity, cellular dehydration, ADH, osmotic
diuresis, diabetes mellitus, water metabolism, glucose reabsorption, aquaporins.

CIIMCOK CKOPOYEHb

Cxopoyennss  PosmmdpyBanus

ANl AHTU1ypeTHYHNN TOPMOH (Ba30MPECHH)
AK®D AKBarnopus

AT ApTepianbHuil THCK

ITC ['inepocMossipHUiL rinepriikeMiuHui cTaH
KA JliabeTHIHMI KeToaIuma03

e/IKA EBrimikemiunnii 1iabeTHYHNUNA KETOAIMI03
iH3KT-2 [uri6iTopu HaTpiii-3a1€KHOTO KOTPAHCHIOPTEpa TIIOKO3H 2 TUITY
HIIT HupxoBuii nopir 1uist rroko3u

OLK O6'eM LUPKYIIOIOYOT KPOBI

PAAC PeHiH-aHT10TEeH3MH-aJIbIOCTEPOHOBA CHCTEMA
T3 TyOynornoMepyasipHHI 3BOPOTHHIA 3B'I30K
OHI’ OinpTpariiiine HAaBaHTAXXEHHS TITIOKO3U

XXH XpoHiuHa XBOpoOa HUPOK

L1 [{ykpoBuii giadet 1 Tumy
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Cxopouennss  PosmudppyBanus

1J12 ykpoBuii giabeT 2 TUITy

KD [IBuKicTh KIIyOOUKOBOT (hiTbTpaIIii

AQP Aquaporin (aKBaropuH)

GLUT Glucose transporter

SGLT Sodium-glucose linked transporter

Tm_ G MakcumanbHa TyOysipHa peadcopOIIis TIIFOKO3H
1. BCTYII

1.1. AkTyanpHICTh TEMHU

[{ykpoBuii aiabeT 3alUIIA€TbCA OTHIEI0 3 HAWOUIBIINX MEIUYHUX MPOOJIEM Cy4YacHOCTI. 3a
naHuMu MixkHapoaHoi deneparii miadery, y 2023 pori y cBiTi HamdyBajgocs moHam 537
MUTBHOHIB JIFOZIEH 3 IyKpoBUM Jiabetom, a 1m0 2045 poky 1 mudpa Moxe carHytu 783
mineiionis (International Diabetes Federation, 2023). Ha i miei maHaeMii HUPKH MMOCial0Th
0co0JIMBE MICIIE — BOHM € OJJHOYACHO MIIIEHHIO A1a0€TUYHHUX YCKJIAQAHEHb 1 aKTUBHUM
YYaCHMKOM TMaTOreHe3y Tilepriikemii uepe3 MexaHi3MM HiABMIIEHOT peabcopOuii ritokosn
(Gerich, 2010; Vallon & Thomson, 2020). Po3yMiHHS HHPKOBHUX MeEXaHI3MIB peryJsiii
TJIFOKO3HOTO TOMEOCTa3y € He JIMIIE aKaJeMIYHUM 3aBJaHHSAM — BOHO Mae€ MpsMe KIiHIYHE
3HA4YEeHHS ISl pO3POOKH HOBHUX TE€PANEBTUYHUX CTPATETIH.

HupkoBuit nopir ans rmoko3u (HIII)) — koHumeHTpalis IIOKO3W B IUIa3Mi KpOBi, MpH
MIEPEBUIIIEHH] SKOI TJIFOKO3a 3'SBISIETHCS B c€Ul — BIIOMUN KiiHiIUCTaM moHaa 150 pokis
(Shannon et al., 1941). Knacuune 3uadennss HIII' cranoButh 8,9-10,0 mmoms/n (160-180
MI/IUT), 1 TPaJAMIIHO BIH PO3TJISAAETHCS SK HACTIAOK HACHYCHHS TPAHCIOPTHUX CHUCTEM
MPOKCUMAaNBHOTO KaHamblls. [IpoTe QyHmamMeHTanbHe MUTAHHS 3aJMIIA€Tbes 0e3 BiIMOBIII:
YOMY €BOJIIOITisI BCTAHOBMJIA 11eH TIopir caMme Ha piBHI 8—10 MMOJIb/71, a He BUIIE Uur HIKYe? Mu
NEepeKOoHaHi, 10 BIAMOBIAb Ha 1€ MUTAHHS IOB'SI3aHA HE 3 OOMEXEHHSIMU TPAHCIIOPTHHUX
CUCTEM, a 3 AKTUBHHUM 3aXHCTOM OCMOTMYHOTO TOMEOCTa3y Ta KIITHHHOI Tijgparamii —
rinoresa, 110 3HAXOJUTh MIIATPUMKY B Ppe3ysbTaTax JOCTIIKEHb 10HOPETyJIIOBaJbHOI Ta
OCMOPEryJIIOBaIbHOT (PYHKIIH HUPOK MPH eKCIIEPUMEHTATIbHOMY IIyKpoBoMYy miabeTti (Boychuk
etal., 2016; OxenoBuu 1a iH., 2020; Olenovych & Zukow, 2022; OnenoBuy Ta iH., 2025).
CyyacHi JOCIIKEHHS TIEPEKOHIIMBO JIEMOHCTPYIOTh, 1m0 HIII' € 3HayHO OUIbII CKIIAHUM 1
JUHAMIYHUM [apaMeTpoM, HiK BBaxkasiocst panime. [Ipu [/I2 BiH migBUIyeThCS BHACIIIOK
aJanTtuBHOTO 30iMbIIeHHS ekcrpecii SGLT2 Ta Tm_G, mo € ogHUM i3 MeXaHi3MiB
miATpUMaHHs XpoHiyHOI rimepriuikemii (Rahmoune et al., 2005; DeFronzo et al., 2013). Lle#
¢dbeHOMeH Ha0yB HOBOTO KJIIHIYHOTO 3HAYEHHS Yy 3B'SI3KYy 3 BIPOBADKCHHSM Yy MPAKTHKY
iHri6iTopiB SGLT2 (rnidno3unn), mo mrydno 3HmKy0Ts HIII Ta iHIyKyIOTh TIIIOKO3YPito SIK
TepaneBTHUHUI MexaHi3Mm (Zinman et al., 2015; McMurray et al., 2019). ITapanensHo 3 muM,
JOCIIIKEHHSI peHAJIbHUX MEXaH13MiB PeryJisLii ByTJIeBOJHOTO CTATyCy B JUHAMILl PO3BUTKY
€KCIIEPUMEHTAJILHOTO I[yKPOBOTO J11a0eTy MOKa3ajiu, o MOPYIeHHs (PYHKIIIOHAILHOTO CTaHy
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HUPOK BUHHMKAIOTh BXKE HAa PaHHIX e€Tarax 3aXBOPIOBAHHS 1 OXOIUTIOIOTH K €KCKPETOPHY, TaK 1
OCMOpETYITIIOBAIbHY Ta ioHOperymoBaibHy GyHkiii (Boychuk et al., 2017; OnenoBuy Ta iH.,
2020; Olenovych & Zukow, 2022; Olenovych et al., 2023; OnenoBuu T1a iH., 2025).

3B's130k Mk HIII' Ta BogHUM OOMIHOM € HaJI3BUYANHO BaXKIIMBUM 3 KIIIHIYHOI TOYKH 30DY.
['moko3ypisi, MO0 BUHUKAE MPU IEPEBUIICHHI TMOPOTry peadcopOiii, CyMpOBOKYETHCS
OCMOTHUYHUM [1ype30M, KM MO>Ke IPU3BOJUTH JI0 3HAUHUX BTPAT PIAUHU Ta €JIEKTPOJIITIB 1
nerinparamii (Kitabchi et al., 2009). locnikeHHS OCMOTHYHOTO KOHIICHTPYBAaHHS cedi B
JMHAMIII PO3BUTKY QJIOKCAH-1HAYKOBAHOTO EKCIEPUMEHTAJIBHOIO MAiadeTy MiATBEpANIIH
IIPOrPECUBHE MOTIPIIEHHS OCMOPETYJIIOBAIBHOT (DYHKIIIT HUPOK, 1110 KOPEJIIOE 3 TPUBATICTIO Ta
TsoKKicTo rineprimikemii (Olenovych & Zukow, 2022; OnenoBud Ta iH., 2025). Po3yminHs nux
MeXaHi3MiB Ha0yBa€ OCOOJIMBOrO 3HAYEHHSI Y KOHTEKCTI MIMpPOKoro 3actocyBanHs iH3KT-2,
MeXaHi3M JIii sKuX Oe3rmocepeIHbO NOB's13aHmid 31 3MiHaMu BogHOro ooMminy (Heerspink et al.,
2016).

1.2. MeTa Ta 3aBJIaHHS OTJISY

MeTor 1bOr0 HapaTUBHOIO OIJIAY € CUCTeMaTH3allis Ta KPUTUYHUM aHaji3 cydacHHX
HAYKOBUX AaHUX MoA0 ¢izionorianoro odrpyrryBannas HIII™ Ta iforo B3aeMo3B's3Ky 3 BOJHHM
oOMiHOM, a TakoX (OpPMYJIIOBaHHS Ta OOIPYHTYBAaHHS HOBOI KOHIIENTYaJIbHOI MOJIEII,
BimnmoBigHO 10 sikoi HII e eBomromiiiHo chopmMOBaHMM MeEXaHI3MOM 3aXHCTy KJIITHHHOT
rigparaii. Llst koHIeniis Oyia Brepiie 3anpornoHoBaHa npodecopom AHatosieM IBaHOBHYEM
['o)keHKOM — TpPOBIAHUM YKpaiHCBKUM He(ppodizionorom, aBTOpoM (yHIaMEHTATBHUX
JOCITIJDKEHb Y Tamy3i ¢iziosiorii Ta maTodizioorii HUPOK, OCMOpEryJismii Ta aiabeTuuHol
nedpomnarii (Gozhenko et al., 2017; Kuznetsova et al., 2018; OnenoBuu Ta iH., 2020; OneHoBUY
Ta iH., 2025).

JUia nocsirHeHHsT MeTH Oy TMOCTaBJi€HI Takl 3aBJIaHHS: IPOAHAII3yBaTH MOJEKYJSPHI
MeXaHi3MHu peabcopO1ii r1oKo31 B HUpKax Ta ¢izionoriudi ochoBu HIII; po3rnsnyTH 3B's30K
MDK pIBHEM TJIIKEMii, OCMOJISIPHICTIO TIJIa3MHM Ta KJIITHHHOIO TIJpaTaili€ro; OOTpyHTYBaTH
koHuenuito HIII' gk mexaHi3My 3axUCTy KJIITHHHOI rifipaTaiii; omucaTH Matodi3ioiorivxi
3mian HIII' npu nykpoBomy aiaGeTi Ta iX HAcHiAKU JUIsl BOAHOTO OOMIiHY; MpOaHaji3yBaTH
KJIiHI4HI Hachiaku (apmakonoriuHoro 3HmxkenHsa HIII inri6itopamu SGLT2.

1.3. llenTpainbHa rinoresa

IlenTpasipHa rinoresa bOro Orisay, Brnepiie chopmynboBana npod. I'oxxenkom A.lL., monsrae
B ToMy, 110 HIII" € eBomoniitHo chopMoOBaHNM MEXaHI3MOM 3aXUCTY KIITHMHHOI rifpaTanii, a
HE JIMIIE HACMIJKOM HaCHYEHHs TPAaHCHOPTHUX cucTeM. Matematnunuit 36ir mix HIIT™ (8—10
MMOJIb/JI) Ta BEPXHBOI MEXKEI0 HOPMaJbHOI OCMOJSApHOCTI miasMu (295 MOcM/Kr) He €
BUIAIKOBUM: KOXEH MMOJIb/J TIIOKO3W BHOCUTH 1 MOCM/KI 10 OCMOJIIPHOCTI IUIa3MH, 1
nepeBuilieHHs piBHA 8—10 MMOJIB/T MPU3BOAUTH 10 OcMOJIsIpHOCTI TToHaa 295-305 MOcwm/kr,
0 € KPUTHUYHUM IOpOroM sl KIiTHHHOI Jeriapatamii. Ll rimoresza y3roJukyeTrbcs 3
pe3yiapTaTaMu JIOCIiKEHb, IO JIEMOHCTPYIOTh MOPYIICHHS OCMOPETYIIOBAIBHOI (YHKIIiT
HUPOK BXKE Ha PaHHIX CTa/IisIX EKCIIEPUMEHTAIBHOTO IykpoBoro niadety (Olenovych & Zukow,
2022; OnenoBu4 Ta 1H., 2025).

1.4. Metopooris NoUIyKy JiTepaTypH

[Momryk miTeparypu 3niiicHioBaBcsi B 0azax mganux PubMed/MEDLINE, Scopus ta Web of
Science. BukopuctoByBaiics Taki KIFOUOBI ciioBa Ta ix kombOiHaii: renal glucose threshold,
SGLT2 inhibitors, glucose reabsorption, proximal tubule, osmolarity, cellular dehydration,
ADH vasopressin, osmotic diuresis, diabetes mellitus, water metabolism, aquaporins,
tubuloglomerular feedback, maximum tubular reabsorption, glucosuria. ITepeBara naiaBanach
nyoumikaitism 2015-2024 pokiB, 0JIHaK BKIIOYAIHCS TaKOX (yHAaAMEHTAIbHI pOOOTH OLIbIIT
PaHHBOTO TMEpioAy, IO 3aKJalMd OCHOBHU CYYacHOro pO3yMiHHsS (i3ionorii HUPKOBOI
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peabcopOrrii Tmroko3u. Kputepii BKIFOUEHHS: OPUTIHAIBHI JOCHTIDKEHHS, CHUCTEMAaTHYHI
OTJISIIM, METa-aHaJi3W Ta HapaTWBHI OIJISAM, TPHUCBAYeHI ¢iziosorii Ta maTodizionorii
HUPKOBOI peadcopOIIii TITIOKO3H, OCMOPETYJIIALIT Ta BOJHOTO 00MiHy. Kputepii BUKITIOYESHHS:
myOumikaiiii, Mo HE CTOCYIOThCA O€3MOCEPEeIHbO TEMH OIISAay, IyOJliKaTH, Marepiaan
KOH(epeHIIiif 6e3 TOBHOTO TEKCTY.

2. META JOCJIIKEHHA, JOCJIIHUIBKI IMUTAHHS, TIHIOTE3H TA IX
BEPUDIKALIA

2.1. Meta gociKeHHs

MeToro 1bOr0 HapaTUBHOIO OIJIIAY € CUCTeMaTH3allis Ta KPUTHYHUM aHaji3 cydacHHX
HAYKOBUX JIAaHHUX 1100 (pi310J0Ti9HOr0 OOrpYHTYBaHHS HHPKOBOTO TOPOTY JUIS TJIFOKO3U Ta
Horo B3a€MO3B'A3KY 3 BOJHUM OOMIHOM, a TakoX (OpMyJIIOBaHHS Ta OOIPYHTYBaHHs HOBOL
KOHIIENTYaJIbHOI MOJIe, BiAMOBIIHO 110 sikol HIII™ € eBomoNiiiHO COPMOBAHUM MEXaHI3MOM
3axXMCTy KJITMHHOI TiJiparallii, a He JMIIe NaCUBHUM HACIIJIKOM HAaCHUYCHHsI TPAHCIIOPTHUX
CHCTEM IMPOKCUMAIILHOTO KaHabIsl HeppoHy. Ll koHumenuis Oyna Briepiie 3ampOroHOBaHA
npodecopom AHartosieM [BanoBrueM '0keHKOM Ha OCHOBI 0araTopiyHOr0 HayKOBOT'O JIOCBiTY
ta aHanmizy (dizionoriunux manux (Gozhenko et al., 2017; Kuznetsova et al., 2018; OsenoBru
Ta if., 2020; Olenovych & Zukow, 2022; OnenoBuu Ta iH., 2025). HaykoBi pobotu mpod.
I'oxenka A.l y cmiBaBropcTBi 3 XKykoBum B. Ta ['oskenko O.A. 3aKiianyd METOIOJIOTIYHY Ta
KOHIIENITYyaJbHY OCHOBY JUISI PO3YMIHHSI HUPKOBUX MEXaHI3MIB PEryJslii BYIJI€BOJHOIO Ta
BOJIHO-EJIEKTPOJIITHOTO TOMEOCTa3y MPH IIYKPOBOMY J1ia0eTi.

2.2. JlocaiqHUALIbKI TUTAHHS

Hocainnunbke nmutanusas 1. Yu e HIIT (8,9-10,0 MMonb/1) BUNAAKOBUM HACIIIKOM
KiHeTHYHUX oOMexxeHb SGLTZ2-tpancnoprepiB, uM BiH BiJoOpa)kae  €BOJIOLINHHO
chopMOBaHUI MEXaHI3M 3aXHCTy OCMOTHYHOTO IOMEOCTa3dy Ta KIITHHHOI Tigparamii? Lle
MUTAHHSA € IEeHTPAIBLHUM JJIS BChOTO OISy 1 Oe3rocepe/lHbO MOB'A3aHe 3 KOHIENTYalbHOO
MO/IEIITIO, 3anpornoHoBaHoo mpod. I'oxenkom A.l. (Gozhenko et al., 2017; OnenoBu4 Ta iH.,
2020). BinnoBine Ha HHOTO BUMarae aHaiizy matematuuHoro 360iry mix HIII' ta BepxHBOIO
MEXEK HOPMaJIbHOT OCMOJIIPHOCTI IUIa3MM, a TaKOX IMOPIBHSUIBHOIO aHalli3y €BOJIIOLIMHOT
koHcepBatuBHocTi HIII™ y pi3HuX ccaBiiB.

HocaitHunbke nuTaHus 2. SIkuM € naTodi310J0TIIHIN MeXaHI3M 3B'I3KY MiX TT1IBUIICHHSIM
HIII' mpu /12 Ta pO3BUTKOM XPOHIYHOI KIITMHHOI Jerigparailii Ta rilnepocMOJSpPHOCTI
miazmu? lle nmuTtanHs Oe3mocepenHbO MOB'I3aHE 3 pe3yJbTaTaMM JIOCHIIKEHb HUPKOBHUX
MEXaHI3MIB peryJsiii BYTIJIEBOJHOTO CTAaTyCcy B JMHaMIIll PO3BUTKY EKCIIEPUMEHTAIBLHOTO
ykposoro miabery, nposeneHux OmnenoBuu O.A. (OnenoBudu Ta iH., 2020; Olenovych &
Zukow, 2022; Olenovych et al., 2023; OnenoBuu Ta iH., 2025). BinnoBins BUMarae aHaiizy
B3aeMO3B's13ky Mk Tm_G, HIII, oCMOJSpHICTIO TUIa3MH Ta ITOKAa3HUKAMH KJIITHHHOI
rifipatanii npu pi3HUX CTaIAX IYKPOBOTO JiabeTy.

CHocka: BucnoBmioemMo BelnHMKy MOJSKY 3a CHIBIpaIl0 Ta KOHCyJbTalii npodecopy A.L
I'oxkeHKo .

JocaigHunbke nuTaHus 3. SIKUM € BHECOK TIOPYIIEHb OCMOPETYITIOBAITBHOT PYHKIIIT HUPOK y
naToreHe3 JiabetnyHoi Hedpomartii Ta AK 11 MOpPYyIIEHHs KopemoroTh 31 3minamu HII B
JUHAMII PO3BUTKY ILyKpoBoro nmiabery? Ile nuTaHHS TIpPyHTYETbCS Ha pe3yibTaTax
JIOCITIJIPKEHb OCMOPETYTIOBAJIbHOT (PYHKIIIT HUPOK B TUHAMILIl PO3BUTKY aJOKCaH-1HIyKOBaHOTO
eKCIepuMeHTaNbHOTO Aiabety (OnenoBud Ta i., 2020; Olenovych & Zukow, 2022; OneHoBuy
Ta iH., 2025) 1 motpebye aHai3y B3a€MO3B'SI3KY MiXX OCMOTHMYHHM KOHLIEHTPYBAHHSIM CeYi,
BUIBHUM BOJIHUM KJIIPEHCOM Ta TIOKa3HUKaMHU TyOyJIsipHOI (PYHKITIT HUPOK.
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Jocaignunbke nutanus 4. Yu e dapmaxonoriune 3umwkenHs HIID inriditopamun SGLT2
BIIHOBJICHHSIM TIPUPOJTHOTO (Pi310JI0TIYHOTO MEXaHI3MY 3aXHMCTy KIITHHHOI ripaTariii, 1 SKO¥
Miporo 3MiHM BogHOT0 00MiHy nipu Tepamrii iH3KT-2 noscHio0Th IXHI MIEHOTPOIHI Kap1io- Ta
HepomnporekTuBHi edextn? lle muTaHHA € KIIHIYHUM IPOJIOBKEHHSM KOHIICTITYaJbHOT
mogeni npod. I'oxenka A.l. 1 moTpedye anamizy mexanizmiB aii iH3KT-2 uepes mpuzmy
OCMOTHYHOI'O 3aXMCTy KJIITHHHOI Tigpatamii (Zinman et al., 2015; McMurray et al., 2019;
Perkovic et al., 2019).

JlocaigHuIbKe MUTAHHSA 5. SIKUM € B3a€MO3B'SI30K MIXK IMOPYIIEHHSIMH 10HOPETYIFOBAIBHOL
¢ynkuii HUpoK, 3MinamMu PAAC Ta mopyIeHHsIMH OCMOPEryJIsLii Ipy IyKpoBoMy aiaderi, 1
SIK 11l TOPYIICHHsS] (OPMYIOTh MATOJIOTIYHE KOJIO, IO MiATPUMYE XPOHIUHY TIIEPIIIiKEMIl0 Ta
KITHHHY Jerigpatamito? lle TUTaHHA TIPYHTYEThCS Ha pe3ysbTarax JOCHiJKECHb
ioHOperymoBainbHOi (GyHKLIT HUPOK Ta poii PAAC npu ekcrepuMeHTaIbHOMY I[yKpPOBOMY
miabeti (Boychuk et al., 2016; Onenosuu, 2020; Onenosuy, 2020a; Olenovych et al., 2023) i
nmoTpedye 1HTErpaTUBHOIO aHAJi3y B3a€MOJIl MiX PI3HHUMH CHCTEMaMH PETyJIAIii BOJIHO-
EJIEKTPOITHOTO TOMEOCTa3y MpH JiabeTi.

2.3. JloCcmiAHULBKI TIITOTE3U

I'imore3a 1 (LlenTpajbHa KoHIeNTyalbHAa rimore3a npod. I'oxenka A.L.). HIIT (8,9-10,0
MMOJIb/J) € €BOJIIOIIIHHO c(hOPMOBAHUM MEXaHI3MOM 3aXHCTy KIITHHHOI riparaiiii, a He JIUIIe
nacMBHUM HaciinkoM HacwueHHs SGLT2-tpancroprepiB y NPOKCHMAaNbHUX KaHAIBIIAX
He(pony. BiamoBigHo 10 miel rimoTe3u, MmatemaTudHuil 30ir Mk HIII™ Ta BepXHBOIO MEkKero
HOpMaJIbHOI OcMoJIsIpHOCTI Ta3Mu (295 MOCM/KT) HEe € BUNAIKOBUM: HHUPKA «I03BOJISIE»
TJIIOKO31 BUXOJMUTH B Cedy caMe TOJl, KOJM ii KOHIIEHTpalis B IUJIa3Mi JOcsrae piBHS, L0
3arpoXky€e€ OCMOTHYHOMY I'OMEOCTa3y Ta KJIITHHHIM rifparamii. Iroko3ypida € ¢i31010ri4HO
3alpOrpaMOBaHUM «KJIAIAHOM CKUAAHHS» OCMOTHYHOTO THCKY, a HPIOPUTET 3aXUCTY
KJIITUHHOI Tifjparanii € BHUIIMM 3a MPIOPUTET 30€pEeKEHHS TIJIIOKO3U SIK EHEePreTHYHOIo
cyoctpary. Llg rinoreza Oyna chopmyiboBaHa npod. 'oxxenkom A.l. Ha OCHOBI aHaizy
Gbi3i0N0TIUYHUX TAaHUX Ta PE3YJIbTATiB BIacHUX nociipkeHb (Gozhenko et al., 2017; Onenosuy
Ta iH., 2020; OneHoBu4 Ta iH., 2025) 1 € HEHTPAIHHOIO IS LILOTO OTJISIY.

I'imore3a 2. Anantusne migsunieras 1mM_G Ta HIIT npu [[/I2 € nmaTomoriaHuM (GeHOMEHOM,
o0 pyHHye TPUPOJAHUN 3aXUCHHM MEXaHI3M TIIIOKO3ypii Ta CHpUsie XPOHIYHIN
riIepoCMOJISIPHOCTI IJIa3MU Ta KIITUHHIA Aerigparanii, ¢opMyr4H MaTOJOTIYHE KOJO, 110
MIATPUMYE Ta TOCUJIIIOE Timepriikemiro. Binmosigno o miei rimotesu, nigsuieHds HIIT npu
2 mo 11-13 MMOIB/T T03BOJISIE OCMOJISIPHOCTI TIa3MU XpoHigHO niepeBumryBata 300—305
MOCM/KT, 1110 TPU3BOJMTH /10 XPOHIYHOI KIITUHHOI JIeT1IpaTalii, CTUMYJIALIT TIIKOTeHOMI3y Ta
[JIFOKOHEOT'eHEe3y B IemaToUTax Ta MOoAaIbIIoro MocHIeHHs rinepriikemii (Haussinger et al.,
1994; DeFronzo et al., 2013; OneHoBuu Ta iH., 2020).

linore3a 3. [TopymeHHst 0CMOPETYITIOBATBHOT PYHKIIIT HUPOK € OJHUM 13 HAHOIIBII paHHIX Ta
MAaTOreHETUYHO 3HAuylIMX MposBIB JiabeTuuHoi HedpomaTii, 1Mo Mneperye pO3BUTKY
nporeinypii Ta 3HwkeHHio IIIK®, i e Oe3nocepennim HacminkoMm nopymenHs HIII Tta
MOB'SI3aHOT0 3 HUM OCMOTHYHOTrO jiype3y. Llg rimore3a rpyHTyeTbCcs Ha pe3yJbTarax
JOCTIIKEHb OCMOPETYJIIOBAIBHOI (PYHKIIIT HUPOK B IMHAMILI PO3BUTKY aJI0KCAH-1HTyKOBaHOTO
eKCIiepuMeHTaIbHOTO AiabeTy (OneHoBud Ta iH., 2020; Olenovych & Zukow, 2022; OneHoBuy
Ta iH., 2025), K1 MOKa3aau MPOrpecuBHE MOTIPIIEHHS 3JaTHOCTI HUPOK JI0 KOHLEHTPYBaHHS
ceui BXKE Ha paHHIX CTaJisIX 3aXBOPIOBAHHS.

I'inore3a 4. Iuri6iTopu SGLT2 peanizytoTh CBOI INIEHOTPOMHI Kap/io- Ta HEPOIPOTEKTUBHI
epeKTH TMEepeBaXHO Yepe3 BIJHOBJICHHS MPUPOJHOTO OCMOTUYHOIO 3aXHMCHOTO MEXaHI3MY
HUpOK: (hapmakosoriune 3HWKeHHs HIIT™ 10 ~4—5 MMOIB/1T 1HAYKYE TIIFOKO3YPit0, 0 3HIKYE
OCMOJISIPHICT IJIa3MH, IOKpAIly€e KIITHHHY T1IpaTaliiio Ta 3amycKae Kackal reMoJuHaMIYHIX
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ta Metabomunux 3MiH (3HmkeHHs OLK, 3nmwkenns AT, axruBamis TI'3, 3HmKEHHS
BHYTPIITHBOKITYOOYKOBOTO THCKY ), IIIO € BIAMOBIIaIbHUMH 3a Kap1i0- Ta HeporpoTeKiiro. s
rimore3a € KIIHIYHUM MPOAOBXKEHHAM KOHIENTyainbHOi Monem mpod. ['oxenka A.l i1
MIATBEPIKYETHCS Pe3y/bTaTaMHM BEIMKHMX KIIHIYHMX TocaimkeHb (Zinman et al., 2015;
McMurray et al., 2019; Perkovic et al., 2019; Heerspink et al., 2020; The EMPA-KIDNEY
Collaborative Group, 2023).

limore3a 5. IlopymieHHs ioHOperysOBajdbHOI (YHKLII HUPOK NPH IYKPOBOMY Jiaderi,
30kpema 3miHu Tpancnopty Na', K*, Ca?*" ta docdariB y mpokcHMMaabHUX KaHAIBIIX, €
MATOreHETHYHO TOB'A3aHuMU 3 nopyuieHHsM HIII™ Ta 3Minamu ocMoperymoBaibHOI (yHKIIIT
HUPOK, POPMYIOUHN €IUHUN TaTO(Pi310J0TIYHNN CHHAPOM TYOYJIIpHOT JUCHYHKIIIT ITPH J1a0eTi,
[0 MPOTPEeCcye MapajielbHO 31 30UTBIICHHSIM TPHUBAJIOCTI Ta TSHKKOCTI Timepriikemii. Lls
rinoresa IpyHTYETbCS HA pe3ysbTaTax JOCHIKEHb 10HOPETYIIOBAIbHOI (QYHKIIT HUPOK MPHU
nykpoBomy aiaderi (Boychuk et al., 2016; Omnenosuu, 2020a; Olenovych et al., 2023;
Olenovych et al., 2024a) ta orpebye IHTErPaTHBHOIO aHAIi3y B3a€MO3B'SI3KY MK Pi3HHUMHU
acrieKTaMu TyOy spHOi AuchyHKIIT npu aiaderi.

2.4. Bepudixkaris rimores

Bepudikauis I'imore3u 1. ['inore3a 1 BepudikyeTbes yepes aHai3 KUTbKOX HE3AIKHUX JTiHIN
nokasiB. [lo-nepie, MaTeMaTHYHUHN aHai3 MATBepKye TouHUH 30ir Mixk HIII™ Ta BepxHBOIO
MEXEI0 HOPMAaJbHOI OCMOJISIPHOCTI Tuta3mu: mpu Tiikemii 10 MMOJB/I Ta HOpMaTbHUX
3Ha4YeHHAX HaTpito (140 MMOJIB/1T) Ta CE€YOBUHU (5 MMOJIB/JT) OCMOJISIPHICTD TJIa3MU CTAHOBUTH
piBHO 295 MOcMm/kr — BepxHI0 Mexxy Hopmu (Rose & Post, 2001; Knepper et al., 2015). ITo-
apyre, eBomouiiHa koHcepatuBHicTh HIIIT Ha piBHi 8—10 MMob/n y GiIbLIOCTI CcaBLiB
CBIJUUTh NPO HOTro BaxiIuBE (Pi310JIOTIYHE 3HAYEHHS, L0 BUXOAUTH 3a MEXI IPOCTOTO
HacuuenHs TpancnoptepiB (Vallon & Thomson, 2020). ITo-tpeTe, KIiHIYHI CHOCTEPEKEHHS
MIATBEP/KYIOTh, IO TIJIFOKO3Ypis HpPU BariTHOCTI 3aXUIIA€ BiJl TINEPOCMOJIIPHOCTI IPHU
recrainiiinomy niaberi, a miasumenHs HIIT mpu LIJI2 kopentoe 3 miBUIIEHHSAM CEpPEIHBOT
OCMOJISIPHOCTI TUIa3MHU Ta XPOHIYHOKO KIITHHHOI jerimpatamiero (Davison & Hytten, 1974,
Héussinger et al., 1994). Ilo-uetBepTe, hapmakosoriyni aokasu 3 gociimkeds iH3KT-2
JEMOHCTPYIOTh, 10 mTy4He 3HWkeHHs: HIII™ 10 ~4—5 MMoIb/11 3HMKY€ OCMOJISIPHICTD TUTa3MHU
npubam3Ho Ha 3—7 MOCM/KT Ta TOKpailye KIiTHHHY Tigpatamito (Ferrannini et al., 2014;
Marton et al., 2024). Tlo-n'ste, pe3yibTaTu AOCIIIKEHb OCOOJMBOCTEH KaHAJIbIIEBOTO
TPAHCHOPTY OCMOTUYHO aKTUBHUX PEYOBUH Ta MPOLIECIB OCMOPEryJIALii B JUHAMILI PO3BUTKY
AJIOKCaH-1HAYKOBAHOTO E€KCIEPUMEHTaJIbHOr0 IIyKpoBOro niabery, mpoBeaeHux OineHOBHY
O.A., MiATBEPKYIOTh, IO TMOPYIIEHHS OCMOPEryIIOBaJbHOI (DYHKIIT HUPOK € MpSIMUM
HacuikoM 3miH HIII npu nia6eti (OnenoBuy Ta iH., 2025). Takum unnoMm, ['inoTes3a 1 orpumye
MIATPUMKY 3 KUTBKOX HE3AJIeKHUX JIIHIM J0Ka3iB, X04a A7 il OCTaTOYHOTrO MiATBEPIKEHHS
HEOOXI/IHI CTIeIIaIbHO CITPOEKTOBAH1 TPOCTIEKTUBHI JTOCIIIPKEHHS.

CHocka: BucnoBmoemMo BeNMKy TOJSKY 3a CHIBIpalio Ta KOHcynbTamii mpodecopy A.L
['oxkeHko.

Bepudikaunis Iinore3m 2. T'imoreza 2 BepudikyeTbCcs uepe3 aHali3 KIIHIYHUX Ta
EKCIEPUMEHTAIBHUX JaHuX 111010 3MiH Tm_G ta HIIT mpu LI/12. Jocaimkernas Rahmoune et
al. (2005) mokazamu minBumieHHs Tm_G mpu IJI2 npubnusHo Ha 20% TmOpIBHSIHO 3i
310poBUMH 0cobamu, a gociimkenns DeFronzo et al. (2013) minrBepannu niaButnenss HIIT
1o 11-13 mmouns/n nipu LIJ12. Jocnimxenns Haussinger et al. (1994) npoaemMoHCTpyBaiu, 1o
HaBITh MOMIpHa KJIITHHHA JeriapaTaiis (3HWXKEeHHsS KIITUHHOro 00'eMy Ha 5-10%) cyTTeBO
CTUMYJIIO€ TJIKOTEHONI3 Ta TJIIOKOHEOreHe3 Yy Termarolnurax, IO MOXXE MOCHIIOBATH
rinepriikemito. Pe3ynbraté NOCTIDKEHh HUPKOBUX MEXaHI3MIB PETYJIAIIl BYTJIEBOJHOTO
CTaTycy B JUHaMilll PO3BUTKY EKCIEPUMEHTAIBHOTO IYKPOBOro Jia0eTy MiATBEpIuIn
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MPOTPECUBHE IMiJBUIICHHS peadcopOiii TIOKO3M B HHUPKAX MapalielbHO 31 30UIbIICHHSIM
TpuBasiocTi rinepriuikemii (OmnenoBuu Ta iH., 2020). KoHmemniiisi «OMIHO3HOTO OKTETY»
DeFronzo (2009), o BKIItOYaE miBUIIEHY HUPKOBY peadCcopOIIito MIIOKO3H SIK OJIUH 13 BOCBMH
naro¢i3ioNIOTIYHMX MEXaHi3MiB MiaTpuMaHHs rinmeprmikemii mpu  L[J12, migTBepmkye
natonoriuanii xapaktep migsumienHs HIIT mpu LJI2. Takum umnom, 'imore3a 2 orpumye
MEePEKOHINBY MIATPUMKY 3 KIJTBKOX HE3aJICKHUX JIIHIA TOKa31B.

Bepudikauis I'imore3n 3. I'imore3a 3 BepuikyeTbes yepes aHami3 pe3yibTaTiB JOCTIKEHb
OCMOpEryJTIoBaIbHOT  (PYHKINIi HUPOK B JMHAMII PO3BUTKY aJOKCAH-1HIYKOBAaHOTO
eKcrepuMeHTanbHoro aiadery. J[ocmimxenns OnenoBuu Ta iH. (2020) mokasamu, w010
MOPYILIEHHS OCMOPETYJIIOBaNbHOI (YHKILIT HMPOK pPO3BHUBAIOTHCS BXKE HAa PaHHIX CTaaifx
eKCIIEpUMEHTAIBHOTO I[yKPOBOTO JiabeTy 1 MporpecyroTh MNapaieiabHO 31 30UIbIICHHIM
TpuBaiocti rinepraikemii. Jocmimkennss Olenovych & Zukow (2022) migrBepauin
MIPOTPECUBHE MOTIPIIEHHS OCMOTUYHOTO KOHIICHTPYBAaHHSI Cedi B MHAMIII PO3BUTKY aJTOKCaH-
1HIYKOBAaHOT'O eKCiepuMeHTalIbHOTO fiadety. Jochimkenns Onenoud Ta iH. (2025) nokazanu
MOPYILICHHS KaHAJBIIEBOTO TPAHCIIOPTY OCMOTHYHO AaKTHBHHX pPEYOBHH Ta IIPOIIECIB
OCMOpETyYJIAILii BXKe Ha paHHIX cTaaisx miadery. L{i pe3yapTaTi y3romKyroThCs 3 JaHUMH PO
sHmkeHHs excrpecii AQP2 ta AQP3 y 36upansuux TpyOoukax mpu aiaberi (Nielsen et al.,
2002) Ta mopymieHHs B3aeMO/ii Mixk cuctemoro AJ[I"-akBanmopruHU Ta OCMOTHUYHUM JI1yPE30M.
JHocnimxenns Boychuk et al. (2017) nmigrBepaniu, mo nopymeHHs: GpyHKIIOHAIBHOTO CTaHy
HUPOK [IPU PAaHHBOMY €KCIIEPHUMEHTAIbHOMY I[yKPOBOMY /11a0€Ti OXOIUTIOIOTH SIK €KCKPETOPHY,
TaKk 1 OCMOpETYJOBaJIbHY (YHKIIi, IO Mepeaye po3BUTKY MOp(hosoridyHuX 3MiH. Takum
yuHOM, ['imore3a 3 oTpuMye NMEPEeKOHJIMBY MIATPUMKY 3 PE3yJIbTaTiB BIACHUX JOCHIKEHb
aBTOpIB Ta JIAHUX JIITEPATypPH.

Bepudikauis I'inoresu 4. I'inoreza 4 Bepu]iKyeThCs uepe3 aHalli3 pe3yJbTaTiB BEIMKUX
paHoMizoBaHMX KmiHIYHMX fgociipkeHb 1H3KT-2 Ta MexaHiCTMUHHUX JOCIIKEHb IXHBOTO
BILUIMBY Ha BoHUI 00MiH. Jlocmimkenns Ferrannini et al. (2014) mokasanu, 1o teparist iH3KT-
2 3HIKYE OCMOJISIPHICTB TuTa3Mu npubam3Ho Ha 3—7 MOcm/kr. Jlocmimkenns Marton et al.
(2024) minrBepauny, mo Teparis iH3KT-2 npusBoauts a0 3umkenHs OLIK npubnusno Ha 7—
10% Binx BuxinHoro pius. Jocmimkenns Heerspink et al. (2016) neranbHo onucain MexaHi3Mu
HeporpoTeKii iH3KT-2, BKJIFOYAIOYH aKTUBALIIO T3 Ta 3HUKEHHS
BHYTPIIIHROKITYOOUKOBOTO THCKY. Benuki kiiniuHi nociimkenas EMPA-REG OUTCOME
(Zinman et al., 2015), DAPA-HF (McMurray et al., 2019), CREDENCE (Perkovic et al., 2019),
DAPA-CKD (Heerspink et al., 2020) Ta EMPA-KIDNEY (The EMPA-KIDNEY Collaborative
Group, 2023) npoaeMOHCTpYBaIM 3HAYHUH KapJio- Ta HepponpoTekTuBHuil epext iH3KT-2,
10 YaCTKOBO TMOSICHIOETHCS 3MiHamu BojaHoro obwminy. Jlocmimkenns Gronda et al. (2023)
HIATBEPAUIN POJb TMOKPALICHHs KIITHMHHOI TifpaTtaiii Ta 3HMKEHHS CIIOKMBAHHS KHCHIO
KJIITHHAMU TPOKCHMAaJIbHOTO KaHaIblg y MexaHizmax opranompotekiii iH3KT-2. Takum
yuHOM, ['imore3a 4 OTpUMYy€ MEPEKOHJIMBY MIATPUMKY 3 Pe3yJbTATIiB BETUKUX KIIHIYHUX
IOCHIPKEHD Ta MEXAHICTUYHHUX JOCITIIKEHD.

Bepudikauist I'imore3n 5. ['inore3a 5 Bepu@ikyeTbes yepe3 aHali3 pe3ynbTaTiB AOCHTIKEHb
ioHOperyJ IIoBaIbHOT (YHKIIT HUPOK TpH IykpoBoMy miaberi. ocmimkenns Boychuk et al.
(2016) moxazanu MOPyIIEHHS 10HOPETYIIOBAIBHOI (DYHKIIIT HUPOK MPU IIyKPOBOMY JiabeTi, 110
BKJIIOYAIOTh 3MIHM TpaHcrmopty Na“® Ta iHIIMX 10HIB Yy NPOKCHMaJIbHUX KaHaJbI[SIX.
Hocnimpkenns Onenosud (2020a) miarBepanwi, mo ¢papmakorioriuna 6nokaga PAAC cyTreBo
3MIHIOE XapakKTep 10HOPETYJIIOBAIbHUX IMOPYIIEHb NPU E€KCIEPUMEHTAIBHOMY IIyKPOBOMY
niaberi, o CBiAYUTH MPO B3a€MO3B's130K Mixk PAAC Ta 10HOpETryTIOBaIbHOIO (DYHKIIIE€I0 HUPOK
npu giabderti. Jlocmimkenns Olenovych et al. (2023) mokazanu 0coOIMBOCTI I0HOPETYTFOBAIBHOT
¢GyHKUil HUPOK IIypiB y IUHAMIiLl PO3BUTKY EKCIEPUMEHTAJIHHOIO IIyKpOBOTO mialery,
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MiATBEPAMBIIN MPOTPECUBHE TMOTIPIIEHHS TPAHCHOPTY 10HIB MapaieslbHO 31 30UIbIICHHAM
tpuBanocti rinepriuikemii. Jocaimkenns Olenovych et al. (2024a) nokasanu mOpyIIEHHS
TPAHCTYOYJISIPHOTO TPAHCIOPTY Kanblito Ta ¢(ocdariB B AUHAMINI PO3BUTKY aJIOKCaH-
1HYKOBAHOTO E€KCIIEPUMEHTAJILHOTO IyKPOBOTO aiabeTy, 10 € OJHUM 13 MPOSBIB €JIMHOTO
curapomy TyOymspHoi auchyHkuii npu miaberi. Jocmimxenns OneHoBud Ta iH. (2025)
MiATBEPMIIN, 110 MOPYIIEHHS KaHAJIBIIEBOTO TPAHCIIOPTY OCMOTHYHO AKTUBHHMX PEYOBHH Ta
MPOIECIB OCMOPETYJISAMIl € YaCTHHOIO €IMHOTO NaTo(i3ioNIOTIYHOrO CHHAPOMY TYOYJISIpHOI
mucynkuii npu niaderi. Takum umHoM, ['imoTe3a 5 oTpuMye NEpEeKOHIUBY MIATPUMKY 3
pe3yabTaTIB BIIACHUX JOCIIHKEHb aBTOPIB Ta IaHUX JIITEPATYPH.

3. ®I310JI0T' 11 HUPKOBOI PEABCOPHIIII T'JTFOKO3H

3.1. AnaTomisi MPOKCUMAIBLHOTO KaHAJIbIIA Ta OpraHizallis peadbcoporii

[TpokcuMansHU KaHAJCIh € MEePIIUM BiIIIJIOM KaHAIBIIEBOI CHCTEMHU He(DPOHY 1 BiJIOBiIae
3a peabcopOuito Omu3pbko 65-70% mnpodiTbTPOBaHUX PEYOBHH, BKIIOYAIOYU TIIOKO3Y,
amiHokuciioTH, hocdaru, Oikapobonar ta Boay (Koeppen & Stanton, 2013). AHaToOMI4HO BiH
noaiisieThes Ha TpH cermentu: S1 (pars convoluta — 3BuBHCTa YyacTHHA, MEPIIUI Bifmia), S2
(pars convoluta — apyrwuii Bigia) Ta S3 (pars recta — npsiMa yaCTHHA, 1110 BXOIUTh J0 CKIIALy
30BHIIIHBOI CMYTH MO3KOBOi PEYOBHMHHM HUPKH). KIIITHHU MPOKCUMAIILHOTO KaHAIbI MalOTh
XapakTepHy MOPQOJIOTito, IO BiI0Opa)xae IXHIO BUCOKY TPAHCIIOPTHY aKTUBHICTG: alliKalbHa
MOBEPXHS BKPHUTA IIMITOYKOBOK OOJSIMIBKOIO (MIKPOBOPCHMHKAMHM), IO 30UIBIIYE ILIOIILY
MOBEPXHI MPUOJIM3HO B 36 pa3iB; Oa3onaTepaibHa MEMOpaHa YTBOPIOE MIMOOKI CKIAJIKH, 1110
30UTBIIYIOTh IUIOLLY KOHTAKTy 3 MDKKIITMHHUM HPOCTOPOM; KIITHHHU MICTATh BEIHKY
KUIBKICTh MITOXOHJpIH, IO 3a0e3MeuyroTh €HEepreTUYHi MOTpedM aKTMBHOIO TPaHCIOPTY
(Christensen et al., 2012). 3aranpHa 1I0IIa aMiKAIBHOI MOBEPXHI MPOKCUMAIBLHUX KaHAJBIIIB
000X HHUPOK JIIOJUHM CTaHOBUTH npubmu3zHo 50-60 ™2, mo 3alesnedye e(pEKTUBHY
peabcopOrtito Benukux 00'emiB mepBuHHOI ceui (Kriz & Kaissling, 2008). locmimkeHHs
(YHKI10HAJIBHOTO CTaHY HUPOK Y paHHIN Mepiojl eKCIEepUMEHTAIBHOTO IIyKpOBOTo AialdeTy
MOKa3ajy, 110 BXK€ HAa IOYATKOBUX eTalax 3aXBOPIOBaHHS BIJ0YBAIOTbCSI CYTTEBI 3MIHU
TYOyIsIpHUX (YHKIIH, 10 MepeyoTh po3BUTKY Mopdosoriunux 3min (Boychuk et al., 2017;
Olenovych, 2019).

3.2. Kiny6oukoBa ¢inbTparist Ta GpuIbTpaliiiHe HaBaHTAKEHHSI TJIFOKO3U

['mroko3a € Manor Monekysorw (moJnekyisipHa Maca 180 Jla) 3 rimpoauHaMidHUM pajsilycoM
6mu3pk0 0,37 HM, 1110 3HAYHO MEHILIE 3a pO3Mip MOp IIIOMepYJIsipHOi 6a3aibHOI MeMOpaHH (~8
HM). Tomy riaroko3a BUIBHO QUIBTPYETbCS B KIyOOUKax HUPOK MPAKTUYHO 0e3 oOMexeHb
(Brenner et al., 1978). Koediuient ¢inprpanii rimrokosn (0) nadbmmwkaerses 10 1,0, To6TO
KOHIIEHTpAllisg TJIIOKO3M B MEPBUHHIN ceul MPaKTUYHO NOPIBHIOE ii KOHLEHTpauii B Ia3mi
kpoBi. LIIK® y 310poBoi nopocinoi moauau ctaHoBUTh 90—125 min/xB (y cepennbomy 125 mMi/xB
JUTst 90JT0BIKIB Ta 110 MIT/XB 117151 )KIHOK ), 110 BiZIMOBIa€e 000BOMY 00'eMy mepBUHHOI ceul 130—
180 1 (Levey et al., 2009). ITIpu HopMmasbHi# Taikemii (5,0-5,5 mmoub/n) @HI™ cTaHOBHTS:
OHI'=IIK®*xCraroko3n=125 mi/xBx%5,0 Mmons/n=0,625 Mmoas/xB=112,5 mr/xs®@HI'=I1IK®D
xCrmroko3u=125 mi/xsx5,0 Mmoie/n=0,625 mMmons/xB=112,5 Mr/xB

3a 100y uepe3 HUPKOBUMA (UILTP MPOXOAUTH!

®OHI no6oBa=125 mn/xB*x 1440 xB/100y*5,0 MMoas/1x 180 Mr/mMMons=162 1/n100y®HI 10608
a=125 mu/xBx1440 xB/100y*5,0 MM0b/1%180 Mr/mMmmonbs=162 r/no0y

Takum yuHOM, IMOAHS 4yepe3 KiyOouku (umbTpyeTbest 0au3bko 162—180 r rimroko3u, sika B
HOPMI TOBHICTIO peabcopOyeTbesi B mpokcuMmanbHux kananblsix (Gerich, 2010; Alsahli &
Gerich, 2020). JlocmimkeHHS €KCKpETOPHOI (YHKIi HHPOK y paHHIA MEepioja alloKCaH-
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1HIYKOBAHOTO €KCIIEPUMEHTAIBLHOTO 1a0eTy miaTBepanin, mo 3Minu @HI € ogamMm 13 nepmmx
posBiB HUPKOBOI aucdyHkIii mpu miaderi (Boychuk et al., 2018).

3.3. MonekymsipHa Giosnorist SGLT-tpancnoprepis

3.3.1. SGLT2: ocHOBHHMIi TPaHCHIOPTEP IIIOKO3H B HUPKAX

SGLT2 (xomyerbcst reHoM SLC5A2) € OCHOBHMM TPaHCIOPTEPOM TJIOKO3M B HHUpPKax 1
3abesneuye peadbcopOuito 6im3bko 90% mpodinsTpoBanoi rimroko3u (Wright et al., 2011).
SGLT2 nokanizoBaHuii BHKIIIOYHO Ha amikaibHili MemOpani kmiTuH S1 Ta S2 cerMeHTiB
POKCHMAIIBHOTO KaHAJbIA. 3 TOYKH 30pY MOJEKYJISApHOI cTpyKkTypH, SGLT2 € MOoHOMEpHUM
OLTKOM, IO CKJIAJAEThes 3 672 aMiHOKMCIOTHUX 3aJIMIIKIB 1 MICTUTh 14 TpaHCMEeMOpaHHHX
nomenis (Deng et al., 2014). Tpauncnoprep GyHKI[IOHY€E 32 MEXaHI3MOM CUMIIOPTY: OAHOYACHO
nepeHocuts | wmomekymy rmioko3n Ta | ioH Na® 3 mpocBiTYy KaHanbOs B KIITHHY
(cmiBBimHOmEeHHs Na':riroko3a = 1:1). PymiiiHOI CHJIOK0 1711 TPAHCIIOPTY € eIEKTPOXIMIYHHMA
rpalieHT HaTpito, 1o miarpumyethest Na'/K-ATda3or0 Ha 6azonatepasibHiii MemOpani (Kanali
et al., 1994). Kinernuni xapakrepuctuku SGLT2 BrarouaroTh KoHcTaHTy Mixaemica (Km) ms
TJIIOKO3U OJM3BKO 2 MMOJIB/T (HU3bKA CHOPIAHEHICTh) Ta BHCOKY MaKCHMaJbHY HIBHAKICTDH
tpancropty (Vmax) — Bucoka emHicTs. Huszbka criopigaenicts SGLT2 10 IIr0K03U 03HAYaE,
110 1pH (Hi310JIOTIYHUX KOHIICHTPAITisX TTF0K031 (5—10 MMOJITB/JT) TpaHCTIOPTEDP MPAITIOE JAIEKO
HE Ha MaKCHMAJIbHIH IBUAKOCTI, [0 3a0e3meuye pe3eps peadcopbuiitnoi 3mataocTi (Vallon &
Thomson, 2020). locmimkeHHs i0HOpETYIF0BaIbHOT (PyHKIIIT HUPOK MPH IIyKPOBOMY Jia0eTi
MOKa3aJIH, IO MOpyIeHHs KoTpancnopty Na Ta rtoko3u € OZHUM i3 KIFOUOBHX MEXaHi3MiB
po3BUTKY aiabetnunoi HedpomnaTii (Boychuk et al., 2016; Olenovych et al., 2023).

3.3.2. SGLT1: pe3epBHMii TpaHCHIOPTEP

SGLT1 (xomyerbest reHom SLCS5AL) € npyrum 3a 3HAYUMICTIO TPAHCIIOPTEPOM TIIFOKO3U B
HHpKax 1 3a0e3nedye peabcopbuito 6mm3pko 10% mpodinerpoBanoi rimrokozu (Hummel et al.,
2011). SGLT1 nokasizoBaHuii Ha amiKalbHiil MeMOpaHi KJIITHH S3 cerMeHTa MPOKCHUMAIIbHOTO
KaHanbligd 1 BIJIrpae poJib «PE3EePBHOTO» MEXaHI3My IpH MiJABUILEHOMY (iIbTpamiiiHoMy
HaBaHTaxeHHI. Kinetnuni xapakrepuctuku SGLT1 npurnmmoBo BinpisHsroThes Bix SGLT2:
Km nmns roroko3un 6mu3bko 0,4 MMoONIB/N (BHCOKa CIOPIAHEHICTh), HU3bKa VMax (HU3bka
€MHICTB), criiBBiqHOmeHHs: Na :rroko3a = 2:1. Bucoka cnopinnenicte SGLT1 no rimoko3n
O3Hayae, 1110 Led TpaHCTopTep ePeKTUBHO peadbcopOye 3aJIMIIKOBY IITIOKO3Y HABITh IPHU JyXKe
HU3BKUX KOHIEHTpamisx B KaHaibueBid pinuHi. [lpm Omokami SGLT2 inribitropamu
KomneHcaTopHa aktuBauis SGLT1 moxe peabcopOyBaTu 10JaTKOBY KUIBKICTh IIFOKO3H, 11O
4acTKOBO oOMexkye edextuBHicTs Tepamii (Spellman et al., 2024; Hotait et al., 2022).

3.3.3. GLUT2 ta GLUTL: 6a30oa1aTepanbHuii BUXiI INIIOKO3H

[Ticns peadbeop6ii uepes SGLT-TpancnopTepu TITIOK03a BUXOIUTH 3 KIIITHH MTPOKCUMAITEHOTO
KaHalblld B MDKKIITUHHMHA TIPOCTIp Yepe3 TpaHCHOpTEepH IoJermenoi audysii Ha
0azomarepanbHiii MeMOpaHi. OcHoBHEM TpaHcropTepoM € GLUT2 (komyeTscsi TeHOM
SLC2A2), mo 3a0e3neuye JBOHANPABICHUHA TPAHCIIOPT IIFOKO3U 32 TPaAi€HTOM KOHIIEHTpAIil
(Thorens & Mueckler, 2010). GLUT1 Bigirpae momoMixHy poJib i 3abe3nedye Oa3zaabHHI
TpaHncnopt rioko3n. GLUT2 Mae HU3BKY cropifiHEHICTh 70 Tioko3u (Km ~15-20 mmosns/n),
mo 3abe3nedye e(EeKTUBHUN BUXIJ TIIOKO3UM 3 KIITHHH HABITh TPH BIJHOCHO HU3BKUX
BHYTPIIIHBOKJIITUHHUX  KOHLEHTpamisx. Ilpm  rimeprimikemii  Ta  MiABHUIICHOMY
BHYTPIIIHROKJIITHHHOMY ~ BMICTI TJIIOKO3W TpaHcrmopT depe3 GLUT2 30imbmryersces
MPOMNOPIIHHO, 1110 3armo0irae HAKOMMUYEHHIO TIIOKO3U B KIITHHAX MPOKCUMAJIBHOTO KaHAJbII
(Thorens & Mueckler, 2010).

3.4. MakcumanbHa TyOynsipHa peadbcopoOuis rirokosu (Tm_G)
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3.4.1. BusHauyeHHsI TA HOPMATHBHI 3HaYeHHA

Tm_G — e MmakcuMalibHA KUTBKICTh TIIIOKO3H, Ky HUPKHU 3/1aTHI peadcopOyBaTH 3a OJIMHUIIIO
Yacy MpU yMOBI HACHUYEHHS BCIX TPAHCIOPTHHUX cUCTEM. TM_G € iHTerpaJbHUM MOKA3HUKOM
peabCcopOIIiHOT 3AaTHOCTI HUPOK MO0 TIFOKO3W Ta 3aJICKUTh BiJl 3arajbHOI KIJBKOCTI
¢ynkuaionyrounx SGLT2 ta SGLT1 tpancnoprepis. HopmarusHi 3nauennss Tm_G y 310poBux
nopociux: 4ojoBiku — 375 £ 80 mr/xa (2,08 + 0,44 MMob/XB); xiHku — 303 £+ 55 mr/xB (1,68
+ 0,31 mmonw/xB). CtareBa pi3Huid B TM_G MOSCHIOETHCS BIIMIHHOCTSIMH B 3arajibHild Maci
HUPKOBOI TKaHWHU Ta KiibkocTi HepponiB (Chasis et al., 1933). [docnimKkeHHsT peHaIbHUX
MEXaHI3MIB PETyJIIlii BYIJIEBOJHOTO CTAaTyCy B JMHAMIIIl PO3BUTKY EKCIEPUMEHTAIBHOTO
I[yKpPOBOTO fJiabery mokazayi, mo TM_G 3MIHIOETBCS 3aJICKHO BiJ TPUBAIOCTI Ta TSHKKOCTI
rinepriikemii, o € BaXJIMBUM MaTO(}i310JIOTTYHIM MEXaHI3MOM MPOTrpeCyBaHHs A1a0CTHIHOI
Hedpomnarii (Onenosud Ta iH., 2020).

3.4.2. TeopeTH4YHMI PO3PAXYHOK HUPKOBOI'O MOPOTY

Teopernuno, HIII" moxna po3paxysartu sik BigHomeHHs Tm_G go [HIK®:
Cropir(teop)=TMGILIK®=375 mr/xB125 mu/xB=3 mr/ma=16,7 mmouns/aCropir(teop)
=[[IK®TmMG=125 mi/xB375 mr/xB=3 mr/mi=16,7 MmMonb/1

Opnnak peansuuii HIIT (8,9—-10,0 MMoJTb/1T) 3HAYHO HIDKUWH 32 TeOpeTHUHUH. Le mosicHIoeThCs
benomerHoM «splay» — MmocTymoBuM, a He Pi3KHM IOYATKOM IIIFOKO3Ypil MpH IIiABHIICHHI
riikemii (Smith, 1951).

3.5. ®enomen «splay» ta iioro ¢izionoriudae 3HaYEHHS

denomen «splay» onucye BiIXUICHHS pealibHOI KPUBOT peaOCcopOIIii TIIFOKO3H BiJl TEOPETHYHOT
npsMOKYTHOI (opMu. B ineanbHili Mojeni TIIOKO3ypis Majga O HMOYMHATHCS PI3KO HpU
nocsrHeHHI TM_G. HatoMicTh y pealbHOCTI TIIFOKO03a MIOYHHAE 3'SIBIISITHCS B C€Yl TIPH 3HAYHO
HIDKYMX PIBHAX IJIKeMii, a KpuBa peabcopOuii Mae moyoruil nepexigHuii Biapizok. GeHomeH
«splay» mae 1Ba KOMIIOHEHTH: TpecaTypaiiiiinuii splay (rirokoza 3'SBISETbCS B cedi 10
nocsrHeHHs: TM_G — MOSICHIOEThCS FeTepOreHHICTIO He(POHIB) Ta mocTcarypauiitauii splay
(peabcopO1tist MPOJOBKYE 3POCTATH MICIS JOCITHEHHS «IIOPOTY» — TOSICHIOETHCS KIHETUKOIO
Mixaenica-MenTeH). Pi3Hi Hehponu MaroTh pizHe criBBiaHomeHHs HIK® ta Tm_G, Tomy oani
He(pPOHHU JOCATAIOTh HACUYEHHS TPAHCIIOPTEPIB paHille, HUK 1HII. BilMoBIAHO 10 KIHETUKHU
Mixaenica-MeHTeH, MBHUIKICTh TpaHCTIOPTY (V) OMUCYETHCS PIBHAHHSAM:
V=Vmaxx[S]Km+[S]V=Km+[S]Vmaxx[S]

ne [S][S] — xoureHTpallist TIFOKO3U B KaHanbIeBii pianai, KmKm — koncranta Mixaeica
(~2 mmomb/n s SGLT2). [pu KoHIEHTpaLisX TIOKO3H, 10 MepeBUInyroTh Km B Kibka
pasiB, TpaHcmopTep HaOIMXkaeTbcs A0 VMax, ajne HIKOIM HE Jocsrae iHoro abCoyIIOTHO
(Spellman et al., 2024). ®enomen «splay» mosicatoe, womy HIII™ € He hikcoBaHOIO TOUYKOIO, a
nianazoHoM (8—10 MMomnb/m), 1 YoMy y pI3HHX JIOACH BIH MOXE CYTTEBO BIIPI3HATHUCA.
KiiHiyHO 11e 03Hayae, 1m0 BiACYTHICTh IITIOKO3Ypii HE rapaHTye HOpMOTJiKeMii (0coOIMBO pu
niasumeHomy TM_G mnpu [/I2), a HasgBHICTH TJIOKO3ypil HE 3aBXAM CBIAYUTH IPO
rinepriikemito (mpu 3umxkenomy HIIT' — penanbsHa riroko3ypist) (DeFronzo et al., 2013).

4. OCMOJIAPHICTD IIVIABMU TA KJIITUHHA I'TAPATALIA

4.1. ®i310510T14HI MEX1 OCMOJIIPHOCTI MJIa3MH

OcCMONSpHICTh IMJIa3MU KPOBI € OJAHMM 13 HAWOUIBII KOPCTKO PEryibOBaHUX MapaMeTpiB
BHYTPIIIHBOTO CEPEOBUIIA OpraHi3My. Y 37J0pOBUX JTIOPOCIHX JIIOJIeH BOHA MIATPUMYETHCS B
Mmekax 285-295 mOcm/kr H:0, 3 cepeanim 3naueHHsM 6au3bko 290 MOcm/kr (Knepper et al.,
2015). BigxuneHHs BiJ LbOro Jiama3oHy Oumbmn HDK Ha 1-2% aKTHBYIOTH TOTYXHI
KOMITEHCATOpHI MexaHi3MH. OCMOJISIPHICTH TIJIa3MH PO3PaX0OBYETHCS 32 POPMYIIOIO:
Posm=2%[Na+]+[Glu]+[Urea]Posm=2x%[Na+]+[Glu]+[Urea]
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ne [Na+][Na+] — xonuentpaiiist Hatpito B miasmi (Mmmoub/n), [Glu][Glu] — konuenTpais
rimoko3u (Mmosie/i), [Urea][Urea] — konnentparis cedoBunu (Mmouts/) (Rose & Post, 2001).
IMpu Hopmanphux 3HayeHHsX ([Na+][Na+] = 140 mwmome/n, [Glu][Glu] = 5 wmmounb/m,
[Urea][Urea] = 5 mmounb/n):

Posm=2x140+5+5=290 mOcm/krPosm=2x140+5+5=290 mOcm/kr

KoxxeH MMoJb/n rimoko3u BHOCUTh 1 MOCM/KI 10 OCMOJSIPHOCTI Ia3MH. TakuM 4HHOM,
MiBUIICHHS TiKeMii 3 5 10 10 MMOJIB/1T 30UTBIITye OCMOJISIPHICTD M1a3Mu Ha 5 MOCM/KT — 3
290 nmo 295 MOcwm/kr, 1m0 BiAMOBIAa€ BEepXHINH Mexi HOpMH. JlOCHITKEHHS OCMOTHYHOTO
KOHIICHTPYBaHHs Ce€di B JUHAMIlLll PO3BUTKY AJIOKCAH-1HIYKOBAHOTO EKCIIEPHMEHTAIBHOTO
nia0eTy MoOKaszajaM, IO HOPYLIEHHS OCMOpPEryJOBalNbHOI (YHKIIT HUPOK Iporpecye
napaJiesibHO 31 30UIblIeHHsIM ocMousipHocTi azmu (Olenovych & Zukow, 2022; OnenoBuy
Ta iH., 2025).

4.2. KmouoBe crocrepexenns: marematnunuii 36ir HIII' Ta BepxHBOI MeXi HOpMAaJbHOI
OCMOJISIPHOCTI

LleHTpaIbHUM CIIOCTEPEKEHHSIM LBOTO OTJsIAy € MareMmaTwuHuii 36ir mix HII (8-10
MMOJIb/JI) Ta BEPXHBOIO MEXKEI0 HOpMalbHOI ocMoiyigpHOCTI Tiazmu (295 mOcm/kr). [lpu
riikeMii 10 MMOJIB/T Ta HOpPMaIbHHUX 3HAYSHHSX HATPIIO T4 CEYOBHUHHU:
Posm=2%140+10+5=295 mOcm/krPosm=2x140+10+5=295 mOcwm/kr

Ile came BepxHS MeXa HOPMAIBHOI ocMoJisspHOCTI. [lomanpie miABHINEHHS TIIKEMIl
MPU3BOJIUTE 7O TIMEPOCMOJSAPHOCTI IIa3MH, IO CHPUYUHSAE KIITHHHY JIETiApaTalliio.
ﬁMOBipHiCTL TOro, 10 L€ 30Ir € BHUMIAJAKOBMM, HAI3BHYalHO Maja. Biabll JOTIYHHM €
npUIyneHHs, 3anpornoHoBane mpod. ['oxxenkom A.1L. (Gozhenko et al., 2017; OnenoBud Ta iH.,
2020), mo HII" € eBomoriiiHo chopMOBAaHUM MEXaHI3MOM, IO 3aMo0irae MepeBHUINECHHIO
KPUTUYHOT'O MOPOTY OCMOJIIPHOCTI IU1a3MU. Hupka «103BOJIs€» TIHOKO31 BUXOJIUTH B CEUy
came TO/il, KOJIU 1i KOHIIEHTpAIlis B IJIa3Mi JOCATaE PiBHS, IO 3arpoKye KIITUHHIN Tiapartaiii.
Ils rimore3a y3roJUKyeTbcs 3 pe3yibTaTaMM JOCHIDKEHb OCOOIMBOCTEH KaHAJBIEBOIO
TPAHCIOPTY OCMOTUYHO aKTUBHUX PEYOBHH Ta MPOIECIB OCMOPETYJIALIT B TUHAMIL PO3BUTKY
AJIOKCaH-1HAYKOBAHOTO €KCIEPUMEHTAIBHOTO I[yKpoBOro niadety (OnenoBud Ta iH., 2025).
4.3. MexaH13MHU KJIITUHHOI JieT1ipaTallii Mpy rinepocMoIIpHOCTI

4.3.1. OcmoTHYHE MepeMillleHHs BOAU

[Ipu mifBUILIEHH] OCMOJIIPHOCTI MO3aKJIITUHHOI PIAMHY BUHUKAE OCMOTUYHUH TPaJI€EHT MIXK
MO3aKJIITUHHUM Ta BHYTPIIIHBOKIITUHHUM IpocTOopaMu. Bona mepemimiyerscss 3 KIITHH Y
MO3aKJIITUHHUM MPOCTIp 3a TPAJAIEHTOM OCMOTHYHOTO THCKY 4Yepe3 aKBallOPMHOBI KaHAIM Ta
nusixoM mpocroi audysii uwepe3 mimigami Oimap (Knepper et al.,, 2015). IlIBuaxicts
MEepeMIlIeHHsI BOJM 3aJ€KUTh BiJ BEJIMYUHU OCMOTHYHOTO rpagieHTy (AOsm), BOAHOI
MPOHUKHOCTI KJIITUHHOT MeMOpanu (Lp) Ta rutomi moBepxHi KiiTuHU (A):
Jw=LpxAXATTIw=LpxAXAIl

ne JwJw — notik Boau, AITAIT — pizuurs ocmotuanoro tucky (Finkelstein, 1987).

4.3.2. AKBanopuHH Ta iX poJib y KJIITHHHIN rigparamii

Axsanopunu (AQP) — e ciMeifcTBO IHTErpaibHUX MEMOpaHHHUX OLIKiB, IO YTBOPIOIOTH
BOJIHI KaHaIM Ta 3a0e3MeuyloTh LIBUAKMNA TPAHCHOPT BOAM yepe3 KIITUHHI MeMOpaHu. Y
HUpPKax 1eHTU(IKOBAHO KiJbKa THIIIB AKBAIlOPHHIB 3 PI3HOIO JIOKANi3ali€lo Ta (YHKIIE0
(Nielsen et al., 2002): AQP1 nokanizoBaHuil Ha amikaabHii Ta 6a3zomaTepanbHiii MeMOpaHax
KIIITHUH NPOKCHMAJIBHOTO KaHAJbI Ta TOHKOTO CHAJHOr0 KojiHa merii ['enine 1 3abe3neuye
peabeopbuito ~70% npodinbTpoBanoi Boau; AQP2 okanizoBaHuil Ha amikalibHIM MeMOpaHi
KITHH 30MpanbHUX TpyOouok, perymoerbes AJllT (BazompecMHOM) Ta € KIIOYOBUM
MeniatopoM antuaiypetudHoro edekty; AQP3 ta AQP4 nokamizoBani Ha 0a3onarepanbHIn
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MeMOpaHi KIITUH 30upanbHUX TpyOOuoK 1 3a0e3medyroTh BUXiA Boau 3 KiituH. [lpm
TiepOoCMOJISIPHOCTI TIa3MHU aKTUBYEThes cekpertis AJILT, mo ctumynroe nepeminienus AQP2
3 BHYTPIIIHBOKJIITUHHUX BE3UKYJ Ha amikajdbHy MeMOpaHy KJIITHH 30UpajbHUX TPyOOUOK,
MABHMIYFOYH 1X BOJHY IPOHHMKHICTB Ta crpusitoun peabcopoiii Boau (Knepper et al., 2015).
4.3.3. Opranna cnenu@ivHicTb KJIITHHHOI Jeriaparauii

Pi3Hi THUIIK KIITHH MarOTh Pi3HY YYyTJIMBICTH JO OCMOTHYHOIO cTpecy. HelipoHu € HalOiIbIn
YYTIMBUMHU JI0 3MIH OCMOJISIPHOCTI: KIIITUHU MO3KY HE MOKYTh BUTBHO PO3IIUPIOBATHUCS Yepe3
KOPCTKICTh uepenHoi KOpoOKHM, TOMY HaBiTh IOMIpHA KIITHHHA JETiApartamis MoXe
MPU3BOJUTH JO HEBPOJIOTTYHUX cUMITOMIB. KiniHIYHO 3Hauymia auchyHKIS HEHPOHIB
CIIOCTEPITaeThCS TPU MIABUIICHHI OCMOJIIpHOCTI Tuiazmu moHan 295-300 mOcw/kr. Ilpu
ocMmosipHocTi  moHan 320 MOCM/Kr  pO3BHUBAIOTHCS BaKKi HEBPOJOTIYHI MOPYIICHHS,
BKJIIOYArOUM cyzoMu Ta komy (Stoner, 2005). EputponnTtu pearyroTh Ha TilepOCMOJISPHICTD
3MEHIICHHSAM 00'€My Ta MIJBHUINEHHSM B'S3KOCTI KPOBI, IO MOTIPIIY€E MIKPOIMPKYJIAIIIO Ta
MOXKE CHpPHUATH TPOMOOYTBOpPEHHIO. [emaronmuTd NpH KIITHHHIA JAerizparamii 3HHKYIOTh
CHUHTE3 TJIIKOTeHy Ta MOCHUIIOIOTH TIIKOT€HOMI3 1 TIIOKOHEOTeHe3, 10 MOXKE MOCHIIOBATH
rinepriikemito (Haussinger et al., 1994). KiituHu npOKCHMMaJIbHOTO KaHAJbLs HUPKH MPU
TiNepOCMOJISIPHOCTI AKTUBYIOTH OCMOIIPOTEKTHBHI MEXaHI3MHU: HAKONMMYEHHS OpraHi4YHHUX
ocMotiTiB (copOiT, OeTaiH, TaypuH, Mi0-IHO3UTOII), IO JIO3BOJISE KIITHHAM aalTyBaTUCS JI0
MiABHMINEHOI OCMOJIIPHOCTI Oe3 3HauHOi BTparu o0'emy (Burg et al., 1997). JlocmimkeHHs
ricTOMOP(OIOTIYHIX OCOOTMBOCTEH MiUITYHKOBOI 3aJI03H IIypIiB 3 AJOKCaH-1HIyKOBaHUM
niabeToOM PI3HOI TPUBAJIOCTI MOKA3aJIM MPOTrPECHBHI 3MIHM TMApEeHXIMH, IO KOPETIOTh 31
CTyIEHEM TilepOCMOJISIPHOCTI Ta mopyiieHHsM BogHoro oominy (Olenovych et al., 2024).

4.4. Perynsuist OCMOJIAPHOCTI: rinoranamo-rinogizapaa Bick Ta AT’

OcmMmopenienTopu rinoraiamyca (mepeBakHO B siapax Supraopticus ta paraventricularis) e
HQ/I3BUYAfHO  YYTJIMBMMH  CEHCOpaMHM  ocMojisipHOocTi  masMu. Ilopir  axkTtuBamii
OCMODPEIIECTITOPIB CTAaHOBHUTH 0JM3bKO 280—285 MOCM/KT, a MMiIBUIIICHHS OCMOJISPHOCTI Ha 1—
2% Bke BUKJIMKAE 3HauHe 30inbinenns cexperii AJ[I" (Bankir et al., 2017). A" (Ba3ompecwuH,
AVP) — HOHanenTu I, O CUHTE3YETHCS B HEHPOHAX TiloTalaMyca Ta CEKPETY€EThCSI 3 3aIHBOT
nouii rinodiza. OcHoBHi epext AJII" BKIIIOYAIOTh: aHTUAIYpEeTHUHUM eeKT (3B's13yBanHs 3 V2-
penentopamMu 30UpaIbHUX TPYOOUOK — aKTHBAIliS aJCHUIATIMKIA3U — MiABUIIEHHS TAM®D
— (pocopumoBanns AQP2 — nepeminienHs AQP2 Ha anikanbHy MeMOpaHy — MiIBUILIIEHHS
BOJHOI IPOHUKHOCTI — peadcopO11isi BOJM); BA30OKOHCTPUKTOPHUM eeKT (3B's13yBanHs 3 V1a-
pelenTopaMu TJaJKOM'I30BUX KJIITHH CyAMH —> BA30KOHCTPUKISL TpPU BUCOKHUX
KOHLEHTpALIAX); CTUMYJIALII0 cOpard (3B'I3yBaHHS 3 peLeNnTOpaMHu LEHTPY CHpard B
rinmoragamyci — BIIUYTTs criparu — 301IblIeHHS criokuBaHHs pinuan) (Knepper et al., 2015).
[Ipn raroko3ypii BUHHMKAE KOHKYPEHISI MIK OCMOTHUYHUM €(QEeKTOM TIJIIOKO3U Ta
a"TuaiypetndyHuM epekrom AJII. T'imroko3a, 0 3HaXO0IUThCS B IPOCBITI KAHAJIBIIIB, MT1ABHIIY€
OCMOJISIPHICTh KAHAJIBIIEBOI PIAWHU Ta TEPEIIKOKae peadcopOrlii BOAM, HE3BAKAKOYHM HA
nigsuiiennii pisenb AJII. JlocnimkeHHsT 0CMOpPEryToBaIbHOI (YHKIIT HUPOK B TUHAMIII
PO3BUTKY aJIOKCaH-1HAYKOBAHOTO €KCIIEPUMEHTAILHOTO /1a0eTy MiATBEPIUIM MPOrPECUBHE
MOPYIIEHHA 31aTHOCTI HUPOK JI0 KOHLIEHTPYBAHHS Cevi, 1110 Bi1oOpakae MOPYILIEHHS B3aEMOIT
Mk cuctemoro AJIl'-akBanmopunu Tta ocMoTHyHMM aiype3oMm (Olenovych & Zukow, 2022;
OnenoBu4 Ta iH., 2025).

5. HAPKOBHUH IOPIT JIJIS TJIIOKO3U: HOBA KOHIIENITYAJIBHA MOJIEJTb
5.1. Tpagumiina moaenb: HIID sx HAcTiTOK HACHYEHHS TPAHCIIOPTEPIB

Tpamumiitna monens HIII, mo mominye B migpy4Hukax ¢izionorii Ta KIiHIYHIA MEIUIUHI,
pO3IIIsIIae€ TIIOKO3YPII0 BUKIIOYHO SK Hacmigok HacwueHHs SGLT2-tpancnoprepiB mpu
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MEPEBUIIICHH] TMEBHOrO piBHA TiikeMii. BimnoBimHo no miei moxeni, HIIIT Bu3HauaeTbes
KUIBKICTIO Ta KiHETHYHUMH XapakTepuctukamu SGLT2 y mnpokcMMalbHMX KaHAJBIISIX,
TJIIOKO3YPisl € «TaCUBHUMY HACIIIKOM MEPEBaHTAKEHHS TPAHCTIOPTHUX CUCTEM, a €BOJIOIIITHE
snadenns HIIT nmosicHioeThbes uie ooMexeHHsMu TpancnoptHoi emuocTi (Gerich, 2010). s
MOJIENIb € TIPABMIJIBHOIO 3 MOJIEKYJISIPHOI TOYKH 30Dy, ajie He Ja€ BiANOBiJI Ha MUTAHHS PO
€BOJTIOIIMHY AOLIBHICTh came Takoro pieHs HIIT.

5.2. HoBa monens npod. IN'oxxenka A.L: HIII™ sk MexaHi3M 3aXUCTY KIITHHHOI TiapaTarii

M#u npornoHyeMO aJbTEPHATUBHY KOHIIETITYyallbHY MOJENb, Brepiie chopMmysiboBaHy mpod.
I'oxxenkom A.L. (Gozhenko et al., 2017; OnenoBuu Ta in., 2020; OneHoBuu Ta iH., 2025),
BimmoBigHO 10 sikoi HII e eBomromiiiHo chopmMOBaHMM MeEXaHI3MOM 3aXHCTy KJIITHHHOT
rigparaiii. Kiiro4oBi moyioskeHHS 1i€T MoJIesi TaKi.

[To-nepmie, maremarnynmii 30ir HIII' Ta BepxHBOi MeXi HOPMAIBLHOI OCMOJSIPHOCTI HE €
BUIAJKOBUM: IpH Tiikemii 10 MMOJB/I Ta HOpPMalbHUX 3HAUYEHHSX HATPIIO Ta CEUOBMHU
OCMOJISIPHICTB TIa3MHU CTAaHOBUTH 295 MOCM/KT — caMe BEpXHIO MEXKY HOPMH.

[To-gpyre, TarOKO3ypis € AKTUBHUM 3aXMCHUM MEXaHI3MOM, a HE IaCUBHUM HAaCIiJKOM
MEePEeBAaHTAKECHHS: BUBEICHHS TJIOKO3U 3 CEYCI0 3MCEHIIY€ OCMOTHYHE HABAaHTAKCHHS Ha
1a3My KpoBi Ta 3amobirae MoJaibIIOMY IiJIBUIEHHIO OCMOJSPHOCTI — II€ «KJIamaH
CKUJIAHHSD» OCMOTHYHOTO THCKY.

ITo-Tpete, opranizM <«OKepTBY€e» IIIIOKO30K0 3apajy MiATPUMAHHs KIITHHHOI rifpaTauii, 1o
BigoOpaxae iepapxiro (pi3i07I0riYHUX MPIOPUTETIB: MATPUMAHHS BOJHOTO TOMEOCTA3y € OLIbII
KPUTUYHUM JUIs1 BUKMBAHHS, HIXK 30€peKEeHHs KOXKHOTO IpaMa IIIF0KO3H.

[lo-uetBepre, amantuBHe migsuuieHHs HIII npu /12 e maronoriunuM (eHoMeHOM, IO
MOpYIIY€e 3aXUCHUM MEXaHI3M IUIIOKO3Ypii, JO3BOJISIOUN TJIiKeMil MiJIBUILYBaTHCA 10 PIBHIB,
10 COPUYUHSIOTH XPOHIUHY KIITUHHY JIET1IpaTallito Ta ruepoCMOISPHICTD.

L5 KOHIIeN1is y3TO/PKYETHCS 3 pe3yJIbTaTaMU JOCTIIKEeHb 0COOINBOCTENH OCMOPETYTFOBAIbHOT
(GyHKIIT HUPOK B TUHAMIL PO3BUTKY €KCIIEPUMEHTAIBHOTO I[yKPOBOTO J11a0€Ty, sIK1 T0Ka3aan
IIPOrPECUBHE MOPYIIEHHS OCMOTHMYHOI'O KOHIIEHTPYBAHHs Ccedl MapayielbHO 31 30UIbIICHHIM
TpuBaNocTi Ta TspKKocTi rinepriikemii (Olenovych & Zukow, 2022; OneHosuu Ta iH., 2025).
5.3. Jloka3u Ha MATPUMKY HOBOT MO

EBomroniiina koncepBatuBHicTs HIII™ Ha piBHI 8—10 MMOIB/1T y pi3HUX CCaBLIB CBIIYUTH PO
foro BaxknuBe (izionoriune 3HadyeHHs. SAxkO6u HIII' BusHauaBcsa numie kiHeTukoro SGLT2,
MoxHa Oyino O ouikyBaTtu OUIBIIOI BapiabenbHOCTI MK Bumamu. Hartomicts 36ir HII 3
BEPXHBOIO MEXEI0 HOPMAJIBHOI OCMOJISIPHOCTI CIOCTEPIraeThcsl y OUIBLIOCTI CCaBIiB, IO
MiITPUMYE TIMOTe3y MpO eBOJIOIIHHY AoIiibHIcTh boro piBHs (Vallon & Thomson, 2020).
KniniuHi crocTtepexeHHs TakoX MiATBEpUKYIOTh 3B's30k Mk HIIIT Ta ocmormuHuM
rOMEeOCTa30M: TJIoKo3ypis mpu BaritHocTi (3HmxkeHHs HIIIT BHachimok rimepdinbTpartii)
3axXMILIAE BiJ TiMEPOCMOJSPHOCTI MpH recrauiiHoMy niaderi; migsumenas HIIT mpu 11J12
KOpENIoE 3 TIJIBUINEHHAM CEPEIHbOI OCMOJSPHOCTI TUIa3MU Ta XPOHIYHOK KIITHHHOIO
nerigpatauieto; tepamis iH3KT-2, mo 3umxye HII, mokpainye KIITHHHY TifpaTaiiio Ta
3HIKYE ocMmousgpHicTh tiasmu (Ferrannini et al., 2014). JlocmimkeHHST 10HOPETrYIF0BaIbHOT
¢yHKUIl HUPOK HpU I[yKpOBOMY Jia0eTi MOKaszaiu, II0 MOPYIIEHHS TPaHCIOPTY IOHIB Yy
MIPOKCUMAITbHUX KaHAJIBISIX TICHO MOB'sI3aHi 31 3MiHAMH OCMOTHYHOTO romeocrasy (Boychuk
et al., 2016; Olenovych et al., 2023). 3acrocyBannst iH3KT-2 € npupoTHUM EKCIIEPUMEHTOM,
10 TATBEP/KYE HOBY Mojelnb: mry4yHe 3HmkeHHs HIII 1o ~4—5 mMmoinb/m npu3BOAUTH A0
3HWKEHHST OCMOJISIPHOCTI  IJIa3MH, TOKpAIIEHHS KIITHHHOI Tixparamii, 3HUXKEHHS
apTepiaTbHOIO TUCKY, MOKpAIIeHHs (YHKINT HUPOK Ta KapaioMpOTEKTUBHUX edeKTiB (Zinman
et al., 2015; McMurray et al., 2019).
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6. HUPKOBHUM MOPIT IS T'TIOKO3HU ITPHA IIYKPOBOMY JIIABETI

6.1. 3miau HIII" Ta Tm_G npu nykpoBomy niadeti 2 Ty

ITpu /12 cmocrepiraerbess mapagokcanbHe minsuiienns HIII ta Tm_G, mo € oxuum i3
MEXaHi3MiB MiATpUMaHHS XpoHiuHOI rinepriikemii. Jocmimkenass Rahmoune et al. (2005)
nmokasanu, mo y mamieHtiB 3 [[JI2 Tm_G migBumena npubnm3Ho Ha 20% TOPIBHAHO 3i
3mopoBuMu ocobamu (375 mr/xB VS. 450 mr/xB). IMoganein gocmimkenns DeFronzo et al.
(2013) migTBepauu i aaHi Ta mokazanu, mo HII npu LI/I2 mosxe cranoButH 11-13 MMonb/n
3amicTh HopMasbHUX 8,9-10,0 mwmonws/n. Mexanismu nigsumenHs 1m_G npu  [1J12
BKIJIIOYAIOTh: MiABUIIEHHS ekcrpecii SGLT2  (XpoHiWHA Timepriikemiss CTUMYITIOE
Tpanckpuriito reHa SLC5A2 yepes MexaHi3Mu, 110 BKJIFOYAIOTh aKTUBALIIIO TPAHCKPHUIIIIHHOTO
¢dakropa HNF-1a ta emirenernuni momudikaiii); rineprpodiro MpOKCUMaAILHUX KaHAIIBIIIB
(301IbIIIEHHST MAaCH MTPOKCUMAIbHUX KaHabliB Ha 15-20%, 110 3011bl1y€ 3araibHy KiTbKICTh
SGLT2-tpancnoprepis); mifuiieHHs akTuBHOCTI Nat/K*-AT®da3u (rinepriiikemMisi CTUMYJIIOE
aktuBHICTE Na'/K*-AT®a3u Ha 6a3osarepaibHiii MeMOpaHi, 10 MOCHIIOE €ICKTPOXIMIYHMIA
rpagieHT HaTpito Ta 30utemrye pymiiHy cury miss SGLT2); 36imemenns LIK® wa panHix
cragisx (rinmepdinbrpanis npu panuboMy L[J12 36iaemye ®OHI, mo crumysioe aganTUBHE
nigsuinenas Tm_G) (Vallon & Thomson, 2020; DeFronzo et al., 2013).

[TigBumennss HIIT mpu 1/12 mae BakauBi KiIiHIYHI HacHiaku: namieHTy 3 [1/2 MoxxyTh MaTi
riikeMito 11-13 Mmomnw/m 6e3 TIIOKO3ypii; BIICYTHICTh 3aXMCHOTO MEXaHi3My TIIIOKO3Ypii
JI03BOJIsI€ OCMOJISIPHOCTI MJIa3MH XPOHIYHO nepeBulnyBati 295-300 MOcm/Kr, 1110 TPU3BOAUTH
710 XpOHIYHOI KITITUHHOI JIeTiApaTanii; KITITHHHA JIET1IpaTallisi CTUMYJIIOE CEKPEIIii0 TIFOKaroHy
Ta KOPTH30I1y, [0 MOCUITIOE TIepriikeMito Ta 3aMuKae nmopouHe koo (Haussinger et al., 1994).
JlocikeHHsl peHAJIbHUX MEXaH13MIB PeryJisiii ByTJIeBOJHOTO CTaTyCy B AMHAMIL PO3BUTKY
eKCIEpUMEHTAIBHOTO I[yKPOBOTO AiadeTy MiATBepAWIM, 1o 3MiHM TM_G € oxHum i3
KJIIOYOBUX MATO(]I310JIOTIYHUX MEXaHI3MIB IpOrpecyBaHHs JAia0eTH4HOi HedponaTii
(OnenoBuu Ta iH., 2020). DeFronzo (2009) 3anponoHyBaB KOHIEMIIO «OMIHO3HOTO OKTETY»
— BOCHMHU NaTO(1310J0TTYHUX MEXaHI3MIB, 1110 MIATPUMYIOTH rinepriikemito npu /12, cepen
SKUX — IIJIBUIIIEHAa HHUpPKOBa peabcopOiisi rmroko3u (mimBuimieHunit Tm_G ta HIIT). g
KOHLEMNI[iSl MIAKPECTIOE, 10 HUPKU € HE JIMIIE «KEPTBOIO» J1adeTy, ajle il aKTUBHUM
YYaCHMKOM MaTOreHe3y rinepriikemii.

6.2. 3minu HIII' npu ykpoBomy niaberi 1 tumy

ITpu II/I1 cutyanis € Oinbln BapiaOeIbHOO Ta 3aJICKUTH BiJl cTafli 3axBoproBaHHs. Ha paHHiX
cragisix {1 HIII' moxxe O6ytu HOpManbHUM abo0 nemio 3HWkeHuM. [inepdiabTpariis, 1o
criocTepiraeThest Ha panHix cragisx L/11, 36impurye ®HI mpu BigHOCHO He3MinHIH Tm_G, mo
3anxkye edexruuuit HIII'. Lle mosicHioe, yomy rmoko3ypist npu LJI1 moxe 3'sBisiTucs npu
BIIHOCHO HIKYMX piBHAX Tiikemii, HDbk npu L[/I2 (Mogensen, 1976). Ilpu po3BuTKy
niabetnunoi Hedponarii Ta 3HWKeHH] [IIK® (<60 mn/xs/1,73 m?) HIII' nigsuiyerscs. [lpu
MK® <30 mn/xs/1,73 M?> raroko3ypiss Moxe OyTH BIACYTHBOIO HaBITh NpU 3HAYHIN
rinepriuikemii (>15 mmonb/m), ockinbku 3MeHmieHHss @HI™ koMmeHcyeThes 3HIKeHHSIM T_G
(Cherney et al., 2014). Ilpu giabetrunomy ketoarumo3i (JIKA) 3nauna rmokosypis (>50
r/100y) € OJTHUM 13 KIIOYOBUX MEXaHI3MiB OCMOTHYHOTO Jiype3y Ta Jerigpatamii. Jdedimur
pianan ipu JIKA mMoxe ctaHOBUTH 3—6 11, @ IPU T1IIEPOCMOJIIPHOMY TiIEPriikeMIYHOMY CTaH1
— 8-10 n (Kitabchi et al., 2009). Jdocnimkenns narodisionorii mpoteinypii B AuHaMiIi
PO3BHUTKY aJIOKCaH-IHIYKOBAHOTO EKCIEPUMEHTAIBHOTO I[yKPOBOTO iabeTy MOKa3aju, IIOo
MOpYIIeHHA KITyO0ouKoBOi (inbTparii Ta TyOyssipHOi peabcopOrii 6isika € B3a€MOIOB'sI3aHUMU
mporiecamu, o Bi0OpaxaroTh 3arajibHe MOPYIIeHHS (QYHKIIOHATFHOTO CTaHy HePpoHY TIpH
niabeti (Olenovych, 2019; Onenosuu, 2020¢C).

6.3. HupkoBuii mopir mpy BariTHOCTI
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Baritnicts € ¢izionoriyaum ctanom, npu sikomy HIII 3HMKY€ThCS BHACTIAOK rinepdiabTpartii.
[OHK® mix gac BaritHOcTi 301LIbIIyeThest Ha 40-60% (mo 150-180 mur/xB) BHACHIIOK
MiABUILEHHS CEPLIEBOT0 BUKHUAY Ta HUPKOBOTO KpoBOTOKY. IIpu BimHocHO He3minHid Tm_G
36inpmenns [IIK® npuzsoauts 10 3umkeHHs epexrusHoro HIIT (Davison & Hytten, 1974):
Crnopir=TmGIIK®garitHicTs=375 mr/xB175 mn/xB=2,14 mr/mn=11,9 MMoIb/1 (TeOpeTHIHA
1)Cnopir=ILIK®Baritaicth TMG=175 mii/xB375 Mr/xB

=2,14 mr/mMn=11,9 MMoIB/11 (TEOPETUYHHMIA)

Onnak 3 ypaxyBanusam GerHomeny «splay» peansamii HITI mig gac BariTHOCTI 3HUXKYETHCS 10
6—8 MMOJIB/J1, 1110 TTOSICHIOE (Hi310JIOTIYHY TIIFOKO3YPil0 BariTHUX — CTaH, IO CIIOCTEPIraeThbes
y 10—15% BaritHux xiHok 6e3 rimepriikemii (Davison & Hytten, 1974). 3 Touku 30py HOBOI
KoHIenTyainpHoi Momeni mnpod. ['oxkenka A.l., 3umxkenns HIII mig gac BariTHOCTI €
aJIaITUBHUM MEXaHI3MOM: I oTpedye cTabiIbHOrO MOCTaYaHHS TIIOKO3H, TOMY OpPTaHi3M
MaTepi «HaJAIITOBY€E» HHUPKOBUI MOPIT Ha HWKYUM piBeHb, 100 3amoOirTé HaaAMIpHINA
rinepriikemii Ta MOB'sI3aHii 3 HEO TIMEPOCMOJISIPHOCTI, SIKa MOTJIa O HEraTHBHO BILIMBATH Ha
PO3BHUTOK IUIOJA.

6.4. HupkoBuii opir mpu XpoHi4Hiii XBOpoO1 HUPOK

[Tpu XXH B3aemoBignocuan Mik LIIK®, Tm_G ta HIII" cyrTeBo 3miHIOIOTECA. Ha panHix
cragisx XXH (IIK® 60—89 mu/xs/1,73 m?) 3umxenns [IIK®D moke 4acTKOBO KOMITEHCYBATHCS
30epexeHoro abo HaBiTh miaBHIIeHO TM_G y dyHKIioHy0ounX Heponax (rimeprpodis Ta
rinepdyHkiis 3aaumkoBux HedporiB). Ha mizHix cramisx XXH (IHK® <30 mu/xs/1,73 m?)
3HIKCHHS 3arajbHOI KUIBKOCTI ()YHKIIIOHYIOUMX HE(PPOHIB MPU3BOAMUTH 10 MPOMOPLIHHOTO
samwkeHHs sk [IIK®, tak 1 Tm_G, ane HII[' migBUIIy€eThCs, OCKIIBKU BIIHOCHE 3HIKEHHS
IK® Bunepemkae 3umwkerass Tm_G (Tuttle et al., 2014). ITpu XXH 364 cranii (ILIK® 15—
44 wmn/x8/1,73 ™?) edextuBHicth 1H3KT-2 5K IyKpO3HMXKYBalbHUX 3ac00IB CYTTEBO
3HWKYyeTbes depe3 3MmeHueHHs OHI. Ilpore kapaio- Ta HeQpONMpPOTEKTHBHI €PEKTH LHX
npemnapariB 30epiratoTbcs mpu 6111 HU3bKUX 3HaueHHX LK (ax no 20 mi/xB/1,73 m?), 1o
CBITYUTH PO HASIBHICTh MEXaHI3MIB Jii, He3aJae:KHUX Bif rioko3ypii (Perkovic et al., 2019;
Wanner etal., 2016). [lociipkeHHS peHiH-aHTIOTeH3WHOBOT CHCTEMH B PETYIISLiT eKCKPETOPHOT
(GyHKIIT HUPOK 32 €KCIIEPUMEHTAIBHOIO IIYKpOBOTo AiabeTy rnokasanu, 1o aktupauis PAAC e
OJHUM 13 KJIOYOBUX MEXaHI3MIB MpOrpecyBaHHs HHUPKOBOi AuchyHKUii mnpu naiaberi
(OnenoBuu, 2020).

7. TJTIOKO3YPIS TA BOJHUN OBMIH: ITATO®I3I0JOT TYHI MEXAHI3MH

7.1. OcMOTHYHUH Jllype3: MeXaHi3MU Ta KiJIbKICHI XapaKTePUCTUKU

OcMOTHYHHI Jlype3 BHUHHKAE TOJi, KOJU B MPOCBITI KaHAIBI[IB HAKOMUYYETHCS JTOCTATHS
KUTBKICTh HepeabcopOOBaHUX OCMOJITIB, IO TMEPelKoKaloTh peadbcopOiii Boau. Ilpu
TJIFOKO3Ypii HepeabcopOoBaHa IITFOKO3a € OCHOBHUM OCMOJIITOM, III0 CIIPUYUHSE OCMOTHYHHI
aiype3. MexaHi3M OCMOTHYHOTO Jiype3y NpHu TIJIOKO3ypii BKJIIOYAE KiTbKA IOCIITOBHUX
etamiB. Ha nepmomy erari Bi/10yBa€eThCs HAKOMUYEHHS [IIOKO3U B IIPOCBITI TPOKCUMAILHOTO
kaHanplig: npu nepesuineHHi HIIIT HepeaGcopOoBaHa IiIioKO3a 3alIMIIAETHCS B TMPOCBITI
KaHaJbIIA, MMiJIBUILYIOYA OCMOJISIPHICTh KaHaNbIIeBOi piinHu. Ha apyromy erami 3HUXKYETHCS
peabcopOriss BOAM B MPOKCHMAJIbHOMY KaHalblli: B HOpMi peaOcopOuis BOAM €
1300CMOTHYHOO, aje TMpH MIABUIICHHI OCMOJISIPHOCTI KAaHAJIBIEBOI PIAMHU BHACIHIIOK
HaKONMHWYEHHS TIJIIOKO3M OCMOTHYHHM TIpagieHT MDK KaHaJIbIEBOIO pIAMHOIO  Ta
NMepUTyOYIIIPHUMH KalsipaMH 3MEHIIYEThCS, 10 3HIKYe peadcopOuiro Boau (Koeppen &
Stanton, 2013). Ha tpetsomy eTami 301IbIIye€ThCS 00'€M PiTUHU, M0 HATXOAUTH 10 METIi
['enue, mo «pO3BOAUTHY KOHIEHTPAIIHHUHN TPai€EHT Y MO3KOBIM PEUOBUHI HUPKU Ta 3HIKYE
epeKTHBHICTh KOHLIEHTpYBaHHs ceuyi. Ha ueTBeproMy Ta m'asToMy eramax HOPYUIYETbCS
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KOHIICHTPALIHHUA Tpaji€eHT y MO3KOBIH pEYOBHHI HHUPKHA Ta 30UIBIIYETHCS Iiype3 —
pe3yIBTATOM € 3HAUHE 30UIbIIEHHS 00'eMy KIHIIEBOI Ceul 3 BIITHOCHO HU3bKOK OCMOJISIPHICTIO,
He3Bakaroun Ha migBuineHud pisenbr AJIIT (Sands & Layton, 2021). [ocmimkeHHs
OCMOTHYHOTO KOHLIEHTPYBaHHS Ce€4i B JWHAMILI PO3BUTKY aJOKCaH-iHJIyKOBAHOTO
EKCIIEPUMEHTAIBHOTO Jia0eTy MiATBEpAMIN MPOTPECUBHE IMOTIPIIECHHS 3JaTHOCTI HUPOK 0
KOHILIEHTPYBAHHS CE€Yi, IO € MPSMHUM BiOOpaKEHHSIM ONHMCAHUX MEXaHi3MiB OCMOTHYHOTO
niypesy (Olenovych & Zukow, 2022).

KoskeH rpaM rimoko3H, 1o BUBOUTHCA 3 CEUCI0, «TATHE» 3a c00010 mpubmm3Ho 15-20 Mt Boau
(Koeppen & Stanton, 2013). Takum 4uHOM:

(rrJ/]zlle;;;ypm fﬁfﬁ/i'%?f"" PSS Kainiuna curyanis

5-10 75-200 MiHiManbpHa rinepririkeMis
20-30 300-600 E%MipHa HEKOMIIEHCALIis
50-70 750-1400 3Hauna HekommneHcatis L1/]
60-100 900-2000 Tepamist iH3KT-2

>100 >2000 Tspxka nexommnencaris L/]

[Ipu rinepocMonsspHomy rinepriikemiunomy cradi (I'TC) rimoko3ypis Moke MepeBHUIyBaTH
200-300 r/no06y, 1110 npu3BOIUTH 10 Aiype3y 4—6 1/n00y ta nedinury pinuau 8—10 1 (Kitabchi
et al., 2009; Stoner, 2005). Ocmonspuuii kiiperc (Cosm) MpH TIIOKO3Ypii OMUCYETHCS
bopmyo10:

Cosm=UosmxV 'PosmCosm=PosmUosmxV"

ne UosmUosm — ocmosipaicTs cedi (MOcm/kr), V'V' — 06'em ceui (Mir/xB), PosmPosm —
ocMostsipHicTh Tiasmu (MOcwm/kr). Binbauii Boguuit kmipenc (CH20) — mokasHuk, 10
B1J100pakae 3aTHICTh HUPOK BUBOJNUTHU a00 3aTpUMYBaTH «BUIbHY» BOAY:
CH20=V'—Cosm=V x(1-UosmPosm)CH20=V '—Cosm=V"x(1-PosmUosm)

[Ipu ocMoTHyHOMY Jiypesi, cipuuuHEHOMY Titoko3ypiero, CH20 3a3Bu4aii € MO3UTHBHUM
(HUpPKH BHMBOJATH TIMOTOHIYHY cedy), IO MPHU3BOAUTH JO BIAHOCHOI TimepHaTpiemii Ta
rinepocmossipaocTi miasmu (Rose & Post, 2001). HociiakeHHsT 0cOOIMBOCTEN KaHAIBLIEBOTO
TPAHCIIOPTY OCMOTHYHO aKTUBHUX PEUOBHH Ta MPOILIECIB OCMOPETYJIALi B AMHAMILI PO3BUTKY
AJIOKCaH-1HAYKOBAHOTO €KCIIEPUMEHTAILHOTO IIYKPOBOT'O /11a0eTy MIATBEPIMINA IPOrPECUBHE
MOPYILIEHHS OCMOJISIPHOTO KIIIPEHCY Ta BUIBHOTO BOJHOTO KIIPEHCY 31 30UIbIICHHAM
TpuBanocTi aiadety (OnenoBud Ta iH., 2025).

7.2. EnexTponiTHI MOPYIIEHHS MPH TIIOKO3Ypii

OcMmoTHYHUI Nlype3 MpH TIIOKO3Ypil MPU3BOIUTH 10 HATpiype3y, MpOTe BTPaTH HATPIIO €
BITHOCHO MEHIIMMHU MOpPIBHAHO 3 BTpaTaMu BoaM. KOHIEHTpalis HaTpil0 B ceyl npu
OCMOTHYHOMY Aiype3i 3a3Buuail ctaHoBuTh 40-80 mmonw/n. lle o3Havae, mo ceya €
TIMOTOHIYHOIO BiJHOCHO TJIA3MH, 1 BTPATH PIIUHH € TIEPEBAKHO «BUIbHOBOAHUMMY (Palmer &
Clegg, 2015). ITpu HekOMIEHCOBaHI# TIFOKO3ypii PO3BUBAETHCS TIMEPTOHIUHA JIETipaTaIlis
(BTpata mepeBaXHO BOJM 3 BITHOCHUM 30€peXEHHSAM HATpilo), IO MPOSBISAETHCA
TINEePOCMOJISIPHICTIO TUIa3MHU, TIMEPHATPIEMIEIO Ta KIITHHHOIO JeriapaTaliiero. BaxiauBo
BpaxoByBaTH ()EHOMEH «IICEBIOTIMOHATPIEMI» MNpH Timepriikemii: KoxHi 5,5 MMOIb/I
TIIBUINICHHS TJIIKEeMii TIOHAJl HOPMY 3HIDKYIOTh BHUMIPSHY KOHIICHTPAIII0 HATPilO B IJIa3Mi
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npubau3Ho Ha 1,6 MMOJNB/I BHACHIOK OCMOTHYHOTO TEPEMINICHHS BOAM 3 KIITUH Y
nozaxmituaamii mpoctip (Hillier et al., 1999). I'moko3ypist Ta MOB'I3aHMIA 3 HEFO OCMOTHYHHIA
Jiype3 IpU3BOJIATH 10 KaJliype3y uepe3 30UTbIICHHS JOCTaBKH HATPIIO 0 AUCTAIBHHUX BB
He(poHY, BTOPUHHUH TinepaabIocTepoHi3M BHacHi ok 3HkeHHs OLK Ta migBuienunii moTik
pinuau yepe3 mucranbhuii Hedpon (Palmer & Clegg, 2015). He3Baxkaroun Ha 3HauHI BTpaTH
kamio 3 cedero, npu JKA pierr K* y mmasmi moxke Oyt HOpMajdbHUM abO HaBiTh
MIBUIIICHUM BHACTIIOK Buxony K* 3 kimiTuH mpu anmao3i Ta aedinuTi iHCYIiHY (3arabHAN
nedimur K* mpu JIKA cranoButs 3—-5 mmouw/kr macu Tima) (Kitabchi et al., 2009).
OcMOTHYHHE Jiype3 TaKoXK 3HIKye peadcopOriro ¢docdaTiB Ta MarHilo y MPOKCUMaTbHUX
KaHAJIBIIAX, [0 MOXE MPU3BOAUTH 110 rinodocdaremii Ta rinomarniemii (Biber et al., 2013;
Quamme, 1997). locaimkeHHs: 0COOIUBOCTEH 10HOPETYIIOBAILHOT (DYHKIIIT HUPOK IIyPIB Y
JMHAMIII PO3BUTKY EKCIEPUMEHTAIBHOTO IYKPOBOTO JMdia0eTy TIOKa3adu MpOTrpecUBHE
MOPYILIEHHS TPAHCIOPTY OCHOBHHMX 10HIB, IO KOPEIIOE 3 TPHUBAIICTIO Timepriikemii Ta
CTYIICHEM MOINIKO/KCHHS NpokcuManbHux kaHaibiliB (Olenovych et al., 2023; OneHoBuy,
2020a). HdocmimkeHHsT TpaHCTYOyJISIPHOTO TPAHCIOPTY Kaubiiro Ta ¢ocdariB B AUHAMIIII
PO3BHUTKY aJIOKCAaH-IHIYKOBAHOTO EKCHEPUMEHTAIBHOTO I[yKPOBOTO MiabeTy MOKa3aju, IO
MopyIIeHHsT peadcopOIii X 10HIB € OJHHMM 13 paHHIX MPOsBIB Ala0eTHYHOI TyOysonartii
(Olenovych et al., 2024a).

7.3. Jlerigpararis Ta i CACTEMHI HACTIAKA

Jlerinparanis Ki1acu(iky€eThCs 3a CTYIIEHEM TSKKOCTI 3aJIEKHO BiJl BIZICOTKA BTPATH MACH TiJa:
nerka (1-2%) — crpara, He3HAYHE 3HIKEHHS Iiype3y; nomipHa (3—5%) — BupakeHa crpara,
CYXiCTh CIM30BHX, Taxikap/is, 3HWKEHHS Typropy mKipu; Tspkka (6-9%) — BupaxeHa
Taxikapis, TIOTEeH31s, OMIrypisi, MOpyIIEeHHs CB1IOMOCTI; kKpuTuuHa (>10%) — ok, aHypis,
koma (Cheuvront & Kenefick, 2014). Ilpu XpoHiuHil TIIOKO3ypii (HANpUKIaL, TpH
HekomrieHcoBaHoMy L1/12) nerinpararisi po3BUBAETHCS MOCTYIIOBO 1 MOXKe gocsrati 3—5% 6e3
BUPQ)XXEHUX KJIIHIYHMX CUMITOMIB, OCKIJIbKA OpraHi3M YacTKOBO KOMIIEHCY€ BTpaTH PIIAUHU
yepe3 MEeXaHi3M cIIpar Ta 3HWKeHHs Jiypesy. [Ipu aerinpararii, cipyurMHEH1i TII0KO3YpIElo,
aKTUBYIOTHCS TaKl KOMIIEHCATOPHI MEXaHI3MH: MEXaH13M cIiparu (TinepocMOISIPHICTh M1a3MU
CTUMYJIIO€ OCMOPELENTOPH TilnoTajamyca — BIAUYTTS CIpard — 30UIbIIEHHS CHOXHBaHHS
piauan); axktuBauiss PAAC (3umwxkenHs OLIK — axTtuBanis GapopenenTopiB HUPOK —
MiJBUILEHHS CEKpelii peHiHy — yTBOpeHHs aHrioreHsuHy |l — crumymsmis cekperiii
aJIbJIOCTEPOHY — 3aTpUMKa HaTp1O Ta BOJM); MiABUIIEHHS cekpelii AJI" (TimepocMopHICTh
mia3mu T1a 3HmkeHHS OLK e nBoma Hesanmexuumu crtumynamu ans cekperii AJID);
cumnarnyHa aktuBamis (3HkeHHs OILIK akTHBye cHMIaTHYHy HEPBOBY CHCTEMY —
Taxikap/is, BAa30KOHCTPUKIIis, MiJBUINEHHs cepiieBoro Bukuay) (Bankir et al., 2017; Schrier,
2010). JocmimkeHHsS pEeHIH-aHTIOTEH3MHOBOI CHCTEMHU B PEryJsiii eKCKpeTOpHOi (yHKIIi
HUPOK 32 EKCHEPUMEHTAIBHOTO LYKPOBOTo JiabeTy miaTBepauin KirouoBy ponb PAAC y
KOMITeH Al Jeriaparaiii mpu aiadeTi Ta mokazanu, mo ¢dapmakosoriyaa omokama PAAC
CYTTEBO 3MIHIOE XapaKTep eJEKTPOIiTHUX mopyieHsb (OneHoBud, 2020; OneHosud, 2020a).
INinepocmomnsipuuii rinepriuikemiuauii crad (I'TC) € HAUTSHXKYMM TPOSBOM MOPYIIEHb BOAHOTO
oOMiHy npu 1ykpoBomy niaberi. JiarHoctuuni kputepii [TC Bkmo4aroTs: riikemio >33,3
MMOJIB/T (600 mr/mit), ocmomsipHicTh iazmMu >320 MOCM/KT, BiACYTHICTh 200 MiHIMaIbHUI
keroanuao3 (pH >7,30, 6ikapOoHat >15 MMOJIIB/1T) Ta TOPYIIEHHS CB1IOMOCTI PI3HOTO CTYTICHS.
[Tarodizionoris ['T'C Bkmodae mopoyHe KOJO: TIMEPrIIKeMiss — OCMOTHYHHMA diype3 —
Jerigparailis — MiABUIICHHS OCMOJSPHOCTI TIa3MH —> TOJAJbIIe MIABUIICHHS TIIKeMil
("depes 3HMKEHHS HUPKOBOTO KJipeHCy Titoko3u rpu 3meHteHH1 OLK ta [IIIK®) — me Ginbina
nerigpatauig. JleransHicts npu I'T'C cranoButh 5-20%, mo 3HayHo BHIE, HiX mpu KA
(Kitabchi et al., 2009).
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8. B3AEMO/JIS1 HUPKOBOI'O IMOPOTI'Y I'VIIOKO3U 3 IHIUMU CUCTEMAMUA
PET'YJISIIII BOJHOT'O OBMIHY

8.1. Cucrema AJI['-akBaropuHu Ta riItOKO3ypis

AT nie Ha KIITHHU 30UpaTbHUX TPYOOUOK uepe3 V2-penenTopH, 1mo crnoixydeHi 3 GS-6iikom.
3B's3yBanns  AJIIT 3 VZ2-penentopoM akTUBYE aiCHUIATHMKIA3Y —  MIABUIICHHS
BHYTPIIIHBOKIITUHHOTO TAM® — aktuBanis nporeinkinazu A (PKA) — dochopumroBanss
AQP2 3a 3amumkom Ser256 — mnepemimenHs AQP2-BMICHMX Be3WKyJ Ha amiKajlbHY
MeMOpaHy — MiJIBHIICHHS BOJHOT IIPOHUKHOCTI — peabcopOuist Boau (Knepper et al., 2015).
TpuBana ctumynsuis AJIIT takox mnigBuilye Tpanckpumniito reHa AQP2, 30imbiryroun
3arajbpHy KimbkicTh AQP2 y kimitmHax 30mpansHux TpyOouok (Nielsen et al., 2002). ITpu
IIFOKO3Ypii BUHUKAE (DYHKITIOHAJIbHA KOHKYPEHIISI MK OCMOTHYHUM €(EKTOM TJIIOKO3U Ta
antugiypernyauM epexkrom AJII. Haite mpu wmakcumanbHii koHuentpamii AJII Ta
MaKCUMaJIbHI BOJHIA MPOHMKHOCTI 30HMpaJIbHUX TPYOOYOK HUPKU HE MOXKYTh ITOBHICTIO
peabcopOyBaTu BOJY, SIKIIO OCMOTHYHE HABAaHTAXCHHS IEpEBHINye NeBHHWH mopir. Lle
MOSICHIOE, YOMY TIOJIiypisi IpH HEKoMIleHcoBaHoMY L1J1 30epiraeTbcst HaBITH MPU BUPAKCHIM
rimepoCcMOJISIPHOCTI TUIa3MH Ta MakcuMmaibHiM cekpemii AJII. Ilpu mykpoBomy niaberi
CIIOCTEpIraloThCs 3MIHM B eKcmpecii Ta (yHKIII akBamOpPWUHIB HHUPOK: JOCHIKEHHS Ha
TBapUMHHUX MOJIENAX Jiabery mokasanu 3HmkeHHsa excnpecii AQP2 ta AQP3 y 30upanpHHX
TpyOOUKax, M0 MOKE YaCTKOBO MOSICHIOBATH IMOPYIIEHHS KOHILEHTpAliiHOT (PpyHKII] HUPOK
npu miabeti (Nielsen et al., 2002). JocmipKkeHHs OCMOpPETyJIrOBalIbHOT (GYyHKII HHUPOK B
JUHAMII PO3BUTKY aJIOKCAH-IHAYKOBAHOTO EKCIIEPUMEHTAIbHOTO JiadeTy MiATBEepANIN
MPOTPECHBHE MOPYIIEHHS 3MaTHOCTI HUPOK 1O KOHIEHTPYBaHHS cedi, IO BigoOpaxae
MOpYILIeHHA B3aeMOAIl MK cucreMoro AJI-akBamopyHM Ta OCMOTUYHHUM JIiype3oM
(Olenovych & Zukow, 2022; OnenoBuu Ta iH., 2025).

8.2. PeHiH-aHT10TEH3MH-AJIbJOCTEPOHOBA CHCTEMA Ta TIIOKO3YPis

['moko3ypisi Ta moB'sizaHa 3 HEw jerigpartaris akTuByloTh PAAC dyepe3 1Ba OCHOBHI
MexaHi3mu: Oapopenentopuuid (3HWkeHHa OLIK — 3HIKEHHA THCKY B adepeHTHHX
aprepiojlax — akKTHBallisl OapopelenTopiB IOKCTArJIOMEPYJIIPHOrO anapary — IiJIBUILIEHHS
cekpelttii peHiny) Ta TyOyaoraoMepy sipauii (30iabmenns goctasku NaCl mo macula densa —
aKkTUBaLlisg TyOyJIOTJIOMEPYJISIPHOTO 3BOPOTHOTO 3B'A3KYy —> IMIJBUILICHHS CEKpelii peHiHy)
(Vallon & Thomson, 2020). Penin — anriotensud | — anriorensun Il (uepes AIID) —
anpocTepoH — 3arpuMmka Na' ta BuBegenHs K' y 30upaibHHX TpyOOuKax — YacTKOBa
KOMIIEHCAI[isl BTpaT piauHU. JlOCHIPKeHHS pEeHIH-aHTIOTEH3MHOBOI CHCTEMHU B PperyJssmii
eKCKpeTOpHOi (YHKIII HHPOK 3a E€KCIIEPUMEHTAIBHOIO IIYKPOBOTO AialeTy IMOKa3ai, II0
aktuBailiss PAAC € oqHuM 13 KIIFOYOBHX MEXaHI3MiB KOMIIEHCAIIT Aeriaparaii mpu aiaderi, a
¢dapmakosnoriyaa 6sokana PAAC cyTTeBO 3MIHIOE XapakTep €JIeKTPOJITHUX MOPYLIeHb Ta
ocmoperymoBasibHOT GyHKIIT HUpOK (Onenoud, 2020; OnenoBuu, 2020a). Ilpu Tepamii
iH3KT-2 cnoctepiraetbes momipHa aktuBaimisi PAAC Baachimok 3uHmxkenHs OLK Ta
Hatpiypesy. IIpore, Ha BimMiHy BiA kiacuuHux paiyperukiB, 1H3KT-2 He BUKIHKaIOThH
BUPAXXCHUX EJIEKTPOJIITHUX MOPYIIEHb, OCKUILKH HATPlype3 MpH iX 3aCTOCYBaHHI € TOMIPHUM
i camooOomexyrounm (Heerspink et al., 2016).

8.3. TyOynornomepysipHuii 3BoOpoTHHIA 3B'130K Ta HIIT®

TyOynornomepynsapuuii 3B8opoTHUM 3B'5130K (TI'3) € KIIFOYOBMM MEXaHi3MOM aBTOPETYJISIii
IIK® Ta HupkoBoro kpoBoToky. [Ipm 30inpmenHi gocraBkm NaCl mo macula densa
aktuByeTbcst TI'3 — adepentHa BazokoHCTpuKiisi — 3HWKeHHsA [IIK® Tta HHpkoBOro
kpoBotoky (Vallon & Thomson, 2020). ITpu 11/I2 nigsuineHa peadcopoOiist riroko3u Ta NaCl
yepe3 SGLT2 y npokcumanbHOMY KaHajbii 3HmKye mocraBky NaCl mo macula densa —
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npurHivenust TI'3 —  adepentna Bazomwnaramis —  migsumenas KD  rta
BHYTPIITHBOKITYOOYKOBOTO THCKYy — TrinepduibTpalis — MporpecyBaHHs aiabeTHUUHOT
nedpomnarii (Vallon & Thomson, 2020). [ariditopu SGLT2, 6i10kyroun peabcopOILito TITFOKO3H
ta NaCl y mpokcumanbHOMy KaHaunblli, 30ibmiyiots goctaBky NaCl mo macula densa —
aktuBamiss  TI'3 —  adepentHa  Ba3okoHCTpukuis —  3HmWkeHHs LIK® Ta
BHYTPIIIHLOKITyOOYKOBOr0 THCKY — HedponporekruBHuii epekt (Upadhyay, 2024; Heerspink
et al., 2016). JocaikeHHsT KIyOOYKOBO-KaHAIBIEBOTO OAJTaHCY MPU EKCIEPUMEHTAIbHOMY
HeppPUTI y MOJIOAMX 1 CTapHX HIypiB MOKA3ajH, IO MOPYIICHHS LbOTO OalaHCy € OJHUM i3
KJIFOYOBHMX MEXaHI3MiB MporpecyBaHHs HUpKoBoi nuchyHkii (Jlomrok ta iH., 2012), mo mae
Oe3mocepeiHe 3HAUCHHS [T pO3yMiHHA naTodizionorii giadberrnunoi Hedpomarii.

9. IHI'IBITOPU SGLT2: ®APMAKOJIOTTYHE 3HWXEHHSI HHUPKOBOI'O
IOPOI'Y TA HOI'O HACJIIIKH JJIsI BOOZHOI'O OBMIHY

9.1. Mexani3M fii Ta (hapMakoJIOTIuHI XapaKTEPUCTHKH

[ari6itopu SGLT2 (rmiduio3unn) € KiacoM NepopaibHUX IYKPO3HMKYBAIBHUX TIpEMaparis,
110 JIiIOTh NUISIXOM KOHKYPEHTHOTO Ta 000poTHOro OjokyBaHHsa SGLT2 y mpokcuMmallbHHX
KaHanbLsAX HUPOK. Lle mpusBoauts 10 mry4ynoro 3umxenns HIII no piBas ~4—5 MMoub/a Ta
301IBIICHHS €KCKpeLii rmoko3n 3 ceyero 10 60—100 r/mooy (Mudaliar et al., 2015). Hapasi B
KITIHIYHIN TPAKTHII 3aCTOCOBYIOTHCSI YOTHPH OCHOBHUX MPEJCTaBHUKHU KIIACy:

Mpenapar CeJIeKTHBHICTH Jo6oBa CxBaJjieHHsI
SGLT2/SGLT1 ao3a FDA
Hamarmigmnosua  ~1200:1 5—10 mr 2012
Kanarmignosun ~ ~250:1 100-300 mr 2013
Emmarmigpnosun ~ ~2700:1 10-25 mr 2014
Eptyraidno3un ~2000:1 o—15 mr 2017

iH3KT-2 s3umwxkytotb Tm G Tta HIII' po3o3anexHUM YMHOM: MNpPU MaKCUMaJIbHHUX
TepaneBTHUHUX 103ax Tm_ G 3HmxyeTbes npubdansno Ha 30-50% Bix Buxianoro pisHs, HIIT
3amkyeTbes 3 10—-13 mmonp/n (mpu LJ12) no ~4—5 MMoOIB/, a €KCKpellisl TII0KO3U 3 CeYEr0
36ubmryethes 10 60—-100 /100y (DeFronzo et al., 2013; Ferrannini et al., 2014). Baxxnuso, 110
epextuBHicTh 1H3KT-2 3anekuTh BiAg piBHSA TIUIIKeMii: NP HOPMOTJIKEMIl TIIIOKO3Ypis
MiHiManbHa, OCKUIbKM DHI' € HU3bKUM, 110 MOSCHIOE HU3bKUM PHU3MK TIMOTJIiKeMii MpU
monoteparii iH3KT-2 (Zinman et al., 2015).

9.2. Brums iH3KT-2 na Boanuii ooOMid

I'moko3ypis, mo ingykyerbes 1H3KT-2, cympoBo/kyeTbcs OCMOTHYHUM Jiype3oM. [lpu
exckperii 70—80 r raroko3W Ha 00y JONATKOBUH Jiype3 CcTaHOBUTH mpuomusno 1,0-1,6
1/100y. JlochiykeHHs 3 BUKOPUCTaHHSAM METOJY PO3BEJICHHs 130TOIMIB NOKa3aly, 1110 Teparis
1H3KT-2 npuzBoauts 1o 3umwkenns OLIK nmpubnuzno na 7-10% Bix BuxigHoro pisas (Marton
et al., 2024). ITopsx 3 raroko3ypiero, iH3KT-2 cnpuunHsAOTE HaTpiype3 uepe3 npsmMuid ehexT
(6nokama SGLT2 3umkye koTpancopT Na" pa3oM 3 IIIFOK03010) Ta OMOCEPEIKOBaHUN ePeKT
yepes TI'3. Harpiypes mpu tepamii iH3KT-2 € camooOmexyrouum: aktuBaiiis PAAC Tta
MiABHUILEHHS PIBHS allbJOCTEPOHY KOMITEHCYIOTh NMOYATKOBI BTpPAaTH HATPil0 MpOTSrom 1-2
tiokHiB (Heerspink et al., 2016). 3umxenns cuctoiunoro AT npu tepanii iH3KT-2 ctanoBuThH
y cepeaHboMy 3—5 MM pT. cT. (cucTomiunuii) Ta 1-2 MM pr. cT. (miacromunwuii) (Tikkanen et
al., 2015). Tepamis iH3KT-2 3H1Ky€e OCMONSPHICTB M1a3Mu puOIU3HO Ha 3—7 MOCM/KT uepe3
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3HW)KEHHsI TJikemii Ta momipuuit Hatpiypes (Ferrannini et al., 2014). 3 Touku 30py HOBOI
KOHIleNnTyanbHOoi Mozeni npod. I'oxenka A.l, 1e 3HMKEHHS OCMOJSIPHOCTI € OJHUM 13
KITIOYOBUX MEXaHI3MiB, 1[I0 MOKPAIIy€ KIITUHHY TipaTaliio Ta MOSICHIOE MJICHOTPOIIHI €PeKTH
iH3KT-2.

9.3. KapnionporektuBHi Ta HepponporekTuBHi epexrn iH3KT-2

Tpu Benmukux paHIOMI30BaHUX KIIHIYHUX JOCHIDKEHHS IPOAEMOHCTPYBAIM 3HAYHUN
kapaionporektuBuuii epext iH3KT-2. locnimkenns EMPA-REG OUTCOME (Zinman et al.,
2015) mokaszano, mo eMnarii¢io3uH 3HU3UB PU3HK CEPIIEBO-CYAMHHOT cMepTi Ha 38%, pu3uk
rocmiTaiizaniii 3 HmpuUBOAY CeplLeBOi HeAOCTaTHOCTI Ha 35% Ta pU3MK NPOrpecyBaHHs
nedpomnarii Ha 39%. Jlocmimkenus CANVAS (Neal et al., 2017) nokasaiio, 1o kaHarmigao3uH
3HU3UB PU3UK CEPLIEBO-CYIMHHUX MOAIN Ha 14% Ta pusuk nporpecyBanHs Hedpomarii Ha 40%.
JHocnimxennss DECLARE-TIMI 58 (Wiviott et al., 2019) nokasaio, o namnariigio3uH 3HU3KUB
PHU3HK TOCIITaIi3aIii 3 MpUBOaYy ceprieBoi HepocTtaTHOCTI Ha 27%. JJocmimkenns DAPA-HF
(McMurray et al., 2019) nokaszaito, 1110 Janarai(Io3uH 3HU3UB PU3HK MOTIPIICHHS CEPIIEBOT
HEJIOCTAaTHOCTI 00 CEPIIeBO-CYMHHOT cMepTi Ha 26% y MaIli€HTIB 3 CEPIIEBOIO HEAOCTATHICTIO
31 3HMKEHOIO (ppakiiero Bukuy sk 3 L1, Tak i 6e3 Hporo. Jocnimkenns EMPEROR-Reduced
(Packer et al., 2020) mokazao, mo emnarai(h)I03uH 3HU3UB PU3UK CEPLIEBO-CYAMHHOI CMEPTI
abo rocmiTarizaiii 3 MpUBOIy cepreBoi HepocTaTHOCTI Ha 25%. [llogo HEPpONPOTEKTUBHUX
edexris, mocaimkenas CREDENCE (Perkovic et al., 2019) mokasano, mo kaHarmidao3uH
3HU3MB PHU3UK HHUPKOBOI HEIOCTATHOCTI, IMOJBOEHHS DIBHS KpeaTWHiIHYy abo CMepTi BiX
HUPKOBHX YU ceplieBO-cyauHHux npuunH Ha 30%. Hocnimkenns DAPA-CKD (Heerspink et
al., 2020) nokasaio, 1o aanariaiIo3uH 3HU3UB PU3HUK CTiiikoro 3HmkeHHs [TIK® na >50%,
TEepMIHAIBbHOT HUPKOBOI HEJOCTAaTHOCTI ab0 CMEpTi BiJl HUPKOBUX YU CEPLEBO-CYTUHHHUX
npuunH Ha 39%. Jocnimkenus EMPA-KIDNEY (The EMPA-KIDNEY Collaborative Group,
2023) noxkazano, 1o eMnariiduio3uH 3HHM3MB puU3MK mporpecyBaHHs XXH abo cepueso-
cynuHHOI cMepTi Ha 28%.

KapnionporektuBni edexktn 1H3KT-2 € OararodakTtopHMMM 1 BKJIIOYAIOTH MEXaHI3MH,
Oe3nocepelHbO MOB'I3aHI 31 3MIHAMU BOJHOTO OOMIHY: 3HM)KEHHS I€pEeIHABAHTAXCHHS
(3menmenHs OLIK Ta BEHO3HOTO MOBEPHEHHs 3HMXKYE KiHILIEBO-II1aCTONIYHHUI 00'eM JiBOTO
IUTyHOYKAa Ta THCK 3allOBHEHHS CEpIs); 3HIKCHHS IOCTHaBaHTaXeHHs (3HWkKeHHS AT
BHACIIIJIOK HaTpiype3y Ta 3HmkeHHs: OLIK 3MeHIrye nocTHaBaHTa)XeHHS Ha JIIBUN IIIITYHOYOK);
MOKpAallleHHs] KJIITHHHOI TiApaTamii KapIlOMIOUWTIB (3HMKEHHS OCMOJIIPHOCTI IUIa3MHU
MOKpaIlye KIITHHHY TiJIpaTalilo KapIiOMIOIMTIB, IO MOXeE MOKpallyBaTH iX (pyHKIIIO Ta
3HIKYBaTH pu3uk aputmiii) (Marton et al., 2024). KinrouoBumu MexaHizMaMu He(hPOITPOTEKIIil
€ 3HIKEHHs BHYTPIIIHBOKIyOOUKOBOro TUCKY 4epe3 TI'3 Ta 3HMKEHHS CHOXHBAHHS KUCHIO
KiiTiHaMu mpokcuManbHoro kanaibis (Vallon & Thomson, 2020; Gronda et al., 2023;
Upadhyay, 2024).

9.4. Puzuku Ta no614Hi eeKTH, MoB's13aH1 3 BOAHUM OOMIHOM

Ocmotnunuit aiypes mpu Ttepamii iH3KT-2 moxe npu3BoauTH [0 KIIHIYHO 3HAYYLIOi
Jerigparatii, 0COOIMBO y JIIOAEH MOXUIOro BIKY (3HMKEHA UyTJIMBICTh MEXaHI3My CHparu),
narieHTiB 3 BUXigHO 3HWKeHUM OLIK, marieHTiB, 110 OTPUMYIOTh METJILOBI J1ypeTUKH a0o
Tia3u/M, a TAKOX B yMOBAX ITiIBUIIIEHOTO MOTOBUIIJICHHS 200 MPU TOCTPUX 3aXBOPIOBAHHSX 3
BTpaToro piguau (Scheen, 2015). OprocTarnyHa TinmoTeH3is € KITHIYHUM ITPOSBOM JeTiIpaTaii
ta 3amkeHHs OLK mpu tepanii iH3KT-2, gactoTa sikoi y KIIIHIYHAX TOCTIPKEHHSIX CTAHOBUTD
1-3%. EBrmikemiunuii miaberuunuii keroanmuaos (e/IKA) e pinkicHuM, ane MOTEHIIHHO
Hebe3neuHuM yckiagHeHHsm tepamnii 1IH3KT-2 3 yactororo npubnusno 0,1-0,2% Ha pik npu
LIJ12 ta 3rauno Bumoro tipu L/11 (10 2—4% Ha pik) (Goldenberg et al., 2016). ['mroko3ypis npu
tepamii 1H3KT-2 Takox CTBOpPIOE CHPHUATIWMBE CEPEJOBHUINEC IS  PO3MHOMKEHHS
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MIKpPOOPraHi3MiB y CEUOBHUBIHUX NUIAXaX Ta TEHITATISAX: YaCTOTA TEHITAIbHUX MIKOTHYHUX
iHdekmiii craHoBUTh 5—10% y kiHok Ta 2—4% y 4onosikis (Scheen, 2015).

10. PEHAJIBHA I'TIOKO3YPIA SIK OKPEMWM KJITHIYHUMA CTAH

Penanpna (HMpKOBA) TIIOKO3Ypisi — II€ CTaH, IPU SIKOMY TJIIOKO3a 3'SIBIAETHCS B ce€4i NpU
HOPMaJIbHIM a00 3HMKEHIM KOHIICHTpAIII]l TJIIOKO3W B KPOBI BHACIIJIOK IMEPBHHHOTO JACHEKTY
TpaHCIIOPTHUX cucTeM Hupok (Santer & Calado, 2010). Knacudikaiiist peHaJIbHOI TIIFOKO3Ypii
Brutrovae T A (3Hmkeni HIIT ta Tm_G — naiinomupenimmuii tun), Tun B (Hopmansauit HIIT
npu 3HmKeHid Tm_G 3 Bupaxenum «Splay» — piakicuuit) Ta Tun O (MOBHA BiACYTHICTBH
peabcopOrii rmoko3n — BKpail piakicHuit). CimeiiHa penanbHa riokosypis (CPIY) —
ayTOCOMHO-PEIIECHBHE 3aXBOPIOBaHHS, cripuurHeHe myTauismu B reHi SLC5A2 (SGLT2),
MOIIMPEHICTh SIKOro CTaHOBUTH Mpubim3no 0,2-0,6% y 3arampHiii momyssiii (Santer et al.,
2003). Onucano nonan 80 pizuux myTtamiii y reni SLC5A2. 'oMo3uroTHI HOCIT MyTaIliif MarTh
3HaYHy TIOKO3ypito (1o 150 r/moly) mpu HOpMabHIM TIIKeMii, T€TEepPO3UIOTHI HOCIT —
nomipHy riroko3ypito (1-10 r/mo0y) (Calado et al., 2008; Santer & Calado, 2010). Kiiniunwuit
niepebir CPI' € 3me6inbiioro 7o00OposSKICHUM: JOBrOTpuBaii croctepekeHHs (10 40 pokiB) He
BUSIBWIH CYTTEBHX HECHIPUSATIMBUAX HACHIJKIB JJISl HUPOK, IiIIUTYHKOBOI 331031 200 cepieBo-
CYIMHHOI CHCTEMH, 110 MiATBEPDKYE JOBrocTpokoBy Oe3meky tepamii iH3KT-2 (Calado et al.,
2006; Santer & Calado, 2010). 3 Touku 30py HOBOI KOHLIENTyalbHOI Mojemi pod. ["oxkeHka
A.lL, xponiuHa rioko3ypis npu CPI' € XpOHIYHUM «CKUJAHHSAM» OCMOTHYHOIO THCKY, ILIO
HiATPUMY€E HOPMaJIbHY OCMOJIIPHICTB TUTa3MH Ta KJIITHHHY T1paTallifo HaBiTh MPH HOPMaIbHIN
rJikeMii, 110 € MEepeKOHIMBUM MiATBepkeHHAM KoHuenuii HIII sk MexaHi3My 3axucTy
KJIITUHHOI TipaTanii.

Cunapom PaHKOHI € FeHEPATI30BaHUM Je(PEKTOM MPOKCUMAIILHOTO KaHANbLIA, 110 TPU3BOAUTH
70 TOpYyLIEHHs peadcopOIii TIIIOKO3HM, aMIHOKUCIOT, ¢ocdariB, OikapOOHATy Ta IHIIMX
peuoBHuH. PeHanbHa ToKo3ypis npu cuHApoMi PaHKOHI € YaCTHHOK OUIBLI IIUPOKOTO
TyOyJsIpHOTO JIe(eKTy, IPUUNHAMU SIKOTO MOKYTh OyTH T'€HETUYHI 3aXBOPIOBaHHS (IIUCTUHO3,
xBopoOa BinbcoHa, ramaktozemis) abo HaOyTi cTaHU (TOKCHUYHE TOIIKO/KEHHS BaKKUMHU
MeTaJlaM{, aHTUPETPOBIPYCHI MpernapaTH, MieJIoOMHa XBOopoba, aminoino3) (Koeppen &
Stanton, 2013). Iudepenmianpaa aiarnoctrka Mk CPI ta cunapoMom MaHKOH1 € BaKIMBOIO
KIiHIYHOIO 3a7a4deto: pu CPI™ rmroko3ypist € 130J1b0BaHOI0, TOAL SIK MpU CUHApOoMI DaHKOHI
BOHA MOEIHY€ETHCS 3 aMiHalUAypieto, pocdarypiero, 6GikapOOHATYpi€rO Ta IHIIUMH HTPOSIBAMU
reHepanizoBaHoi TyOyispHoi nuchyHkuii. ocmimxenns [omoxk Tta 1H. (2012) momo
KITyOOUKOBO-KaHAJIBIIEBOI'O OallaHCy MPU €KCIIEPUMEHTAIBHOMY HEPPUTI Y MOJIOJUX 1 CTapUX
LIypiB MiATBEPAUIIH, IO MOPYLICHHS TyOyJapHOi GYHKIIIT € OJHUM 13 KJIFOUOBUX MEXaH13MIB
MPOrpecyBaHHs. HUPKOBOI JTUCOYHKIII, M0 Mae Oe3mocepepHe 3HAYEHHS JUIsl PO3YMIHHS
naTod1310J10T1i peHaIbHOT IITIOKO3YPii MPHU PI3HUX 3aXBOPIOBAHHIX HUPOK.

11. KJIIHIYHE 3HAYEHHSI TA IPAKTUYHI ACIEKTH

11.1. T'mroxo3ypist IK Mapkep TIIKEMIYHOTO KOHTPOJIIIO

TpaguiiiiHo riar0K03ypisi BUKOPUCTOBYBANACA SIK MPOCTUIH METOJ MOHITOPUHTY TJIKEMIYHOTO
KOHTPOJIIO MPH IyKpoBoMy aiadeTi. [IpoTe 1ieit MeToa Mae CyTTeBI OOMEKEHHS: 1HAUBIIyaIbHa
BapiabenpHicTs HIID (y pizaux moneit HIII' moxke komuBatucs Bix 6 no 14 mmons/m),
niasumennii HIII npu /12 (Moxe MackyBatu rimepriikemito a0 piBHs 11-13 mmons/n),
samkeHHs LIIK® npu HedponaTii (mpru3BOAUTH 10 BIACYTHOCTI IITFOKO3Ypii HABITH MPY 3HAYHIN
rinepriikemii >15 MMoIb/11), po3BeleHHS cedi MpH MOJiypii Ta BIACYTHICTb KOpessmii 3
MOCTIPaHTIAIBHOO TIiKeMieto. [IpoTe B ymMmoBax 0OMEKEHOTO IOCTYITY JO TIFOKOMETPIB Ta
cucTeM Oe3NepepBHOTO MOHITOPHHTY TJIIOKO3M BU3HAUEHHS TIJIIOKO3UM B CEYl 3aIMIIAETHCS
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KOPHUCHUM CKPUHIHTOBUM METOJIOM, OCOOJIMBO B KpaiHax 3 HU3bKHM PIBHEM JI0XOAY. 3 TOYKU
30py HOBOI KOHIIENTyanbHOI Mojem npod. ['oxenka A.l., BincyTHICTh TiroK03ypii npu 11/12
MOJKE CBIIYMTH HE JIMIIE PO HOPMOTIIIKEMIIo, alie i npo natonoriuyne migsumenHs HIIT, oo
€ MapKepoM OUIBIII TSHKKOTO Mepediry 3aXBOPIOBAHHS Ta BUIIIOTO PU3UKY XPOHIYHOT KJIITHHHOT
JeTiaparartii.

11.2. Ominka BoIHOTO OaJlaHCy Ta PEKOMEHAAIIIT 010 KOPEKITii

KommiekcHa oIriHKa BOJHOTO OalaHCy Yy MAIi€eHTIB 3 TIIIOKO3YpPi€l0 BKIIOYA€ KIIHIUHI
napamerpu (Maca Tijia, Typrop IIKipy Ta BOJOTICTh CITU30BUX 00OJIOHOK, apTeplaIbHUN THCK
JIe)Ka4YM Ta CTOSYM, YACTOTa CEPILEBUX CKOPOYEHBb, JOOOBUU Jiype3 Ta OaJaHC PiIUHM) Ta
nabopaTopHi mapaMeTpu (OCMOJISPHICTD TIA3MH, KOHIIEHTPAIIISI HATPIO 3 KOPEKITIEIO HA PIBEHB
rIKeMii, KOHIEHTpallisl Kaiito, MarHiro, (ocdariB, reMaToKpuT Ta 3arajJlbHUH OLJIOK,
OCMOJISIPHICTB C€4i Ta KOHILIEHTPAIlisl HATPIIO B C€Yi, piBeHb CEYOBUHH Ta KPEaTUHIHY, PIBEHb
KETOHIB y KpoBi Ta ceui mpu tepamii iH3KT-2) (Seifter, 2014). IIpu HEKOMIIEHCOBAHOMY
IyKpPOBOMY Jia0eTi 3 IIFOKO3YPi€l0 PEeKOMEHIYIOTHCS: ONTHMI3aIlis TJIKEMIYHOTO KOHTPOIIO
(OCHOBHMI 3axi1), 301IBIICHHS CITOKUBAHHS Pi1IUHU 110 2,5—3,5 1/100y, KOpEKIis TinoKatiemii,
rimogocdaremii Ta rimomarHiemii 3a TOKa3aHHAMH, a MpPH TSOKKIM aerigpartamii —
BHYyTpilHboBeHHA periaparanisa. [Ipu tepanii iH3KT-2 HeoOxigHe iHPOpMYyBaHHS MaIl€HTIB
PO HEOOXIAHICTh AOCTATHHOTO CHOXKUBAHHS PiAMHU (=2 11/100Y), 0cO0IMBa 00EPEKHICTD Y
JFOJICH TOXWIIOTO BiKY Ta mamieHTiB 3 XXH, TOTprUMaHHs «IIpaBHl XBOPOTO JHSD» (THMYACOBE
npunuHerHs iH3KT-2 mpu roctpux 3aXBOPIOBaHHAX 3 pU3UKOM Jierinparaitii), MoHiTopunr AT
ta keroniB (Handelsman et al., 2016). Ilpu ITC pexoMEHOYIOThCSA: arpecHBHA
BHYTpilHbOBeHHa periaparariis (1-1,5 1 0,9% NaCl y neprry roguny, motim 250500 mi1/ro),
KOpPEKIlisl EeJEeKTPOJITHUX TMOpYyIlIeHb, IHCYJIHOTEpamis Micias MOYaTKy perigpararii,
MOHITOPUHI OCMOJIIPHOCTI IJIa3MU KOKH1 2—4 TOMHU 3 LIJIOBOIO IIBUJIKICTIO 3HUKEHHS HE
oinsire 3—4 mOcm/kr/rox (Kitabchi et al., 2009).

12. OBTOBOPEHHS

12.1. HoBa koHIeNTyallbHa MOJIENb Y KOHTEKCT1 Cy4aCHUX JIOCII1/KEHb

3anponoHoBana npo¢. ['oxxenkom A.l. koHunenrtyansHa mojens HIID sk MexaHi3My 3aXUCTY
KJIITUHHOI TiApaTanii 3HaXOJUTh MIATPUMKY B HHU3LI CyYyacHUX IOCHIKEeHb. JlochiKeHHs
Vallon & Thomson (2020) y Nature Reviews Nephrology mimkpecitoe poib TyOysisspHUX
MEXaHI3MIB y HIATPUMaHHI ITFOKO3HOTO TOMEOCTa3y Ta iX MaToJOri4HI 3MIHM IpU Aialeri.
Hocmimkenns Spellman et al. (2024) neranbho onucye heHomen «Splay» Ta Horo 3HaYeHHS
JUTs po3yMiHHs auHamignoro xapaktepy HIII. Jlocmimkenns Hotait et al. (2022) poskpuBae
POJIb MPOKCUMAJIBHOTO KaHANbLIA K aKTUBHOTO PETYJISITOPA TIFOKO3HOTO TOMEOCTa3sYy.
Matemarnunuii 30ir mixk HIII' Ta BepXHBOIO MEKEI0 HOPMAJIbHOT OCMOJISIPHOCTI] € KJIFOYOBUM
apryMeHTOM Ha KOpUCTh HOBOi Mozeni. Lleit 30ir crocrepiraerbcs HE3aJIekKHO B METOAY
PO3paxyHKy OCMOJISIPHOCTI Ta € CTAOUTbHUM Yy Pi3HUX nomyssisx. [Tpu rmikemii 10 mmors/n
Ta HOPMAJbHUX 3HAYEHHSAX HATPII0 Ta CEUYOBHMHM OCMOJIIPHICTH IUIA3MU CTAHOBUTH 295
MOCM/KT — caMme BepxHI0 Mexy HOpMHU. [lepeBuIieHHs 1IbOTo PiBHS TJIiKEeMIi IPU3BOJUTH 10
KIIIHIYHO 3HAYYIIOi TIIepOCMOIISIPHOCTI Ta KJIITUHHOI Aeriapartarii. Jlo1aTKOBUM apryMeHTOM
€ te, o nipu LIJ12 migsumenns HIIT 1o 11-13 MMOaB/1 KOpemo€e 3 XpOHIYHUM ITi/IBUIIIEHHSIM
ocMosipHocTi TasMu 10 300-305 MOcM/Kr, 1110 BiANOBIJIA€ PIBHIO XPOHIYHOI CYOKITIHIYHOT
KITHHHOIT meriaparariii. locmimkenns Haussinger et al. (1994) nokasainu, 1110 HaBiTh MOMipHa
KIITHHHA Jeriaparaiis (3HWKEHHS KITHHHOTO 00'eMy Ha 5-10%) CyTTe€BO BIUTMBa€e Ha
MeTa0oJIi3M TeMaToIUTIB, CTUMYJIOIOUM TJIKOTEHOJI3 Ta TIJIFOKOHEOTEeHE3, IO MOXKE
nocwiroBatu rinepriikemito. Lle ¢opmye mopoune kono: miasumenunii HIIIT — Xponiuna
rinepriikeMiss — XpOHIYHA TIMEPOCMOJISIPHICT, — KIIITUHHA JETiApaTallis — IMOCHUICHHS
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rinepriikemii. Pe3ynbraTu JOCHIKEHP HHUPKOBHX MEXaHI3MIB pEryJisilii BYIJIEBOIHOTO
CTaTyCy B AMHAMIlll PO3BUTKY €KCIIEPUMEHTAILHOTO I[yKPOBOTO Aia0eTy MiATBEPAKYIOTh, 1110
MOPYIICHHS OCMOPETYIIOBAIbHOI (DYHKIIIT HUPOK € OJJHUM 13 paHHIX 1 MPOTPecyrouux MposiBiB
niabeTuyHOl Hedporarii, Mo Y3roKY€EThCsS 3 HOBOIO KOHIIENITyaTbHOO Moaeio (OneHoBUY
ta iH., 2020; Olenovych & Zukow, 2022; OaeHoBud Ta iH., 2025).

12.2. TlopiBHSIHHS 3 IHIIMMH TEOPISIMHU Ta IHTErpaTHBHA MOJIETh

TpaauuiiiHa Teopist «EKOHOMIi TIIOKO3W» CTBEPIXKYE, IO HUPKH EBOJIOLINHO PO3BUHYIN
MaKCUMaJIbHO €(PEeKTHUBHY cucTeMy peadbcopOrii rmroko3u Juist 30epekKeHHs bOTO IIHHOTO
eHepreTUYHOro cyocTpary. Lls Teopist Mae CyTTeBUI HEMOMIK: SKIIO O METOI €BOJIOIIT Oy10
MakcHMallbHe 30epeKeHHs TIIOKO3H, JIOTiYHO Oyno O owikyBatu 3HauHo Bumjoro HIIIT a6o
HaBITh BIJICYTHOCTI TJIIOKO3ypii mpu Oyab-sIKWUX PIBHAX TIikemii. Teopis «TyOyJspHOTO
saxucty» (Vallon & Thomson, 2020) cteepmkye, mo HIIIT Bu3HavaeThcss HEOOXITHICTIO
3aXUCTY KIITUH MPOKCUMAIBHOTO KaHAJbIS BiJ HAAMIPHOTO €HEPreTHYHOTO HaBaHTAKEHHSI.
L{st Teopis € OLIBII MEPEKOHINBOIO, aJie HE MOsCHIOE TouHOoro 30iry HIII' 3 BepXHBOIO MEXero
HOPMaJIbHOI OCMOJISIPHOCTI TJIa3MH.

3anpornonoBana npod. I'osxkenkom A.l. inTerparuBHa mozaens posrisgae HIID sk pesynbrar
KUTBPKOX €BOJIOLIMHO C(HOPMOBAaHUX MEXaHI3MIB 3aXHCTy: 3aXUCT KIITHHHOI Trigpartarii
(cucreMHU  pIBEHB), 3aXUCT KIITHH TMPOKCUMAIBHOTO KaHAIBLS BiJ HAAMIPHOTO
€HepreTUYHOr0 HaBaHTAKEHHS (JOKaJNbHUN PIBEHB), MiATPUMAHHS TYOYJIOTIIOMEPYJISIPHOTO
Oanmancy (HeppOHHMI PIBEHB) Ta 30EPEKEHHS OCMOTUYHOTO TPATIEHTY MO3KOBOI PCUOBUHU
HUpKH (opraHHUM piBeHb). JlochHimkeHHS KIyOOYKOBO-KaHAJIBIEBOIO OallaHCy IpH
excriepuMeHnTaabHoMy Hedputi ([Jourok Ta iH., 2012) Ta peHalbHUX MEXaHI3MIB peryJisiii
BYTIJIEBOAHOIO cratycy npu aiaderi (OneHoBuy Ta iH., 2020) miATBEpKYIOTh BaKIMBICTH
IHTErpaTUBHOTO MIAXOAY A0 PO3YMiHHS (QYHKIIT HUPOK.

12.3. O6MexkeHHs OISy Ta HaNPsIMKU MailOyTHIX J0CIIIKEHb

HapaTtuBHwmii Xapaktep orisigy Moxe OyTH CXHIBHHM JI0 YIEPEKEHOTO BiOOpy JIiTEpaTypH.
MaremaTtnunuii 360ir Mix HIII™ Ta BepXHBbOIO MEXEI0 HOPMaJIbHOI OCMOJIIPHOCTI € HEMTPSIMUM
JIOKa30M HOBOi MOAeNi, 1 I 1i OCTATOYHOTO IiJTBEP/HKEHHS HEOOXITHI CIelialbHO
CIPOEKTOBaHI MPOCMEKTUBHI AOCTIIKEHHS. BITbIIICTh IUTOBAHUX TOCIIHKEHb TTPOBOIUIUCS
MEPEeBaKHO Y TAIIEHTIB €BPOIEHCHKOTO MOXO/PKEHHS, 0 MOXe 0OMEXKYBaTH y3arajJbHEHHS
pe3yJbTaTiB Ha 1HIII MOMYJISL].

[lepcrieKTUBHUMU HapsIMKaMHU MallOyTHIX JOCIIJKEHb €: TPOCIIEKTUBHI I0CIIIKEHHSI 3B'SI3KY
Mk HIII' Ta ocMONApHICTIO TUIa3MH; AOCTIKEHHS BIUIMBY Kopekiii HIII' Ha xiaiTHHHY
rijpaTarito; TeHeTUYHI Ao pKeHHs moxiMopdismis reHiB SLC5A2 Ta SLC5AL; mocmimkeHHs
ontumanbsHoi 1031 iH3KT-2 3 ypaxyBanusm inausigyaasaHoro HIII™ Ta ocMonsipHOCTI Tta3mu;
JOCIIJDKEHHST POJII KJIITHMHHOI Tigpartamii B martoreHe3l yckiamaHeHb [IJI; mociimkeHHS
B3aemonii Mix HIII' ta cucremoro AJlI'-akBanopunu npu L/I. Oco0auBO nepcrneKTUBHUMH €
JOCIIKEHHST 0COOJMBOCTEH KaHAIBIIEBOTO TPAHCIIOPTY OCMOTHYHO AaKTHBHUX PEUOBHH Ta
MPOIIECIB OCMOPETYJIsILii B JUHAMILI PO3BUTKY IIyKPOBOTO [iabeTy, IO BXK€ po3mouari Ta
JaroTh BaxkuBi pe3ynbrat (OneHoBud Ta iH., 2025; Olenovych & Zukow, 2022).

13. PO3I'OPHYTI BUCHOBKHA

BucnoBok 1. HupkoBuii mopir /il rJIl0K03M € CKJIAJHUM JMHAMIYHUM MapaMeTpoM, 10
BHU3HAYAETHCA B3Aa€EMOAI€I0 MK (QiabTpaniiiHUM HABAHTAKEHHSIM TJIIOKO3M Ta
MaKCMMAJIBLHOIO TYOYJISIPHOIO peadcopouicro.

HIIT" (8,9-10,0 MMonb/i1) € HEe (iKCOBAHOK KOHCTAaHTOK, a JNUHAMIYHUM IMapameTpoM, IO
BH3HavyaeThes criBBigHOmEHHsIM Mk OHIT (OHIT = IIK® x C rmroko3u) ta Tm_G, ska
peamizyerbest epeBaxHo yepe3 SGLT2 (90%) y S1-S2 cermentax ta SGLT1 (10%) y S3
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CerMEHTI  MPOKCHMAaIBbHOTO KaHaibligs Hedpony. DenHomen «splay», 3ymoBieHHi
reTeporeHHicTio  HepoHIB  Ta  KiHeTHMKOW  Mixaemica-MeHTeH  TpaHCIOpTEpiB
(V=Vmaxx[S]/(Km+[S])V=Vmaxx[S]/(Km+[S])), oOymosmtoe peanpuuii HII[' 3Ha4yHO
HIDKYUM 32 TeOpeTHIHHA MakcuMyM (16,7 mmoms/a1 ipu Tm_G = 375 mr/xe ta LIK® = 125
wir/xB). Junamiunuii xapakrtep HIII minTBep/pkyeTbes #HOro 3MiHaMU TpU  Pi3HUX
(Gi310JIOTIYHMX Ta MATOJOTIYHUX CTAHAX: 3HIKCGHHSIM TMpU BariTHOCTI  (BHACIIIOK
rinepdinbrpanii), niasumenasM npu L/12 (Bracmigok agantuBHoro 30inemenHs Tm_G Ta
rineptpodii mpokcuMalibHUX KaHaubIiB) Ta npu XXH (BHacmigok 3HmwkeHHs [IIKD).
JlocmipKeHHsT HUPKOBUX MEXaHI3MIB PETyJISIil ByTJIEBOJHOTO CTaTyCy B JMHAMIII PO3BUTKY
€KCIIEpUMEHTAJILHOTO I[yKPOBOTO J1a0eTy MmiaTBepAvIH, 1o 3MiHu HIII™ € ogHMM 13 KIIH0OU0BUX
naTo(i310JI0OTIYHIX MEXaHi3MIB MporpecyBaHHs aiadetnyHoi HedpomnaTii (OneHoBHY Ta iH.,
2020; Olenovych et al., 2023). Posyminns auHamiunoro xapakrepy HIII mae BaxiuBe
KIIiHIYHE 3HAYEHHS: BIJCYTHICTh TIIIOKO3Yypii HE rapaHTye HOPMOTJiKeMii (0COOIMBO mTpU
migBumenomy ITM_G mnpu I1JI2), a HasgBHICTH TJIOKO3ypii HE 3aBXKIW CBIAYUTH TIPO
rinepriikemito (pu 3umwkenomy HII' — penanbHa riaroko3ypis, BaritHicts) (DeFronzo et al.,
2013; Santer & Calado, 2010).

BuchoBok 2. HoBa KoHuenTyajJbHa MoOJeJb HHPKOBOr0 IOPOry /UIA TIJIIOKO3H,
3anpononoBana npod. I'oxkenxkom A.l., posrasigae HIII' sik eBosnoniiino cpopmoBanmii
MeXaHi3M 3aXMCTy KJIITHHHOI rigparauii.

HoBa koH1enTyanbHa MOJielb, BIepIle 3anpornoHoBaHa npod. I'oxxkenkom A.l. Ta po3BuHyTa y
cmiBaBTopctBi 3 XKykoBum B., OnenoBuu O.A. ta ['oxenko O.A. (Gozhenko et al., 2017,
Kuznetsova et al., 2018; Onenosuu T1a in., 2020; Olenovych & Zukow, 2022; OneHoBHY Ta iH.,
2025), posransgae HIII' He sk macuBHUN HACHiOK HACUYEHHS TPAHCHOPTHUX CHUCTEM, a SK
eBOJIOLIIHO chopMOBaHMN MeXaHI3M 3aXUCTy KIITUHHOI rigpatanii. LleHTpaabHUM
apryMEHTOM Ha KOpHUCTH L€l Mozaeni € maremaruynuit 30ir mix HIIT (8—10 mmons/n) Ta
BEPXHBOIO MEXKEI HOPMalbHOI OcMOJsIpHOCTI Twazmu (295 MOCM/KT): KOXKEH MMOJIIb/I
[III0K031 BHOCUTH 1 MOcM/Kr 10 ocMossiprocTi tiasmu (Posm=2%[Na+]+[Glu]+[Urea]Posm
=2%x[Na+]+[Glu]+[Urea]), i nepeBuitienns piBas 10 MMOJB/T IPH HOPMATbHHUX 3HAUCHHSIX
HaTpil0 Ta CEYOBMHU MPU3BOJIUTH /10 OCMOJISIPHOCTI MOHAJ 295 MOCM/KT, 110 € BEPXHBOIO
MEXE0 HOPMHM Ta KPUTHUYHMM TOpPOroM Ui KIITHHHOI Jerigparanii. Esomroriiina
koHcepBatuBHicTh HIII™ Ha piBHI 8—10 MMOJIB/TT y O1JIBIIIOCTI CCaBIIB, HE3AIEKHO Bl pO3MIpY
TiJla T METabOJIIYHOTO PiBHS, € JIOJATKOBUM apryMEHTOM Ha KopucTh HOBOI Moeni (Vallon &
Thomson, 2020). st KoHIemnIis BiAKPHUBAE PUHIIMIIOBO HOBHI MOTJIST HA (i310JI0T1H0 HUPOK
Ta TaTo(i3i0NOriI0 IYKPOBOro JiabeTy, pO3INISJAlouM TIIOKO3Ypil0 He SK HaToJIOTIYHHMN
(heHoMeH, a sk (1310JI0TTHHO 3alIPOrpaMOBaHUM 3aXUCHUN MEXaHI3M.

BucHoBok 3. IlopyuieHHs 0CMOperyJ0BajJbHOI (PYHKIII HUPOK € OAHUM i3 HAHOLIBLII
PAHHIX Ta NATOreHeTHYHO 3HAYYIINX NPOsABiB AiadeTH4YHOI HedponaTii.

PesynbpTatu nociikeHb OCMOPETYJIIOBaIbHOI (DYHKIIIT HUPOK B IMHAMII PO3BUTKY alOKCaH-
1HIYKOBaHOTO eKCIlepUMeHTalbHOrO Aiadety, nposeneHux OneHosud O.A. (OneHoBHY Ta iH.,
2020; Olenovych & Zukow, 2022; OnenoBuy T1a iH., 2025), MepeKOHINBO IEMOHCTPYIOTh, 110
MOpYLIEHHS OCMOpCFyJ'IIOBaJIBHOI ¢byHKii HUPOK PO3BUBAIOTHCS BKE HA paHHlX CTaisX
3aXBOPIOBAHHS 1 MPOrPeCyloTh MapaieabHO 31 30UIBIIEHHSIM TPHUBAJIOCTI Ta TAKKOCTI
rinepriikemii. i mopymeHHs] BKIIOYAIOTh MPOTPECHBHE TIOTIPIICHHS 3JAaTHOCTI HHUPOK [0
KOHIIGHTPYBaHHs cedl (3HMKEHHS MaKCHUMaJIbHOI OCMOJISIPHOCTI Cedi), MOPYIIEHHs BUIHOTO
Boauoro kiipency (CH20=V'x(1-Uosm/Posm)CH20=V"x(1-Uosm/Posm)) ta mopyuicHHs
KaHaJIbLIEBOTO TPAHCIOPTY OCMOTUYHO aKTUBHUX peuoBMH. LI 3MIHM € MpsAMUM HacIiAKOM
OCMOTHUYHOTO JIiype3y, CIPUUNHEHOTO III0OKO3YPIi€l0, Ta MOPYIIEHHS B3a€EMOIIi Mi’K CHCTEMOIO
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AJI'-akBaropuHu Ta OCMOTHYHUM HABAaHTAKEHHSM y KaHAJBIEBINH piauHi. BaxnuBo, 1o 1i
MOPYIIEHHS MepeAyloTh PO3BUTKY HpoTeiHypli Ta 3HmxkeHHIO [IIK®, mo miarBepmkye ix
MAaTOrCHETHYHY pOJIb y MporpecyBaHHi miabermunoi Hedpomatii (Boychuk et al., 2017;
Olenovych, 2019). docnimkenns Olenovych & Zukow (2022) miaTBepauiin, Mo OCMOTHYHE
KOHIICHTPYBAHHsI Cedl € YyTIMBHUM MapKepOM PaHHBOI AiabeTHyHOi TyOyIomarii, o Moxe
OyTH BUKOPUCTAHHH U PaHHbBOI J11IarHOCTUKU Ta MOHITOPUHTY MPOrpecyBaHHs 11a0eTUYHOI
Hedpomnarii.

CHocka: BHCIOBIIOEMO BENMKY MOASKY 3a CHIBIpAIl0 Ta KOHCysbTamii mpodecopy A.L
['oxkeHko.

BucnoBok 4. ITopyuieHHs1 ioHOpery/il0BaJbHOI (yHKIII HIPOK NPH LHYKPOBOMY aiadeTi €
YAaCTHHOIO €IHHOT0 CHHAPOMY TYOYJISIpPHOI AuCPYHKII, MATOreHeTUYHO MOB'A3aHOrO0 3i
3MiHAMHU HMPKOBOTI'O MOPOTY /IS TJIIOKO3M.

PesynbraTi nochipkeHb 10HOpEryNIOBalbHOI (DYHKIIT HUPOK TpU IyKpPOBOMY Jiaberi
(Boychuk et al., 2016; Onenosuu, 2020a; Olenovych et al., 2023; Olenovych et al., 2024a)
MEPEKOHJINBO JEMOHCTPYIOTh, 0 mopymeHHs Tpancnopry Na', K*, Ca?" ta docdariB y
MIPOKCUMAIbHUX KaHAIBISIX € MaTOreHeTHYHO NoB's13anuMu 31 3miHamu HIII Ta nopymenusaMu
OCMOpETYIIOBATIBHOI PyHKIIIT HUPOK. L{i mopymeHHs popMyIOTh €JMHUN CHHAPOM TYOYISAPHOI
nuchyHKIIT Tpy aiadeTi, 10 Mporpecye napajieiabHO 31 30UIBIIEHHSM TPUBAJIOCTI Ta TSHKKOCTIL
rinepriikemii. MexaHi3MamM#l I[bOTO CHHAPOMY €: TiABHINECHA peadbcopOiris riroko3n ta Nat
yepe3 SGLT2 (mo 3MiHIOE €NEeKTPOXIMIYHUH TPaJiEHT Yy MPOKCUMAJIbHOMY KaHAJIBI Ta
BITUBAE HA TPAHCIIOPT 1HIINX 10HIB); OCMOTHYHUH Jiype3 (1o 3HmKye peadcopomiro K, Ca*,
Mg?* Ta pocdatiB y tucTanbHUX Bijaiiaax HeppoHy); aktusalist PAAC (1o 3MiHIOE TpaHCTIOPT
Na" ta K' y 30upanpHux TpyOoukax); rinmeprpodis Ta (yHKUIOHAJIbHI 3MIHU KIITUH
MIPOKCUMAIILHOTO KaHAJBIIA (10 3MIHIOIOTh iXHIO TPAHCIIOPTHY aKTUBHICTH) (OneHoBuy, 2020);
Onenouy, 2020a). Hocmimkenns Onernosud (2020a) mokasainu, 1mo ¢papmMakogoriyaa 6okaaa
PAAC cyTTeBO 3MiHIOE XapaKTep 10HOPETYIIOBAIBHUX MOPYIIEHb IPU €KCIIEPUMEHTATbHOMY
LyKpOBOMY [ia0eTi, IO MHIATBEp/pKye KiaouoBy poib PAAC y marorenesi TyOyssipHOT
mucyHnkiii mpu aiaberi. Jocaimkenns Olenovych et al. (2024a) miareepauiu, 1110 HOPyIIEHHS
TPAHCTYOYJISIPHOTO TPAHCTIOPTY KaJbIlit0 Ta ocdaTiB € OTHUM 13 paHHIX IPOSBIB A1a0ETHUHOI
TyOysonarii.

BucnoBok 5. Pojb peHiH-aHTiOTeH3MH-AJbLIOCTEPOHOBOI CHUCTEMH Y MAaToreHesi
Aia0eTHYHOI TYyOyIsIpHOI M CPYHKILIT € KIII0Y0BOIO Ta 0araToacneKTHOI0.

JlociskeHHsl PeHIH-aHT10TEH3UMHOBOI CUCTEMHU B PEryJIsilli eKCKpeTOpHOi (PyHKIIT HUPOK 3a
eKCIIepUMEHTaIbHOr0  IyKpoBoro miabery (OnenoBumu, 2020) Ta  ocoOmuBOCTEH
10HOperyoBabHOI (GyHKIT HUPOK Ha T ¢apmakonoridHoi 6mokagun PAAC (Onenosuy,
2020a; OnenoBuy, 2020b) nmepexkoHIMBO TEMOHCTPYIOTh, 0 PAAC Bifirpae KiIto4oBy poib y
naToreHesi aiabetnyHoi TyOysipHoi aucdynkuii. Axkrusaiiss PAAC npu aiaGeti € HacIiIKoM
ocMoTHYHOTO Aiype3y Ta 3HwkeHHs OLIK 1 nmpu3Bonuth 10 3aTpumku Na* ta Buenenns Ky
30upanbHUX TPyOOUKaxX (Uepe3 ajbJOCTePOH), BA3OKOHCTPUKIIT apepeHTHHX apTepion (depe3
anriorensud ll), mo migBuIy€e BHYTPIIIHBOKIYOOUKOBUI THCK Ta chpuse rinepguibrparii,
CTUMYJISILIT CUHTE3y KojareHy Ta (iOpo3y B Hupkax (uepe3 anrioreHsud ll) Ta mocuneHHs
3amanbHUX peakiiil y HUpKOBii TkaHuHI (uepe3 anriotensuH ll). @apmakosoriyaa Grokana
PAAC cyTTeBO 3MIHIOE XapaKTep 10HOPETYJIOBAIBHUX Ta OCMOPETYIIOBAIBHUX MOPYILIEHb
IPU EKCIIEPUMEHTAIBHOMY IIyKpOBOMY JiabeTi, 10 MiATBEp/PKye Kito4doBy poib PAAC y
naroreHesi jaiabernunoi Hedpomatii Ta 0OTpyHTOBYE 3actocyBaHHs OyiokatopiB PAAC sk
HeponporekTuBHUX 3aco0iB npu /] (OnenoBuy, 2020; OnenoBuy, 2020a). B3aemoist mix
PAAC Ta cucremoro AJII-akBanopuHH NMpH A1a0ETi € BAKIMBAM MEXaHI3MOM, 1[0 BH3HAYAE
CTYIIiHB MOPYIICHHS BOJAHO-EJIEKTPOIIITHOTO romeocrasy (Bankir et al., 2017; Schrier, 2010).
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BucHoBok 6. AjanTuBHe MiABUIIEHHS HUPKOBOI'O MOPOTY /IS [JIIOKO3H NPH IYKPOBOMY
aiadeti 2 TNy € maToJOrivHuM ¢eHoMeHoM, O (GopMy€e€ NMOpPOYHE KOJIO XPOHIYHOI
rineprJiikeMii Ta KJIiTUHHOI AeripaTauii.

IMpu /12 migBumenns TmM_G ta HIIIT (mo 11-13 mmoub/i1) € pe3yiabTaTOM KUIBKOX
B3a€MOIIOB'I3aHUX ~ MeXaHi3MiB: migBUINeHHS ekcrpecii SGLT2 (uepe3 axTHBaiito
TpaHnckpumiiiiHoro ¢akropa HNF-lo Tta emiremernmuni wmoaudikamii); rTinmeptpodii
MPOKCHMAJIbHUX KaHANBIIB (301beHHs Macu Ha 15-20%); nigBuiienHs akruHocTi Nat/K*-
AT®a3u; rinepdinprpartii Ha panHix cragisx L[JI2 (Rahmoune et al., 2005; DeFronzo et al.,
2013; Vallon & Thomson, 2020). ITatonoriune migBumennss HIIT pyitnye npupoaHuii
3aXMCHUN MEXaHI3M TIIFOKO3Ypii, J03BOJISIFOUN OCMOJISIPHOCTI IJIa3MHU XPOHIYHO TICPEBUIILYBATH
300-305 mOcwm/kr. XpoHi4HA TiEPOCMOJISIPHICTh TPU3BOJAMTH JI0 KIIITHHHOI JIeTiapaTalii, ska
CTHMYITIO€ IIIIKOT'€HOJII3 Ta TIF0KOHeoreHe3 y remaroruTax (Haussinger et al., 1994), cexpertito
TJIIOKaroHy Ta KOPTH30Jy, IO TIOCHJIIOE TINEPriiKeMil0 Ta 3aMHUKa€e IOPOYHE KOJIO.
JlocimiKeHHsT HUPKOBUX MEXaHI3MIB PEryJisilii ByrJ€BOJAHOTO CTATyCy B JIMHAMII PO3BUTKY
EKCIIEPUMEHTAJIBLHOTO IyKPOBOTO Jia0eTy MiATBEPIWIH, IO 3MIHU peadcopOIii IIFoKo3u B
HUPKaX € OJHUM i3 KIIFOUYOBUX MaTO(]i310J0TYHUX MEXaHi3MiB MPOTpeCcyBaHHs TiNepriikemil
mipu niadeti (OnenoBud 1a iH., 2020). Konneniis «omiHo3HOTo oKTeTY» DeFronzo (2009), mo
BKJIFOYAE TIBUIIEHY HUPKOBY PeadbCOPOIi0 TIIOKO3HU SIK OJUH 13 BOCBMH NaTO]i310J0TTYHUX
MeXaHi3MIB MiATpUMaHHA rinepriikemii npu LJ12, migTBepmKye MaTONOTIYHHHA XapakTep
nigsumienns HIID mpu IJI2 Ta oOrpynTtoBye 3actocyBanHs iH3KT-2 sk 3aco6iB, 110
0e31ocepeIHbO YCYBAIOTh IIEH MaTOJIOTTYHUN MEXaHI3M.

BucnoBok 7. Inriditopu SGLT?2 peanizyioTh cBoi niieiioTponHi eg)eKTH NepeBakKHO yepe3
BiIHOBJIEHHSI MPHUPOJHOI0 OCMOTHYHOI0 3aXMCHOI'0 MeXaHi3My HHPOK Ta MOKpPAaIeHHs
KJIITHHHOI TigpaTamii.

3 TOYKHM 30py HOBOI KOHIeNTyanbHOi Mojeni npod. ['oxxenka A.l, iH3KT-2 e ne mpocto
«ILYKPO3HMKYBAJILHUMI MperapaTamMu, a 3aco0aMu BiJHOBJIEHHS PHUPOTHOTO OCMOTHYHOTO
3aXMCHOr0 MexaHi3My HHUpok. @apmakosoriune 3HmxkeHHs HII 1o ~4-5 MMounb/n iHIyKye
rioko3ypito 60—-100 /100y, 110 3HMKY€E OCMOJISIPHICTD TU1a3MU MPHOAN3HO Ha 3—7 MOCM/KT
(Ferrannini et al.,, 2014), nokpamye KITHHHY TifpaTaiil0 Ta 3allyCKae KacKaj
reMoArHaMiuHuX Ta MeTabomunux 3miH. 3HmwkeHHs OILIK ma 7-10% (Marton et al., 2024)
3HWKY€ TICpEHABAaHTAKEHHS Ta I[IOCTHABAaHTAXEHHsS Ha  ceple, M0  IMOSICHIOE
kapaionporektuBHi edextr iH3KT-2 npu cepuesiit Henocratrocti (McMurray et al., 2019;
Packer et al., 2020). AxtuBarist TI'3 (uepe3 36inbinents gocrasku NaCl qo macula densa npu
onokani SGLT2) 3sHmkye BHYTPIIIHBOKITYOOUKOBHI THCK Ta cripusie HepomnpoTtekuii (Vallon
& Thomson, 2020; Upadhyay, 2024). 3HMKEHHS CIOKHBAaHHS KHCHIO KIITHHAMHU
npokcuManbHOrOo KaHaibls (Gronda et al., 2023) 3mennrye TyOyssipHY TilOKCiIO Ta CIIpHsE
Hedponporekmii. Benuki kminiuni gocmimkenns EMPA-REG OUTCOME (Zinman et al.,
2015), CANVAS (Neal et al., 2017), DECLARE-TIMI 58 (Wiviott et al., 2019), DAPA-HF
(McMurray et al., 2019), EMPEROR-Reduced (Packer et al., 2020), CREDENCE (Perkovic et
al., 2019), DAPA-CKD (Heerspink et al., 2020) ta EMPA-KIDNEY (The EMPA-KIDNEY
Collaborative Group, 2023) nepekOHIHBO MiATBEPIHIN Kap/1io- Ta HepOPOTEKTUBHI ePeKTH
1H3KT-2, 110 € KIiHIYHUM MiITBEPIKEHHSIM HOBOI KOHIIENTYaTIbHOI MOJIEII.

Bucnosok 8. I'imoko3ypist npu Tepanii iH3KT-2 Ta npu 1exoMneHcoBaHOMY IIYKPOBOMY
AiadeTi MPU3BOAUTH 10 KJIIHIYHO 3HAYYIIMX MOPYIIEHb BOJHOI0 Ta €JEKTPOJITHOIO
0aJsiaHCy, 10 MOTPe0YIOTh AKTUBHOI0 MOHITOPUHIY Ta KOPeEKIil.

OcMOTHYHHMI fAlype3 TpH TIIOKO3ypii € TOTY)KHUM MEXaHI3MOM BTpaTH PIAMHH Ta
€JIEKTPOJIITIB: KOKEH I'paM TIIFOKO3U B cedi «TsATHe» 3a coboro 15-20 ma Boau (Koeppen &
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Stanton, 2013), a mpu exckpertii 70—80 r rimoko3u Ha 100y (npu Tepamnii iH3KT-2) nonaTkoswuii
niype3 craHoButh 1,0—1,6 1/n00y. Ilopsm 3 BTpaTtoro BOAM, TIFOKO3Ypis MPU3BOAUTH JI0
HaTpiype3y (KOHIICHTpaIlisi HATPil0 B cedi IpH OCMOTHYHOMY miype3i 40-80 mmomw/m),
Kayiype3y (depe3 30UIbIIECHHS JOCTAaBKM HATPIIO JI0 JUCTAIBHUX BIIAUTIB HEPpoHY Ta
BTOPHHHMIA TinepaliblI0oCTepoHi3M), rinmodocdaremii Ta rimomarniemii (Biber et al., 2013;
Quamme, 1997; Palmer & Clegg, 2015). IIpu HekomnencoBanomy 11/I2 xpoHiuHa TIIIOKO3ypist
MPU3BOJUTH JI0 MOCTYIMOBOI jeriaparanii 3—5% 0e3 BHUpakeHUX KIIHIYHUX CUMIITOMIB, IO
MO>KE€ MAaCKyBaTUCS KOMIICHCATOPHUM 301JIBIIEHHSAM CIIOKUBaHHS piauHu (mofincis). Kpaitaim
mnposisom € I'TC 3 nedinurom piguam 8—10 i Ta neranphictio 5-20% (Kitabchi et al., 2009;
Stoner, 2005). IIpu tepamii iH3KT-2 kiiHIYHO 3HAYYIIMMH PH3HKaMH € JAETiAparariis Ta
OpTOCTaTUYHA TINOTEeH3ia (0COOJMBO Yy JIOJACH MOXWIOro BiKy Ta mpu noiidgapmarii),
eBriikeMiuHui niabernunuii keroanuno3 (dacrora 0,1-0,2% nHa pix npu LIJ12, no 2-4% npu
I1JT1) Ta remito-ypunapui iudexiii (Goldenberg et al., 2016; Scheen, 2015). KommiekcHa
OIlIHKa BOJHOTO OaslaHCy (OCMOJIAPHICTh IUIA3MH, KOHIICHTpAIliS EJIEKTPONITIB, M000BUI
niypes, Maca TiJia) € HeoOX1JHUM KOMIIOHCHTOM KJIIHIYHOTO BEJICHHS MAIlI€HTIB 3 TJIFOKO3YPIEI0
(Seifter, 2014).

BucnoBok 9. CimeiiHa peHa/ibHa TIJIIOKO3Ypisi fIK NPHPOJAHA MoOJeJb XPOHIYHOIO
inrioyBanusi SGLT2 minTBepa:Kye€ JA0BrocTpokoBy 0e3neky (papMaKoJOriqvHOIro
3HUKEHHS] HUPKOBOIO MOPOrYy ISl TVIIOKO3H Ta OOIPYHTOBYE HOBY KOHUENTYAJIbHY
MoJeJb.

Cimeiina penanbHa rroko3ypist (CPT) — ayTocoMHO-peliecCHBHE 3aXBOPIOBAHHS, CIIPHYNHEHE
myTaisimu B reHi SLC5A2 (SGLT2), € npupOIHUM <IOACBKUM EKCIEPUMEHTOM», IO
JI03BOJISIE OIIHUTH HACTIIKA XpOHIYHOTO iHTi0yBaHHs SGLT2 npotsrom ycsoro sxutTs (Santer
& Calado, 2010). ITomupenicts CPI" cranoButh npubmsno 0,2—0,6% y 3aranbHiil momyJsimii,
i onmcano nonax 80 pisHux mytamniii y reni SLC5A2 (Santer et al., 2003; Calado et al., 2008).
I'omo3uroTHi Hocii MyTaliil MarOTh 3Ha4Hy TIIOKO3ypito (10 150 r/g00y) npu HOpManbHIN
IIIKeMIl IpOTIroM ycboro KuTTs. JloBrotpusani cnoctepexeHHs (10 40 pokiB) He BUSBUIU
CYTTEBHMX HECHPUATIMBUX HACIIAKIB I HUPOK, MIANUTYHKOBOI 3aJ1031 200 ceplieBO-CYAMHHOL
cucremu (Calado et al., 2006; Santer & Calado, 2010). Ile € mepekOHIMBHM JOKa30M
JIOBIFOCTPOKOBOI Oe3neku xpoHiyHoro 3HkeHHs: HIII™ Ta miaTBepky€e HOBY KOHIENTyalbHY
Mozens mnpod. lNoxenka A.L: sxOu rTaoko3ypiss Oyia NaTOJOTIYHMM SIBUIIEM, a HeE
(b1310JI0TTYHUM 3aXUCHUM MEXaHI3MOM, XpoHiuHa rimoko3ypis npu CPI' mpuzBoauna 6 no
CepHO3HUX yCKiIaJHEeHb. HaTomicTh, BIAMOBIAHO JO HOBOT MOJIEN, XPOHIUHA TIIFOKO3Ypisl IPU
CPI' € XpOHIYHUM «CKHAAHHSAM» OCMOTMYHOTO THUCKY, W0 MiATPUMY€E HOPMAJIbHY
OCMOJISIPHICTh TUIa3MHM Ta KIITHHHY TigpaTamito. [leli BUCHOBOK Mae BaKiIMBE KIIIHIYHE
3HA4YeHHs: BIH MiATBEPUKYeE, 110 TpuBaina tepanis iH3KT-2 e 6e3neunoro 3 Touku 30py QyHKIIIT
HUPOK Ta MiANUIYHKOBOI 3aJI03W, IO Y3TOKYETHCS 3 Pe3yabTaTaMH BEIHKUX KIIIHIYHUX
nocmimkens (Zinman et al., 2015; McMurray et al., 2019; Perkovic et al., 2019).

BucnoBok 10. HoBa koHuentyajgbHa MoOJeJb HHPKOBOr0 MOPOry /Jisl TJIIOKO3M,
3anponoHoBana npod. I'oxxenkom A.l., BilKpuBa€ NPUHIUIIOBO HOBI NEPCHEeKTHBH IS
po3yMiHHs martodgisiosorii mykpoBoro aiadery Ta po3po0KH HOBHX TepaneBTHYHHX
cTparerii.

Hoa xonuentyansHa monens HIII', Bmepmie 3ampomnonoBana mpo¢. I'oxenkom A.l Ta
po3BuHyTa y crmiBaBTopcTBi 3 JKykoBum B., OnenoBuy O.A. Ta I'oskenko O.A. (Gozhenko et
al., 2017; Kuznetsova et al., 2018; OnenoBuu Ta in., 2020; Olenovych & Zukow, 2022;
OnenoBu4 Ta iH., 2025), mpononye nepeocMucanTu natodiziosorito /12 sk crany XpoHidyHOT
KIITUHHOI JeTiAparTallii, a He JUIIe SK CTaHy XPOHIYHOI rimepriikemii. BinmoBigHo mo i€l
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Mojieni, XpoHiuHa rinepriikemis npu L[JI2 € He nuire MeTabomiuHOI0 TPOOIEMOO (HATHIIIOK
TIFOKO3H SIK CyOCTpary), ajie i OCMOTHYHOIO MPOo0JIeMOor0 (XpOoHiYHA KIITHUHHA JIETiapaTaiis
BHACJIIOK TIJBUIIICHOI OCMOJIIPHOCTI TuTa3Mu). L KOHIIeMIIisl BiIKpUBa€e HOBI MEPCIICKTHBU
JUTSL IEPEOCMUCIICHHS TepaneBTHYHUX 1iter npu /12 (BKIIFOYEHHST OCMOJIIPHOCTI TIa3MU SIK
TepareBTHYHOI MirneHi nopsin 3 HDALC); po3poOku HOBUX TEpanmeBTUYHUX CTpaTeriid,
CTPSIMOBAaHUX Ha BiTHOBIICHHsS HOpManbHOTO HIII™ Ta OCMOTHYHOTO romMeocTasy; onTumizarii
nozyBanHs 1H3KT-2 3 ypaxyBanusm inauBigyansHoro HIII' Ta ocMoinsipHOCTI mMmia3mu;
pPO3pOOKM HOBHX MapKepiB paHHBOI nmiabeTmuHOl Hedpomarii Ha OCHOBI IOKa3HHKIB
ocMoperymoBaibHoi (yHKIiT HEpok (Olenovych & Zukow, 2022; OnenoBuu Tta iH., 2025);
normuOJIeHHsT PO3yMiHHS MexaHi3MiB tuiedorpornHux edekriB iH3KT-2 uepe3 mnpuszmy
OCMOTHYHOTO 3aXHUCTy KIITHHHOI Tiaparanii. [Toganpin mpocnekTuBHI AOCTIHKEHHS 3B'SI3KY
Mmix HIII', ocMomsipHICTIO M1a3Mu Ta KITHIYHUME pe3yibTatamu npu LIJ12 € HeoOXigHuMu J1s
MiATBEP/KECHHS HOBOT KOHIIENTYAIBHOT MOJIENI Ta pO3pOOKH HOBHX TEPAIIEBTUYHUX IiIXOIIB.

JTEKJAPAIIA KOH®JIIKTY IHTEPECIB TA PO3KPUTTS IH®OPMAIII
KondumikT inTepeciB

VYci aBTopu 1poro HapatuBHoro orysiny — [oxkenko A.l, Xykos B., OnenoBuu O.A. Ta
INoxenko O.A. — 3a4BISIOTH NPO BIICYTHICTH OyAb-sIKOT0 (hiHAHCOBOrO 260 HEPIHAHCOBOTO
KOH(QUIIKTY 1HTEpeCiB, 0 MIr OM BIUIMHYTH Ha PE3yJbTaTH, IHTEpHpETAIif0 a00 BUCHOBKU
nporo jocmiypkeHHs. JKojaeH 13 aBTOpiB He OTpuMyBaB (DiHAHCYBaHHsS, TOHOpPapiB,
KOHCYJIBTAlliHHUX BUILIAT a00 iHmMX (popM KomreHcarii Bix (hapMareBTHIHINX KOMITaHiHd, 110
BUpOOstOTh iHTIOITOpr SGLT2 abo iHmI mpemapaTH, 3rajaHi B npomy orisiai. JKoaeH i3
aBTOPIB HE € BIIACHUKOM aKIIiii a00 MaTeHTIB, OB'I3aHUX 13 IpenapaTaMu ado A1arHOCTUYHUMU
METOJIaMHU, 110 0OTOBOPIOIOTHCS B IIii pOOOTi.

diHaHCyBaHHS

Ile nmocnmipkeHHS HE OTPUMYBAJIO 30BHIMIHBOTO (PiIHAHCYBAaHHS BiJ KOJHUX JEp:KaBHUX,
KOMEpLiHNX a00 HeKoMepUiHHUX opraHizamiil. JlociaiakeHHs MPOBOIWIOCS BUKIIOYHO B
pamMKax HayKOBOIi IIsJIbHOCTI aBTOPIB Y CBOiX YCTaHOBaX: Y KpaiHCbKOMY HayKOBO-/10CII1THOMY
iHCTUTYTI TpaHcnopTHOi Meauuman MO3 Vkpainu (Oneca, Ykpaina), YHiBepcuteTi Mukosnas
Konepuuka (Topysb, [Tonbiia) Ta BykoBUHCHKOMY JIep’KaBHOMY MEAMYHOMY YHIBEPCHUTETI
(YepHniBui, Ykpaina).

ABTOPCBKHMI BHECOK

Binamogiano o takconomii CRediT (Contributor Roles Taxonomy):

I'o:kenko A.L. (Conceptualization, Methodology, Writing — Original Draft, Writing — Review
& Editing, Supervision): aBTop HOBOI KOHIENTYaJbHOT MOJEII HHUPKOBOTO MOPOTY IS
TJIIOKO3U SIK MEXaH13My 3aXUCTY KIITHHHOI riipartalii; po3poOuB KOHIIEMIIII0 Ta METOJI0JIOT1I0
OTJISATY; HAIMCaB OCHOBHHM TEKCT PYKOITUCY; 3MiCHUB (piHATBHE pelaryBaHHs Ta 3aTBEP/IUB
OCTaTOYHY BEPCil0 PYKOIHUCY; 3/IiIICHIOBaB HAYKOBE KEPIBHUIITBO AOCIHIHKEHHSIMH, 1110 JIATIIN
B OCHOBY OTJISITY.

Kykos B. (Investigation, Data Curation, Writing — Original Draft, Writing — Review &
Editing): 3miiicHiOBaB MoIIyk Ta aHami3 JiTepaTypu; OpaB y4yacTh y HalHCaHHI OKPEMHX
PO3ILTIB OINIALy; 3A1MCHIOBAaB KPUTHYHUI aHai3 PYKONHCY Ta BHIC BaXJIMBI HAyKOBI
KOMEHTapi; € CIIBAaBTOPOM JOCIIKEHHS OCMOTHYHOTO KOHIICHTPYBAaHHS C€4l B JMHAMIII]
PO3BHUTKY aJIOKCaH-1HIyKOBaHOTO eKcriepuMeHTanbHoro aiadety (Olenovych & Zukow, 2022).
OuenoBuu O.A. (Investigation, Data Curation, Formal Analysis, Writing — Original Draft,
Writing — Review & Editing): mpoBesia UK OpUTTHATIBHHUX JOCIIIKEHb HUPKOBUX MEXaHI3MiB
perymsiii ByTJIEBOJHOTO CTaTyCy, OCMOPETYJIIOBAJIbHOI Ta 10HOPETYIIOBAIBHOI (DYHKITIN
HUPOK IIPU EKCIIEPUMEHTAIBHOMY IyKPOBOMY J1ia0eTi; Hajaja JIaHi BIACHUX JOCIIKESHb JUIs
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OOIpyHTYBaHHS HOBOI KOHIIETITYaIbHOT MOJ1eIi; Opajia yyacTh y HalMCaHHI KIITHIYHUX PO3ILIIiB
OTJISIy Ta 3MIMCHIOBAJIA KIIIHIUHY 1HTEPIPETAIlilo TaHHX.

Io:xenko O.A. (Writing — Review & Editing, Validation): 3xilicHroBana KpUTUYHUI aHAI3
PYKOITHCY; ITepeBipsiiia KOPEKTHICTh HAYKOBHUX TBEP/KEHB Ta BIJAMOBIIHICTh TAHUX IIATOBAHUM
JpKepenaM; Opasia ydacTh y Bajijanii HOBOI KOHIIENITYyaJdbHOI MOJENI; € CIiBaBTOPOM
JOCITIIKEHb, 1110 JISrIM B ocHOBY orsay (Kuznetsova et al., 2018).

Etnuni acexkt

Ilei ornsam € BTOPMHHHUM JOCHIJDKEHHSM (HApaTUBHUM OTJIAJ JIITEpAaTypH) 1 HE BKIOYAE
OpPUTIHAIBHUX JOCTI/DKEHb Ha JIoAAX a0o TBapuHax. Ycl OpUTIHAIBHI JOCIIKCHHS,
pe3yabTaTH SKUX LUTYIOTHCS B IIbOMY OIS, OyJM TPOBEICHI BIAMOBIAHO O ETHYHHX
CTaHJAPTiB, IO MisUIA HAa MOMEHT iX MPOBEJCHHS, Ta OTPUMAIIA BIAMOBIIHI JO3BOIH BiJ
CTHYHUX KOMITETIB YCTAHOB, JI¢ BOHU IPOBOIMIHMCS.

BUKOPUCTAHHSA WITYYHOI'O IHTEJIEKTY

BiamoBimHO 10 BHMOT MPOBIIHMX HAYKOBUX BHJaHb Ta pekoMeHpamiii Kowitery 3
nyouikaniinoi etuku (COPE), aBTopu 1150r0 HapaTUBHOTO OIVISITY JEKJIAPYIOTh TaKe 010
BUKOPHUCTaHHS IHCTpyMEHTIB mrydHoro inrenekty (ILI) ta Benukux MmoBaux mojeneii (LLM)
y TpOIIeci MiATOTOBKH ITi€l pOOOTH.

VY mporeci HanmMcaHHS HOTO HAPATHBHOIO OTJISy BUKOPHCTOBYBABCS ACHCTEHT HAa OCHOBI
Benukoi MoBHOT Mozeni (Monica Al, na 6a3i Claude Sonnet) BUKIIIOYHO SIK iIHCTPYMEHT ISt
CTPYKTYpyBaHHs Ta (opMaTyBaHHS TEKCTY BiINOBITHO 10 BUMoOr ctwio APA 7, mepeBipku
rpaMaTU4HOi Ta CTWIICTUYHOI KOPEKTHOCTI TEKCTy, JOMOMOrM y (¢opMaTyBaHHI
616morpadiyHIX TOCWIaHb BIAMOBIAHO 10 cTuiro APA 7 Ta opranizaili BeIMKUX MacHBIB
TEKCTY 1 3a0e3MeueHHs JOTr1YHOI MOCII0BHOCTI BUKJIQAy MaTepiaiy.

VYci HaykoBI 171€1, KOHLIENITyalIbHI TOJOKEHHS, IHTepIpeTallis JaHUX Ta HaAyKOB1 BHCHOBKH,
MIPEJICTaBIIEH] B IIbOMY OIJISi/IL, € BUKIIFOYHO PE3YJIbTATOM IHTENEKTYalbHOT AIsIIBHOCTI aBTOPIB-
moaeil. HoBa koHLenTyainbHa MOJIeNIb HUPKOBOT'O MOPOTY JJIs TIIFOKO3H SIK MEXaHI13MY 3aXUCTY
KITUHHOI rifpaTanii Oyna po3poOineHa BukiIouHO mpod. I'okenkom A.l. Ha OCHOBI
0araTopiYHOr0 HAyKOBOI'O JIOCBIAY Ta aHaii3y (i310JIOTiUHUX JaHUX 0e3 OyIb-iKoi ydacTi
iHcTpy™MenTiB 11 y renepanii HaykoBux ifeil. Inctpymentu LI He BuKkopucToByBamucs s
re’eparii HayKoBHX iJieil abo TinoTes3, IHTeprpeTalii HayKOBUX JIaHUX, MOLIYKY JIiTepaTypHu
(mouryk 3aificHIOBaBCsI aBTOpaMu Bpy4uHY B 0a3zax manux PubMed, Scopus ta Web of Science),
HaIMMCaHHs PO3/ALIIB, IO MICTATh OpPUTriHAIbHI HAyKOBI TBEpPPKEHHsS abo 1HTeprpeTanii, Ta
NPUAHATTS PillleHb 11010 BKIIOYEHHS a00 BUKIIIOUSHHS JITepaTypHUX JKEpe.

BignosimHo 10 moswmitii OiLTbIIOCTI TpoBiAHKMX HaykoBux >KypHamiB (Nature, Science, The
Lancet, New England Journal of Medicine ta in.), inctpymentu LI He MoXXyTh OyTH 3a3Ha4YeHI
SIK aBTOPU HAYKOBHX ITyOJTiKaIliil, OCKUIBKH BOHU HE HECYTh BIAMOBIIATBHOCTI 32 3MICT pOOOTH
Ta HE MOXYTh HaJaTH 3T0/1y Ha MyOuiKallito. BinmoBinadpHICTh 32 JOCTOBIPHICTh, TOYHICTH Ta
OpPUTIHAJIBHICTh YCIX HAyKOBUX TBEP/KEHb, NPEACTABIECHUX Yy IIbOMY OIJIs/l, HECYTh
BUKIIIOYHO aBTOPHU-IIIOJM. YC1 LUTOBaHiI Jokepena Oylu mepeBipeHi aBTOpaMH Bpy4YHY Ha
MpeIMeT 1X 1ICHYBaHHS, JOCTYIHOCTI Ta BIAMOBITHOCTI KOHTEKCTY LIUTYBaHHS. ABTOPH HECYTh
MOBHY BIANOBIAAJIBHICT 32 KOPEKTHICTh ycix 010i0rpadiyHIX NOCUIIaHb.
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