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ABSTRACT
The development of chronic kidney disease (CKD) is a risk factor not only for the formation of
cardiovascular diseases, but also for chronic heart failure (CHF). The article is a literature review on
the problem of the use of sodium-glucose cotransporter type 2 inhibitors (NGLT2) in patients with
CKD and CHF. The article presents in detail the mechanisms of action of NGL-2 inhibitors in the
light of reno- and cardioprotection. In addition to the glucosuric effect of NGLT2 inhibitors, they
have a natriuretic and diuretic effect. One of the effects of NGL-2 inhibitors is the ability to lower
blood pressure. Another effect of NGLT2-2 inhibitors, explaining their renoprotective effect, is the
effect on glomerular filtration.
Keywords: chronic kidney disease, type 2 sodium-glucose cotransporter inhibitors.

IIynarosa HI.X.,
Tomesa ®.A.
Byxapckuii rocy1apCTBEHHBIN MEAUIIMHCKA HHCTUTYT

HOBBIN MMOIXO/I JEYEHUE JUABETUYECKOM HE®POIIATHUU C CEPJEYHOM
HEJOCTATOYHOCTbBIO

AHHOTAIUA
Pa3Butune xponnueckoii 601e3nu nouek (XbII) sBisercs pakTopom prcka He TOIBKO (GOPMUPOBAHUS
CepJICUHO-COCYTUCTBIX 3a00JIeBaHUM, HO U XPOHMUYECKOH cepaeuHoil HenoctarouHocTH (XCH).
CraTtpsi mpexacTaBisieT cOOOW JUTEpaTypHBIM 0030p 1o mnpoOsieMe NPUMEHEHHs MHTHOUTOPOB
HaTpuii-rioko3Horo korpancnoprepa 2 tuna (HIJIT2) y Gonbubix ¢ XBIl u XCH. B cratbe
JEeTalbHO TNpeAcTaBieHbl MexaHusmbl jedctBuss HIJIT2-unruOutopoB B CBETe peHO- U
kapauonporekuuu. Ilomumo rmokosypudeckoro s¢dexra HIJIT2-unruébutopoB oHu obianarot
HaTpuilypeTuueckuM M auyperndeckuMm 3ddexroMm. Onnum u3z s¢pdexkroB HIJIT2-unrudburopos
SBJIIETCS CIIOCOOHOCTb CHMXKATh aprepuayibHoe aasiieHue. Jpyrum sddexkrom HIJIT2-2
UHTUOUTOPOB, OOBACHAIOIIUM HX PEHO-NPOTEKTUBHOE JIEHCTBUE, SBJSETCS BIMSHME Ha
[JIOMEPYJISIPHYIO (PUIIBTPALIMIO.
KuaroueBble  ciaoBa:  xpoHuueckas  0OJe€3Hb  MOYEK, UHTMOUTOPHI  HATPUH-TIIOKO3HOIO
KOTpaHcIopTepa 2 TUIa.
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IIynarosa HI.X.,
Tomesa @.0.
Bbyxopo naBnat THOOMET UHCTUTYTH

IOPAK ETUIIMOBYUNJIUT'U BUJIAH JUABETUK HE®POITATUSAHU JABOJIALLJA
SHT'U EHJAIIYB

AHHOTAIUA
Cypynkanu Oyiipak kacasmuruaudar (CKJ) puBokinanumy HadakaT IOpPak-KOH — TOMHP
KaCaJUIMKJIAPUHUHT IIAKJJIAaHUIIN, OalKu cypyHKainu ropak eTummMoBumianru (UP) yuyH xam xaBd
omunuaup. Makona CKJ] Ba U® 6unan orpuran 6emopiap/a HaTpU-TIII0K03a KOTPAHCIIOPTEP TypU
2 uaruduropnapu (HI'JIT2) nan ¢oitnananuin myamMmmocu Oyiinua agaOuétiapHu Kypuod YUKUIIND.
Maxkonana HI'JI-2 MHruOUTOpIAapUHUHI PEHO - Ba KapAMOMPOTEKIUS HYpHUAAa TabCUP KHJIUII
Mexanusmiaapu Oatadcun kentupunarad. HIJIT2 uHruOGUTOpIapyHHUHT TIIOKO3YPUK TabCHUpPUIAH
TalIKapy yJap HaTPpUYpPETUK Ba JuypeTHK Tabcupra era. HI'JI-2 uHruburopiapuHuHT TabCUpUIAH
Ooupu KoH 6ocumuHM nacaitupul koounuatuaup. HI'JIT2-2 uHruburopaapyuHuHT peHOIPOTEKTUB
TabCUPUHU TYLTYHTUPYBUHU SIHA OUP TabCUPH IIIOMEPYIISIp QUATpalusira TabCUp KUIAIH.
Kaaut cy3nap: cypynkanu Oyiipak Kacauturd, 2-Touda HATPHUH-TIIOKO3a KOTpPaHCIOpPTEp
WHTUOUTOPIIAPH.

Introduction. In the case of the development of chronic kidney disease (CKD) in
cardiovascular diseases (CVD), chronic heart failure (CHF) 1s formed more often and proceeds more
severely [1]. Conversely, the development of CKD is a risk factor not only for the formation of CVD,
but also for CHF [2]. It is urgent to search for new medicinal approaches to the management of
patients with CHF, including in the case of CKD. It has been >30 years since the studies using the
natural glycoside florizin in relation to models of diabetes mellitus (DM), which demonstrated its
glucosuric effect, and later the ability to block the receptors of sodium glucose co-transporter types 1
and 2 (NGLT1, 2) [3]. Currently, a large number of compounds from the category of NGL-2 inhibitors
have been approved for use in clinical practice, including those approved in the USA and Europe:
kanagliflozin, dapagliflozin, empagliflozin and ertugliflozin, as well as those approved in Japan,
ipragliflozin, luseogliflozin and tofogliflozin, in India — remogliflozin Mechanisms of action of
NGL-2 inhibitors in the light of reno- and cardioprotection Normally, in a healthy person, ~ 180 g of
glucose is filtered daily in the kidneys, while its almost complete reabsorption (~ 99.9%) is observed.
Up to 97% of glucose is reabsorbed in the proximal tubule in its initial part, where most of the NGLT2
1s concentrated, the remaining part is reabsorbed in the final part of the proximal tubule using NGLT1
transporters [4]. In the case of diabetes, glomerular filtration of glucose increases significantly, but
this is accompanied by an increase in its reabsorption to 600 g/day. [5].

In addition to the glucosuric effect of NGL-2 inhibitors, they have a natriuretic and diuretic
effect, which is manifested by an increase in urine volume by about 300 ml / day. during the first 2-
3 days and returning to the initial level of diuresis for several weeks due to the restoration of the
sodium-water balance. Diuresis with the use of NGL-2 inhibitors increases both with euglycemia and
to a greater extent with hyperglycemia, and also remains elevated with CKD stages 3-4, CHF and
acute heart failure (HF) [6].

A decrease in plasma volume during therapy with NGL-2 inhibitors occurs by about 7% (5-
12%) by the third month of treatment [7]. Normally, NGLT2 is responsible for the reabsorption of
~5% sodium in tubular urine, whereas with DM, the volume of reabsorption increases to 15%, which
is explained by an increase in the expression of NGLT2 and NGLT1 in the epithelium of the proximal
tubules [8]. Thus, the blockade of NGLT2 is accompanied by natriuresis. Moreover, NGLT2
inhibitors can also affect the sodium-hydrogen exchanger isoform 3 (NHE3) in the proximal tubules,
also reducing sodium reabsorption [9]. The effect of NGLT2 inhibitors on NHE3 can be explained
by the close functional and organic relationships of NGLT2 and NHE3 [10]. In experimental models,
it was shown that the use of the NGLT inhibitor florizin significantly increases the excretion of
sodium and HCO3- in the urine. These data are consistent with the data of stationary microperfusion
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of the proximal tubule in vivo, in which the addition of florizine to the luminal fluid sharply reduces
the activity of NHE3 even. This indicates that the effect of inhibition of NGLT cannot simply be
mediated by an osmotic diuretic mechanism induced by luminal glucose. Moreover, using
immunofluorescence experiments, it was shown that NGLT2, but not NGLT1, are expressed together
with NHE3 on the apical membrane of the epithelium of the proximal tubule [10]. In addition, the
literature data indicate the existence of a multimeric protein complex in the proximal tubule of the
kidney, including 2 transport-frame proteins PDZK1 and MAP17 [11-13]. It has been shown that the
MAPI17 protein directly interacts with NGLT2, which is necessary for the realization of the NGLT2
transport function. The MAP17 protein, in turn, interacts with PDZK1, which directly interacts with
NHE3 [12].

This indicates that the effect of inhibition of NGLT cannot simply be mediated by an osmotic
diuretic mechanism induced by luminal glucose. Moreover, using immunofluorescence experiments,
it was shown that NGLT2, but not NGLTI, are expressed together with NHE3 on the apical
membrane of the epithelium of the proximal tubule [10]. In addition, the literature data indicate the
existence of a multimeric protein complex in the proximal tubule of the kidney, including 2 transport-
frame proteins PDZK1 and MAP17 [11-13]. It has been shown that the MAP17 protein directly
interacts with NGLT2, which is necessary for the realization of the NGLT2 transport function. The
MAP17 protein, in turn, interacts with PDZK1, which directly interacts with NHE3 [12].

One of the effects of NGL-2 inhibitors is the ability to lower blood pressure (BP). Systolic
blood pressure in patients with type 2 diabetes and hypertension decreases on average by 3-5 mmHg,
diastolic — by 1-2 mmHg [14]. Moreover, this effect persists in full in patients, despite a decrease in
renal function [15]. One of the key effects of NGL-2 inhibitors, explaining their renoprotective effect,
is the effect on glomerular filtration. By means of NGLT2, not only glucose is reabsorbed, but also
sodium, and in the case of NGLT2 blockade, the sodium concentration in the primary urine increases,
which causes an effect on the juxtaglomerular apparatus (macula densa) at the level of the distal
tubule. This, in turn, leads to the release of adenosine triphosphate from the cells of the
juxtaglomerular apparatus, which is cleaved to adenosine. Adenosine acts on the adenosine Al
receptors in the wall of the adductor arteriole, which is accompanied by its contraction and a decrease
in pressure, as well as the relief of hyperfiltration in the renal glomerulus. To a lesser extent, the effect
of adenosine on A2 receptors in the diverting arteriole, the excitation of which is accompanied by
dilation of the vessel, has been shown [13][14]. The use of NGL-2 inhibitors is accompanied by a
decrease in the level of albuminuria. In a meta-analysis of 48 randomized clinical trials using NGL-
2 inhibitors for >12 weeks, including 50 thousand patients, a decrease in the ratio of albumin to
creatinine of urine was shown (weighted average difference -14.6 mg/g, p=0.006), with a more
pronounced effect in individuals with a higher initial ratio of albumin to creatinine of urine [12]. In
particular, it was shown to reduce the risk of developing microalbuminuria (relative risk (RR) 0.69,
p=0.032), macroalbuminuria (RR 0.49, p<0.001), progression of nephropathy (RR 0.73, p=0.012)
and the development of end-stage renal failure (RR 0.70, p=0.001).

In recent years, the focus has gradually shifted from hyperfiltration as an independent factor
of damage to the renal parenchyma to the proximal tubules. Hyperfiltration is considered as a factor
of increasing the functional load on the proximal tubular epithelium, which leads to its damage. And
damage to the epithelium of the proximal tubules can be considered as a key universal mechanism of
kidney damage not only in DM, but also in a number of other pathological processes occurring with
hyperfiltration phenomena. When using NGL-2 inhibitors, due to the relief of hyperfiltration, the
transport load on the proximal tubules decreases. However, a direct renoprotective effect of this class
of drugs on the tubular epithelium has also been shown

The ability of NGLT2 inhibitors to suppress the processes of peroxidation in the mitochondria
of the epithelium of the proximal tubules has been shown. Hyperglycemia in DM and activation of
the renin-angiotensin-aldostenorone system can cause inflammatory reactions, as well as
hyperproduction of reactive oxygen species in human proximal tubule cells, and these effects are
suppressed with the use of NGL-2 inhibitors [1]. Against the background of therapy, there is a
decrease in the expression of inflammation genes in the renal tissue and oxidative stress [2]. The anti-
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inflammatory effects of NGLT2 inhibitors are manifested in a decrease in the level of interleukin-6,
tumor necrosis factor in the blood, as well as nuclear factor-kB and interleukin-6 in the renal tissue
of rats with DM [3]

Since the action of NGL-2 inhibitors increases the reabsorption load in the lower zones of the
tubular apparatus, which traditionally consume and are provided with less oxygen, this leads to the
activation of HIF (hypoxia inducible factor)-dependent mechanisms for combating hypoxia, followed
by an increase in the production of erythropoietins and improved oxygen delivery to the renal tissue
[4]. This mechanism is also considered among the possible tubuloprotective mechanisms of action of
NGL-2 inhibitors. Therapy with NGL-2 inhibitors is accompanied by a decrease in leptin production,
as well as a decrease in fat deposition in the perivisceral, pericardial and perivascular space, which
may play a role in improving the course of metabolic processes [5]

The use of NGLT?2 inhibitors is also accompanied by a decrease in the level of uric acid in the
blood due to a decrease in the reabsorption of urates by the epithelium of the proximal tubules through
GLUTO9D [7]. In a large meta-analysis of 62 clinical trials using NGL-2 inhibitors, it was shown that
the level of uric acid in the blood decreased by about 35-45 mmol/l, while the effect developed rapidly
and persisted throughout the treatment period [8]. The cardioprotective effect of NGL-2 inhibitors is
explained by a number of reasons. Despite the fact that cardiomyocytes do not express NGLT2,
NGLT2 inhibitors are able to have a direct effect on cardiomyocytes by influencing NHE1. An
increase in its activity is shown in CHF, this leads to an increase in the concentration of sodium and
calcium in the cytoplasm of cardiomyocytes and may be associated with the activation of oxidative
stress of arrhythmogenesis [9] Accordingly, the use of the NGLT2 inhibitor empagliflozin in an in
vitro experiment demonstrated the ability to inhibit NHE1 in cardiomyocytes, reducing intracellular
levels of sodium and calcium [30]. Most cardioprotective effects of NGLT2 inhibitors are mediated.
Among them are the sodium-diuretic effect, a decrease in the number of glycation products with pro-
inflammatory and endotheliotoxic properties, normalization of carbohydrate metabolism and a
decrease in blood pressure, weight loss and a number of others [31]. The use of NGL-2 inhibitors is
accompanied by a decrease in the activity of the intrarenal renin-angiotensin-aldostenorone system,
as well as a decrease in plasma renin secretion [2]. Another proposed mechanism of organoprotective
action of NGL-2 inhibitors is their ability to restrain the activation of the sympathetic nervous system.
Sympathetic hyperactivity in the proximal tubule area is associated with impaired renal regulation of
glucose, sodium and water [5]. The argument in favor of this mechanism is that carrying out renal
sympathetic denervation in diabetic OLETF rats led to an improvement in glucose metabolism, which
was explained by an increase in its excretion in urine due to the suppression of overexpression of
NGL T2 [6]. When the sympathetic innervation of the kidneys was stimulated, an increase in the
activity of NHE3 in the apical membrane of the proximal tubule was observed, which was
accompanied by an antinatriuretic and antidiuretic effect [7]. In turn, in experimental models, NGL-
2 inhibitors reduce sympathetic activity in the kidneys and heart [8]

Thus, the cardioprotective effect of NGL-2 inhibitors in CHF is realized both through direct
action on cardiomyocytes and indirect action (diuretic, hypotensive effects, suppression of the activity
of the sympathetic nervous system, effective treatment of type 2 diabetes). The presence of NGLT2-
inhibitors of the renoprotective effect in conditions of CHF is the key to a beneficial effect on the
cardio-renal continuum. Results of studies using empagliflozin in CHF and CKD.

In a randomized, double-blind, placebo-controlled EMPA-REG OUTCOME study, the effects
of empagliflozin administered 1 time/day were evaluated. at a dose of 10 mg or 25 mg, compared
with placebo for cardiovascular events in adults with type 2 diabetes, high cardiovascular risk and
glomerular filtration rate >30 ml/min/1.73 m2 [9]. It was shown that in patients with type 2 diabetes
and concomitant CVD, the use of empagliflozin led to a 35% reduction in the risk of hospitalization
due to decompensation of CHF, as well as (in subgroup analyses) to an improvement in a number of
CHF outcomes, such as the risk of the first administration of loop diuretics, the risk of re-
hospitalization due to CHF [4]. There was also an early and sustained relative reduction in the risk of
cardiovascular death by 38%, regardless of the initial kidney function. In patients with type 2 diabetes
and CVD, empagliflozin treatment resulted in a rapid 59% reduction in the relative risk of developing
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or progressing nephropathy, 44% relative risk of. It should be noted that the positive effect of
empagliflozin on cardiovascular mortality and cases of hospitalization due to CHF persisted
regardless of the presence of such CVD as HF [4], atrial fibrillation [2] (Bohm M, et al., 2020), kidney
disease [1], as well as ongoing hypoglycemic therapy [40]. Empagliflozin continues to be studied in
the EMPOWER clinical research program, which includes patients with HF, CKD, and myocardial
infarction. Thus, the results of the double-blind placebo-controlled EMPEROR-Reduced study were
among the first to be obtained, in which the effect of empagliflozin at a dose of 10 mg was studied in
patients with a reduced ejection fraction (EF) compared with placebo. The study included 3730
patients of average age 67 years, 24% of them were female, 75% with CHF 11, 24% — III and <1% -
IV functional class according to the NYHA classification. Half of the patients had a history of type 2
diabetes, 73% had left ventricular LV of 30% or less, 79% had a level of N—terminal propeptide
natriuretic hormone of at least 1000 pg/ml, 48% had an estimated glomerular filtration rate (¢GFR)
<60 ml/min/1.73 m2, and almost 20% of patients received sacubitril/valsartan [43]. It is important to
note that the researchers had planned in advance the inclusion of severe patients with a left ventricular
fraction <30%, or hospitalized due to decompensation of HF during the previous 12 months. or having
high levels of N-terminal propeptide natriuretic hormone, as well as eGFR >20 ml/ min / 1.73 m2.

The primary endpoint (cardiovascular mortality or hospitalizations due to CHF) was 25% less
common in the empagliflozin group compared to placebo, and primary or repeated hospitalizations
due to CHF were 30% less common [3]. It should be noted that the positive effect of empagliflozin
on the primary endpoint was observed regardless of the presence or absence of DM, initial renal
function, basic intake of mineralocorticoid receptor antagonists or angiotensin receptor inhibitor —
neprilysin.

One of the secondary endpoints was the dynamics of eGFR reduction throughout the study.
The difference in the magnitude of eGFR reduction in the empagliflozin group compared to placebo
was 1.73 ml/min per year (p<0.001) in favor of the NGLT2 inhibitor. Empagliflozin therapy in
patients with CHF reduced the risk of developing a combined renal endpoint by 50% (initiation of
renal replacement therapy, kidney transplantation or detection of a stable decrease in eGFR >40% of
the baseline) — RR 0.50 (95% confidence interval 0.32-0.77).

It is worth saying that according to the results of EMPERORReduced empagliflozin showed
a favorable safety profile, since no cases of ketoacidosis were recorded, and the frequency of
hypoglycemia was comparable to placebo. In addition, there were no clinically significant differences
with the placebo group in adverse events, including hypovolemia, hypotension, impaired renal
function, hyperkalemia. The results of this study open up additional prospects for the use of
empagliflozin in patients with CHF without DM, including those with reduced renal function and
regardless of the use of a number of drugs for basic therapy of CHF.

The results of the currently ongoing EMPAKIDNEY study involving adult patients with
confirmed CKD should be expected within a year. This study examines the renoprotective and
cardioprotective efficacy of empagliflozin in patients with GFR >20 ml/min [4]. Obtaining
information about the effect of empagliflozin in this study will provide additional information about
the effectiveness of the drug in patients with CKD and CHF.

Conclusion: NGLT2 inhibitors have a number of direct and indirect cardio- and
renoprotective effects that ensure the effectiveness of their use in CHF, including in patients with
CKD. The results of studies show that empagliflozin is effective in reducing the risk of cardiovascular
death and hospitalization due to HF in patients with type 2 diabetes and CVD, and these effects persist
in various subgroups of patients. In patients with HF with reduced LV, empagliflozin also showed
efficacy in reducing the risk of hospitalization due to HF and cardiovascular death, as well as slowing
the decline in kidney function compared with placebo. Thus, empagliflozin prevents the progression
of CVD in patients with type 2 diabetes, with HF with reduced LV, regardless of the presence of
diabetes, providing a holistic approach to the treatment of patients with CVD. Empagliflozin
EMAGLIV research program will expand the range of its pharmacological effects in patients where
modern therapy has serious limitations
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