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Diabetic Kidney Disease

Nilobon Puntuwun, Kittrawee Kritmetapak

Division of Nephrology, Department of Medicine, Faculty of Medicine, Khon Kaen University, Khon Kaen

Abstract

Angiotensin-converting enzyme inhibitors, angiotensin Il receptor blockers and sodium-glucose cotransporter
2 inhibitors have become the standard treatment of diabetic kidney disease (DKD). Despite the efficacy of newer
drugs, the risk of progression of kidney disease, and cardiovascular morbidity and mortality remain substantial.
Overactivation of mineralocorticoid receptor has been reported to play an important role in the progression of
DKD and cardiovascular dysfunction through inflammation and fibrosis. Finerenone, a nonsteroidal selective
mineralocorticoid receptor antagonist, may contribute to cardiorenal protection with decreased risk of
hyperkalemia. Combining with the standard treatment, mineralocorticoid receptor antagonist has emerged as
a promising strategy in slowing the progression of kidney disease and lowering the risk of cardiovascular disease
in patients with DKD.
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15Alaa1ALUIMIU (diabetic kidney disease) wula
Uszanafesay 40 vesfihelsaumn Saduamgdidty
maamatﬁmkmlm%a%’q (chronic kidney disease, CKD) @
indnsn1sidedinanlsailanaznasnidon auyn
voslsavmmulutagtuiiuulinduiy Taswanisdisa
Tul we. 2561 wumunsesaz 11.6 wasiduaniveg
nsdeTinduduil 4' aandeyanisirdanaunulely
Uszindlng w.e. 2563 nuinlsaumanuduanvgnan
vaansUianawuleafsiesas 41.50° Tullagiu angiotensin-
converting enzyme inhibitor (ACEI) uwag angiotensin I
receptor blocker (ARB) \ugngumdnilivzasnisidon
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M\ dosmnilfiAnnslnunaidoulufengs uonaini
81ng3 sodium-glucose cotransporter 2 (SGLT2) inhibitor
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luidon wiii1aginsldeingy ACEl e ARB suiu SGLT2
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seueaaving (end-stage kidney disease) Dudinsruiud
Jdlegesluy aldosterone ufu mineralocorticoid
receptor (MR) 9gnszduliiinnisgandutiuasindous
lawardld vonanildfonu MR luwadeindunarsviln
Ifun wadnduniorils wadndunioSsuluntvaoniden
wadywanaeniden wadluifu uaswadilinideny1n da
nsnszdu MR luwadinaiaziliAnnssniauuag e
Tuideifofintuidmadesoln %la warveendon ful
%ﬁmiﬁﬂmmﬂdu mineralocorticoid receptor antagonist
(MRA) el lugaeTsalaaniuimiu Tnssngy MRA ¥in
afise8st 1Wu spironolactone galtudunannuiiiesnw
fthelsaanudulafings lsnvladumaidoss waslsaduuds
wazdagtudenguludvin MRA Alilvafososd wu
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nMsAnede UKPDS (The United Kingdom Prospective
Diabetes Study) wuinsesay 40 vesgUlelsAuivinu
viinfl 2 Mdusnuiuyszanu 15 Jegnunzdayiiui
lullganie (albuminuria) uagsesay 30 ddnsN1InTes
vaslasndt 60 fadans/wii/1.73 msamns fevay 40
vosgftrelsauvusiail 2 linensianunnzdayiui
Tutlaan: anmsdnwidtaelsaumnueied 2 Afnsnu
T 7.8 ¥ wunswdsundasnamelulassayiiuyse
(microalbuminuria) natetduniizuulasdayiuyie
(macroalbuminuria) $egay 31, nduduund (normoal-
buminuria) Segar 31 wazdemsiinnizlulasdayiuyie
Joway 38°

n1s3ladeneadinvealsalnainiuiniiu dunaeiag
soluil nramunnzualasdayiiuyde (urine albumin/
creatinine ratio >300 HadnTusoniuvesnsiefiiu) vie
nsranunnglulasdayliuyile (urine albumin/creatinine
ratio >30 Hladnsusiensuvesasiofiu) i Tsalumnu
W1veUsyaman (diabetic retinopathy) tlulsauinatu
¥iiafl 1 1uuegetios 10 T

Hadoidvmdnlunmaialsalannum Tdun def
UseRlsalnnniummuluaseuash lsauwmurnedangss
arudulafings lufuludengs dudiinaniogs uaznmyhio
ARBUYAY (insulin resistance) uennindateidesiidma
onsiniulsa Wy seduiiaaazaugs anzlusiu
Tutiaans uaznsquyvds® Taetadoidesdifianudfann
yandin Iiun seiuihaaludongauasanuiiadings

nsasadanseslsalainiuiminy wugihliiBungam
vdamidads 5 U luftaelsaummueidadl 1 uazasie
Frusisuidaduluduaslsavmnueiiadl 2 ndandy
msATIRamNYY° mansanuazdayiiuslutlaais
FAvUIIUdIsUTEaImMAIsYIsatuayun1 il
Balsanumvnu laenisasiadeanuanuiaunfiegielos
2 Tu 3 pdmdanfneuiinsutuegiation 3-6 Weu ua
msiivdaansluiaduiteUssiiunnesayiiuirludaans
N13053aN1emesIneved Ulslsalaainiuivanuagny
N15UUIAIVEY glomerular basement membrane f??ﬂLLGi
Tusgozusn SwAUNY mesangial expansion Wag hyaline
deposit luntdavaeaidenuarlnaiesda’ alsadads
agitlulylsalaainiuimudlenudnvugniendin
Featolud 1dun fornisuarernisuansveslsanusyuy
¥iindy, linuvmuidieeuszamanluguaslsaumnu

Ayl

Ta 1, 9nsN1snseavadlnanasinund, fn1e

Flutaanziiniuegesingy, danuduladngsiines
N5, § active urinary sediment %388nsIN15NT04
yailnanasuinnindesay 30 nelunal 2-3 Weunaansy

Tdenngu ACEl w30 ARB®

Renin-angiotensin-aldosterone system
Tulsalaainiumau

Renin-angiotensin-aldosterone system (RAAS) Sudiu
971 angiotensinogen fias1sa1ndugnioulss renin wasuy
angiotensin | Mé’dﬁnﬂﬁ?ul,aulsﬁﬂ angiotensin-converting
enzyme %ﬁmﬁ’rﬁwaﬂu angiotensin | Hu angiotensin
I FelUSuiy AT1 receptor wadnéuifodeulunilmasn
Henuazvaanladoy vibiinduiiannasadinasnizdu
nsganduluifiendile dwaiﬁmmﬁu‘[aﬁmqﬁu uenanil
angiotensin |l é’qiﬂﬂiw’jumiaé’w aldosterone 310
seumuanladuuen waz aldosterone 2gludufiu MR lu
lelnmandu udrgnaudadrlumeluiedeaiionssduly
WWansuansoanvesduluwaaiivuny (genomic pathway)
wona1nd aldosterone feaunsansedunisaadyayin
melumadlagnslddndudotodanisnssiu MR 32uAe
(nongenomic pathway)

Tuffthelsaummumuiinmgimaludongaaznasdu
Tiinnsada angiotensinogen Wag angiotensin Il Tulm
Wit e angiotensin Il §uffu AT1 receptor fisausuan
ntunenidanensedunisiauveseulssl aldosterone
synthase (CYP11B2) LLaSﬂi%(ﬁj‘uﬂﬁa%JN aldosterone
danalyi aldosterone gﬂéﬁyﬂuﬁﬂwkmmm’m WAzNS
Wiuduted angiotensin Il aznszduliiAinnisiaion
fiAnanoendindu (oxidative stress) 158N uaZN15A3
growth factor U19wila (transforming growth factor-p,
vascular endothelial growth factor) Fa AT receptor %
vihmthiinsedunisdnay Tuvaidl AT2 receptor azsimehil
Jaafunsuiaduveslalaonisdufinnzaieaiiinen
PONTATU MITNLAU wazaENOWINTE (apoptosis) NINTLHL
RAAS waz MR winAnunfidunalnddgiiviilviinnag
Sniavideauasieiinlule Fuilugnindonveslalulan
W’

31nn13AnwITNIInLansbiiuIIns1denguy
ACEl %30 ARB @ansaannisiinnnelusiusiluilaany
wazsrasnindonveslaldfslufvaedidunasliidulsa
wwulud wa. 2524 Fusiniswuusingnisal aldosterone
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breakthrough” Tugftaelsanimsiulafingsildongy ACE
Tagen captopril %umg&ﬁwmmamzﬁu aldosterone
Tuwanaanain 74 Wlandu/Aaans Wu 21 Wlansu/dadans
Tuszezna 1 e uwidlefnmudeludn 1 ¥ wuiisedu
aldosterone Tunanamnduiiindudu 165 Mansu/dadns
Tnediszsu angiotensin Il ldldfindu S5189umunniy
aldosterone breakthrough Uszanasouay 40 “U?J\‘iéjﬂw
Tsawvuaiiadl 2 wdeanldduen trandolapril uu
40 dUa9i (s¥Au aldosterone 112.0+18.7 wa 53.2+15.1
filan3u/dadns luguaeiifinazlsifinig aldosterone
breakthrough muaau) viliAuansalunisannig
Wsfusalulaanzgadslulugiiefiinn1ne aldosterone
breakthrough FavilwiSuiinisfnuweniitieannizdenann
finsmaassliien spironolactone wu1n 25 faansumneaiu
WisuiisuiunsltemasnlugUaeiilesueinau ACEl
3o ARB agudd Wedamuluum 1 U wuiinguitlaiuen
spironolactone $audeiilusiuslutiaanzanasogradive
A eadAuazinisanaiesnsn1snseweadlntioenia
nauildsuevaen oedlsAnminguiiléiuen spironolactone
fuefsrdulnmadenludengedude lunsfnuinu
FitugTUYBI3EAU aldosterone Tugfthefimdiiusiuny
qmmﬁumm’;ﬂﬂiau%’ﬂuﬂaanzLLazmmmﬁﬂmﬂﬂﬁamaq
yosnglusiulutlaanzndinlden spironolactone 1

wiifivas aldosterone waz mineralocorticoid
receptor

Aldosterone 1uaifssosdsosluuvianislungy
mineralocorticoid %ﬂﬁ%ﬁﬂ’m%u zona glomerulosa U9
sounuanladunen wazdadreanideidodiuvansld
¢ N13mds aldosterone gnnsedulasanizlnuvaBougs
%39 angiotensin Il NUN19 RAAS Iuﬂwas%wmﬁﬂ aldosterone
v insgdunisdulnunai@ounazganduletioy
ﬁuaa@im&laﬂﬁnm distal tubule, connecting tubule Wag
collecting duct (“aldosterone-sensitive distal nephron”)
aldosterone Fsimthiindnlunisauauanuduladinuas
aunaruenwad e aldosterone Fuffu MR meluisad
2wLia aldosterone-receptor complex wazmdoudhadly
Tudpdealudusiuiduediufiisenin slucocorticoid
response element LLé’?ﬂiw’jumzmums transcription
denaliiinisuanseenvesduiiniuaunisains transporter
w30 channel Tunaenladeos Taedl principal cell veq
collecting duct laRgnag UL IEaaN1e amiloride-sensitive

epithelial sodium channel (ENaC) LLﬁzIWLWlﬁLS?IEm%Qﬂ
YUAIDINUBNWAANS renal outer medullary potassium
channel (ROMK) figinu apical membrane I%Laangﬂ@m%m
Wdsanelag Na'/K'-ATPase fifu basolateral membrane
A9V ENaC, ROMK wag Na*/K -ATPase finudunus
Fefunaziu uazgnnszdulae aldosterone’ wonaini
aldosterone Saanansansziunsadislelnladiiviiliin
n1sdniaukaziaslaluln ile wasvaeadenls Tufuae
CKD wui1 aldosterone @unsanseAun1stulnunadey
gondigldlngdrulaasuifiorissnuisesulnunaidey
Tudenlvin

s¥#U aldosterone figefiaruduiiusfunisifiuty
vosdnrmadeislufaslsailane@osuaslsand
delavadon ufvae ckp Afinsvinuveslaanag
$owaw 50 MuUsEeU aldosterone geaulasfiszaulnunade
uaz renin luidenegluinasiund FanseduliiAnteialule
9INMIANYINAVDY aldosterone faNTUIARUVDIINIA YA
(podocyte) We3197191AA9N aldosterone nsedulsfiAn
m’mﬁuiaﬁmﬁqa daalianudululnauesdags wag
Aan1suiniuredlnawesad uananil aldosterone @wnsn
nszdu MR Tulwlaledlilaense dwaliAnnzieieniiin
neendadu nlusiusalutaanng waziedialule
diutu dadunisnsedu MR Tne aldosterone Fufuilade
ddyiinseduliiAnnmyladoms ity

MR fanuaunsalunisduiu aldosterone wag cortisol
adneadatuusidosnnlunseuaideniiuiuin cortisol
1111n31 aldosterone 100-1,000 win ¥l cortisol Fufiu
MR launnnan aldosterone agnslsnnmnieluladioulsd
11B-hydroxysteroid dehydrogenase type 2 (11BHSD2)
vimiadsu cortisol Tfnateidu cortisone Fudu
wunveladiilifgninedanin’ uennnvaenladesuda
MR anuluwadynivasnden Inlalyd lnlusuanad was
wadindonu Savadivanis MR uslsifioules 11pHSD2
lwadliamnsadeu cortisol Tnanewdu cortisone
danalyl cortisol anunsansyAuNITYieIuYes MR Tuwad
Aananald n19¢ aldosterone @auazNISNTEHAU MR 1INRAUNG
sziliAnnsdniautesuasieialule dmaldnisiuiu
Tsalgarniumwmiudieuguusafingu®

nsuansoanved MR Tulaudsesnidu 2 Ussian fe
classical tissue expression of MR wulu aldosterone-
sensitive distal nephron Iaewusauduleulesd 11BHSD2

uaz non-classical tissue expression of MR wulu mesangial
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cell, nlaled wavwaduianelulnawesda walinuieules
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m’sn'izél:u mineralocorticoid receptor
unaunlulsalaainuInaIu’

MR 1JusaSuves aldosterone, cortisol Lag progesterone
Fegeluumaniannsoduiu MR IalndiResiu uay proges-
terone §3AU1T0AIUNITIINNIUTOY MR loudIunIe MR
Aldliduivsosluuazey nolulslnnardulag saudaiy
heat shock protein 90 iaifiuAnuadss d1u MR fiduiu
gosluuudrvzgnnszduliiadeudroanlalymardudly
Tuflnpdeadiielu§uiu glucocorticoid response element
uEINTTAUNTTUIUAS transcription ol (UM 1 uag 2)

nynAassRfiingNnses MR 9ziinn1izgydoinde
wsUSuauneenmslaane anglnunadenluiiongs

267U renin/aldosterone lunanauiiiniu wasdedinngly
1-2 SUnindsnaen' Fananszdu MR dulnniinade ENaC

ADIPOSE TISSUE

RETINA
. obesity
Retinal edema

Neoangiogenesis

]

i cortical collecting duct Imamqu\humiﬂizﬁu serum
and glucocorticoid-regulated kinase 1 (SGK1) o8 TGF-p/
SGK1 pathway Sunuwmdfysenisiiansinlule
finsAnwIAUENRUGIZIN Ras-related C3 botulinum
toxin substrate 1 (Rac1) wag MR lag Racl Juteulysd
Tungy GTPase flanunsanszdunsinuves MR llag
liiflsenAe aldosterone N13n3zAL Racl WWN1a Racl/PAKL/
p38/p-catenin pathway TulwlalesvinliiAnaudaunf
U4 actin cytoskeleton wag slit diaphragm sudafiunney
Tsfuiluilaansuasiarialuld anzdanaludengs
A10139N52AUNYINUVee Racl Tulnlaleduay mesangial
cell wenaniinisliansduds Racl Tudmivnassanunsa
ann1sinnelusiusilutaanzuasussimanendanin
voalnawegdald™ egalsAnudeasenisAnuiisds
Tuuywdiflefuduunuimveanisnszdu Racl luwadle
Tooidoin1sduds Racl azdawannisnszdu MR waz
yraonsialsalaaniumula

\\
SKIN

CIE
Epidermal atrophy

/

S.

MR antagonist benefit for:

o, ‘
IMMUNE CELLS

& l
HEART -

Heart failure
Myocardial
infarction

Atherosclerosis

Hypertension

BLOOD VESSELS
Vasoconstriction

Endothelial injury

inflammation

69

KIDNEY

N

hypertension
Ischemic insult

Glomerular injury

3U# 1 nzdenalauseleviainnsld mineralocorticoid receptor antagonist

fiun: FauUasan Jaisser F, et al. Emerging Roles of the Mineralocorticoid Receptor in Pathology: Toward New

Paradigms in Clinical Pharmacology. Pharmacol Rev. 2016;68:49-75.”
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Aldosterone AA

MR and CYP11B2
Express in Kidney

v Local Production

v v of Aldosterone
.,-r"-;_ﬂ-

Diabetes milieus
-
Oxidative Stress

adrenal

-

Racl
ac Transcription
|" ~ MRNA \
Ligand-independent SGK-1/TGF-B/NF-KB/ROS

MR activation

/7 1\

Fibrosis Oxidative stress Apoptosis
Inflammation

Renal injury

JUN 2 nalnnisnsgdu MR Tulsalaanniuivay

ilo aldosterone Furiu MR lulglnwanduudasgnuudsdlululinndeauassaudanu HRE NBwdwune vliAnnszuiunis
transcription wanNilnidl CYP11B2 FanseAunisasie aldosterone deralyl MR gnnsedusndnunfnasinliinniseniay
wagaRalule uenanilnmsihmaludenganznsesunsvinguved Racl Faawunsansedu MR lalaglidesede aldosterone

Age HRE, hormone response element; MR, mineralocorticoid receptor; NF-BB, nuclear factor kappa B; Racl,

Ras-related C3 botulinum toxin substrate 1; ROS, reactive oxygen species; SGK1, serum and glucocorticoid-regulated

kinase 1, TGF-B: transforming growth factor-beta

fiun: fawUasain Kawanami D, et al. Mineralocorticoid Receptor Antagonists in Diabetic Kidney Disease. Front Phar-

macol. 2021;12:754239.°

n151% mineralocorticoid receptor antagonist
Tulsalaanniumanu

f5reulul wa. 2544 wudnisldengy MRA 93
Josfulsalannuimnuludninaasddd ndeenidu
finnsfnwdruausnnifeafuunuinues MRA lunisan
amzlsfusluilaanzuazvzasnsidenedls Tutlagiu

finsduun MRA eenidu 2 vfin (esit 1) THun MRA
wfinalfiosoun (steroidal MRA) lauA spironolactone uay
eplerenone waz MRA flallvalfiusesn (nonsteroidal MRA)

4 U
lﬂLLﬂ finerenone, esaxerenone Loy apararenonem
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M990 1 Wisuilsudeunndnswadengu MRA silnafiesesnuasldlvaiiusesn

Spironolactone Eplerenone Esaxerenone Finerenone
gy GIEEERI aiiuson Lilvaiesosn Lilvadesaun
A1A39T3n 14-16 Halus a-6 s 18-25 alus 2 2l
N13N3¥AYA7 1o > la o > la o = la o = viala
nadnaLhes amelnunadelubongs AMElnuvade Amglnunades Amglnunaides

amzsulalumneagg Tuidengs TuiFenge luidenge
ANz ABNANTION YL
AgUszIsauiaUng

*pURn15alRINI18INGY MRA Flinaidiesess

fiwn: FauUasarn Kawanami D, et al. Mineralocorticoid Receptor Antagonists in Diabetic Kidney Disease. Front

Pharmacol. 2021;12:754239.°

Mineralocorticoid receptor antagonist
D ERIGRERIL]

finsfnwinudn MRA aunsatesfunisideuuntas
Tnssafranazmsviauiiiaunfveslalunynaasafidu
Tsawwurdad 1 way 2 16 wiluneeddndnadiades
Afeafiasziafe naglnunaBougelnoanizlufiooid
Snsnsnsesedlasiini 45 faddas/uni/1.73 maaues
wazgtaelsaumniuiosaniinnzuadugduuas hypo-
reninemic hypoaldosteronism aguda" MRA ¥llnaifesags
Afitoyan1sAnwiniandiin leun spironolactone uay
eplerenone lag spironolactone gﬂé’uwmﬂwﬁmwﬂ
Imﬂﬁiﬂﬁﬁa%'wﬁugmmmﬂ progesterone 81 spironolactone
weeduiu MR fisuvtiadionu aldosterone wazdsanusn
ﬂiw’jumiﬁwmmm progesterone receptor WAYAIU
N1591191U83 androgen receptor taeg lAARNaT LAY
Ifun azduilelumars nzdeNaussnnInniane
wazn1EUsEINABURAUNA 81 spironolactone aanqwé
Hunalnraneyusenis loun ann1saeuss mesangial cell
WUV Wnt pathway, am plasminogen activator inhibitor-1
(PAI-1), Jaafunisuiaiuselnlaleduiunianisan SGK1
uaz NAPDH oxidase, ann1iuanioanuas CYP11B2 mRNA,
an integrinBl waziiy integrinB3 wiedestunisinane
lassasaveddnlalyd, nszdunszuIun1s autophagy lag
n3efuds PI3K/AKT/mTOR pathway® sdslesiunisnseiu
Ilusuanadlulariunig platelet-derived growth factor
WAz connective tissue growth factor'® in1sAnunluny
fignnszauliAnlsalumuseen streptozotocin wuin
n1519e1 spironolactone WU 4 &A% auTnannIsazEu

vpsnoaanaukazllusiun@u (fbronectin) Tumlauagln®
smdanUIuNal macrophage infiltration, PAI-1 Way TGF-B
Tuiedelald wasinmumussanssueghadussuures
MUATEF U 16 N3ANY AU spironolactone
Tugvaslsalaarniumnuilld$ueangy ACEI wie ARB
9gUaY WUIE1 spironolactone awsnanANdulaiin
waznzlusiusilutaanzld uiiuanudssonisiin
amglnuna@enludonas”

dmfuen eplerenone fignAunuiindsdiaiudimy
#a MR 11nn7 spironolactone Sstanldfuagaunsvans
lunisinwanuduladingauazn1iziilanig uanNi
¥1 eplerenone §3@111508ATAIINITLETINWEI21N
finnzilanadendeerainangriveselunisan
waiielundranieala nslien eplerenone lumyaninsn
annsiAnwaiialulan1unissudanisrinauves TGF-,
annsiinnzlusiusaludaaslnedestunisuiadu
aalnlalyd ﬂﬂsﬁﬂwﬂuwﬁlé’%’umsﬁmlmlﬂ 1 198872
1§5unn3dn aldosterone ndsanlifen eplerenone WU
asnannlusiudilutlaanglasannisvhauves SGK1
Tulnlalyd,* n1sAnwlununuinsliien eplerenone Tauy
ARB anansadfudantsuinusielnlaled uavann1ivlusiug
Tudlaaneingliduiunisanausulasin®® uazinnsanw
Tuguhelsarmnnunied 2 Swfvausulafingsdiuiy
75 518 Tapnun1slaen eplerenone vwn 50 daansu/iu
$2AU ramipril W1 10 faansu/iu awnseannnzlusiu
Sludaanzuaranuiulaialduinniinislden ramipril
o eplerenone egnadienilofianalluuy 24 Uani®
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Mineralocorticoid receptor antagonist
nhilyaiasoun

gngu MRA wilnafiesesdiinafsielauaziilauddaiing
thadssiinuldves Jaimsiauneings MRA Mlilvaifosend
%aﬁmmmmﬁwwaﬂumsaaﬂqw%‘mﬁu @A Finerenone,
Apararenone ua¢ Esaxerenone fiflnadnafissanas iuan
nafinnnelnunadougs Taserdinanszagludodols
wazlalndiAsaiu luvngiioingu MRA vilaaifososd
finmsnszaneludiedelnmnnninila (6 whdwmsuen spirono-
lactone, 3 Wind1m¥uen eplerenone) MRA filalldaiiiusesd
fififeyanisAnwivanain fe Finerenone’

Finerenone

Tuanzund MR agiieusaudulannnnesudiing
AENIEUIUNTT transcription Tudiedua lagengu MRA
wilpafgseunaunsaduiulauninesuagdaiinisnsedu MR
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