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Effect of canagliflozin on heart failure
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[ Abstract]Canagliflozin, an active small molecule sodium—glucose co—transporter type 2(SGLT2) inhibitor,become a hot topic to treat
diabetes mellitus because of their unique mechanism. Canagliflozin not only decreases plasma glucose level and HbAle,but also has
some exira therapeutic benefits,such as losing the body weight,lowering blood pressure,suppressing inflammatory response and
improving cardiovascular outcomes,so as to suggest its direct or indirect protective effect on heart failure. Heart failure is one of the
most common end—events of diabetes mellitus,which brings a promising application in heart failure. This article reviewed the possible
mechanism of the effect of canagliflozin on heart failure.

[Key words ]diabetes mellitus ; sodium—glucose co—transporter type 2 inhibitors ; canagliflozin ; heart failure

H A, 2EREEINZAHA 111 BB N BA R, 2019
TR FERME PRI ABCH 1.16 12, A7 JEHEFLEE 0, BEIRIR
SE— 2L 2 R R A | LA P o XA A SRR A A GOk 0
P JBR 5 2R A R () R BB 5 RS o YRR DRI (R 25 ) Rl s
B MRS R WU GRS A SN2 | o4 5 1 il
kil ) EMs e RIS AT A AR SO R T R S AT AR AR W
HI GLP-1 SZARBLSIH DPP—4 BEHIMHIFI 4% , R N
O FEAMIRE S 2 AR I F A3 S i R U
il A A A el T ol SR A R T v I 2 A3
I InAME AR A, HON 2 A 2535 i
A P 5 D e e el 00 I A 25 R AR AT R, A7 S FE 2 ]
{EENLB: 41 &9, Email : hzm17683813995@163.com,
R Tr 6y F AT F s M Ha

BIE1EH : Kok %, Email ; 21y982397@126.com,

EEWH:-BRAAFFLELTHAB (%5 .81860153) ;T i 4 %
FAELETHRB (45 :.GII180021),

5 H AR - hitps://kns.cnki.net/kems/detail/50.1046.R.20200610.1707.054.html
(2020-06-11)

REI Ao L S RIS 221, i — ] 2 0 I3 [ iz 2 11 -2
(sodium—glucose co—transporter type 2, SGLT2) 1 il 57 J& —
FHXTRSHT B BT e MBS DS 258, FAT R B % g/ AUB: - 1,
FRIRFITAT Y SGLT2 410 il 751 47 J2 18 3ok BELUBTT ' JIFE SGLT2 32 4K
K 00 6] A 2 W P, LS LA SGLT2 SRR HE , R A%
G VX SGLT2 Y 128 8 1 AH X B8RS, i g 71 B ) 4 91 v
(300 mg) X4 —#] 25 A Bip 5] 4% 12 25 1 — 1 (sodium—glucose co—
transporter type 1,SGLTL) (MHIAE AL, SCLT1 Z 1k
TECo LA rh-dL AT S A0, 33X (A5 RA B10 X Ml PR S8 &
sl A PR R 1O T RE 2 ARSI o AR E AR G Y
5 PRI HE R 58 IR | 255348 1 6 471 45 % a0 g o 3 582 ) ) W)
REBILRD, LU R HI 258 2%

1 FRIEHZHIRIER

TEIEH MR B ARE D, B JIERE KL i 160~180 g
Wl (2 5 B H AR BRIBGRE 1Y 30% ) , 0T S/ INE F RSO TR



BERERKZFIR 2021 £5 46 5 2 #5 ( Journal of Chongging Medical University 2021.Vol.46 No.2 )

— 143 —

| 8 = 8 7 N € 18 o N E RS T o R [ S S e TR
Y A R U e K P A 4 B IR LT J) (the maximum glucose re—
absorption rate, TmG ) , T S EOHE JRAE®, #4410 £ sk 12

SR 3 B ST B NS B A MU — AL i B (Na/
glucose cotransporters, SGLTs) [ 4WA1 ATP [iff 8 18 JE1 7Y,

BAER ATP BFREAS B U v NE A Y 3 NN T B0
W [P 2 A8 DAl i A s B A8 s b B A — A~
BAESFURBERBRE . SGLTs I HIHA S -V BE R B2 7 A= 11 i 1 A
B /NVEE I Ak K MR s — AR AR 1 B i b,
JIES3 4 9 SGLTs = %/2 SGLT1 Al SGLT2 BiFp A, 4551

HXE SGLT2 Al SGLT1 HATSE a4 1], BXF SGLT2 Fe
A BRI RLA , HE SGLTL Al SGLT2 i # 4 (Ki) (.
515029 770.5 nm A1 4.0 nmP, RSS2 2 FRN (1S) -
1, SPR~1-C—[ 3~{[5-(4-FAHE ) -2-WE My 3k JHIJE |- 41

BRI D A, 32 2R RN D7 B mUK B 2 3
SR, BEA I I /NE ST B 1Y SGLT2, /90 % 11
b 4 26 W 1) AL, A A1 4 1 (remal threshold of glucose,

RTG) , 34 A pRMEHEE | AT R AR IR Je o i) A mr R 1
IRWFFE R , RAS NG AAL AT LABEAIS MW, 348 77 DL /b 32 72
O A AR A BE A8 35 1.0 ) 52358 (heart failure, HF) 1
PS03 2019 4E3E E R R 5 4 (American Diabetic Associ—

ation, ADA ) | 5 FUE IR 127 Hn YA AR 51 eV S W DR
B IO A BERGEFE O T 0 1 22—, BRI
il & AT AT LIS 2 (EXF 0 7 36 083 1 52 i B3 0 B Y
AR,

2 RIS 0N RBEIE XK R

I ROFFEUER T G0 ) 85 B AT 45 520
1T T RAR S 0 45 22 42 1K) CANVAS FFTENA 1 T 2
2 e O ML AU (R A DR R, B BAIL 23 A% 91
BRI, P REDT 188.2 Jl . WIS RIL, RA& S 2 A1
FERI AL R, O U SE T AR B PN 2 T AR
B tE O NUESE, BE—25 A B, RA S al 0 ) 2
FEBERBRAK 3390, XFE4F 2 BUPEIRIA (type 2 diabetes mel-
litus, T2DM ) f8 &0 MUE A AR S WIS 7, RA% 571
] LA HOO IR AE P bn i) N RS i —-B LA B K (N-ter—
minal pro-B—-type natriuretic peptide , NT—proBNP ) Fl = 85 jJL#5

5 I (high—sensitivity troponin I, hsTnl) B FHE1 #RHE B
1 FH A% 315 45 1L (blood pressure, BP) S BB,
SRR L, 7E T2DM AR S A BB 6 JTS Al
F-H4 24 h B MHIE , R A5 4 300 mg YT B BT T
HE AR T (systolic blood pressure, SBP)U 61 B3t 22 1 | 4R
PaRAEZ AT T2DM B R R XS HbATe AT SBP 224k
IIWFFERT , RS- RERE L T2DM B35 B4R ST & | Tk
A B TR TR 1114 25 H (hemoglobin Alc, HbAlc)
HSBPI, 1 XU T2DM A8 U D REFNBE A 552 1w Y T s
PEWFIE IR, RARSIERELE 3 /N1 MBI T2DM B 1 A2 %
g SR RN G Nz Aw O D T P TN
TRARGEXT T2DM 835G 0 S s 1A 42 520, (H 2 Bk
AXFEE T2DM SO 1052 e RIS, RIS BRAf S R &
GERT O E IR (A 4t 52 0 2 75207 T U8R 5 17 LR X
JIESSH AR (AT IE, B LA SR TS 2ETT R OC T-4E T2DM .0 Iy 3
iy SR Co IS 48 52 M AR AR DG I RIS (3R 1) o

3 RAEFIEEER O S R IEHY AT REAL

3.1 Fpdles g Ae b &G 4h SR H AR

HNE AL AR (Na/H* exchanger, NHE ) 2185 K 2 541 it
W pH R THaa &M, BE HT, C26E R NHE I
RUAAT 10 Ff, NHE=1 )32 534 7L 3400 9.0 L2
LA HLATE A pH AR, FE AR T NHE-1 J2 48
X1 AHTEARM P pH R (B & AR R g i ) BT , 3K
VAN Y Nadéhn, A&, DA NHE-1 %
Ik M Nar & SR 2 300 Ty a2 ui ™, i FRA T HR 43 iER
PR HERY NHE-1 A7 LA ANGIT 5 S 11900 28 AL JEE | KT
RELGEL> FI LU I 2 K J8?Y, Uthman L 352 BB A% 5114 AT
PIAHL O WUAMARAS - NHE-1 JBEARMIS H Nat i, mxut
HARFRUIRAR IS NHE-1 A7 R 80 252800, 33 Al 5 5%
WA DARESR O Ty g ) R A R e o AH: R AR A 2 15 e i
A IEMELO N By NHE-1 I8 C J) 505 55
BRI SEERIESE
3.2 A KIE A S BRI A AR AL

T2DM 1Y i Bl A5 2 25T Hoh =l IR B AR R
(high density lipoprotein, HDL) FURAL 2 & A5 2 H (low density
lipoprotein, LDL) S8 i JE.5%-35 , (235 T S0 1K KEBEBR 078

F1 FEIIESOARBBEXIGRTR

W

Al

M4 CANVAS 5
FAEFN G AR T2DM FR O MU AR bR S 1 S F 5
R HET T2DM AT = 1T R BAIFET

S0 TR AE BE R A 33%
FELE FR O L A AR ) NT-proBNP hsTnl (K7
FEAIS T2DM A5 90 1 35 19 1L

ARG T2DM J R B S B 288 RIS G RS FEIK T2DM B AP PRt B L 038 1 R I

FARGN AT T2DM 8O S RERIBE LA R K RTIS PR

3 T2DM (B3 70 2 &5 TR DI RE KoL JILREHE A




— 144 —

BERERKZFHR 2021 £5 46 5 2 # ( Journal of Chongging Medical University 2021.Vol.46 No.2 )

B, T H TR A A B O W PRI AL 2 ) (advanced
glycation end-products, AGE) FYTE it L K3 M 4 (reactive oxy—
gen species, ROS) [{ad J& 7= 4= 4% T 4% X F B (nuclear factor
kB, NF-kB) FALHA R SAE IR AR, i — P THOR T — i F2, 1
T X 2 I8 25 11 E (apolipoprotein E knockout mice, ApoE ) 3
PRI/ N BRI S48 AR S 4 L R AR B 2
EH-1 (monocyte chemoattractant protein—1, MCP-1) 71 IfiL
ML > T~1 (vascular cell adhesion molecule 1, VCAM-
1) 3R 3 ¥ 238 | I8 28 20 Kok RE AL Fy i Ji8 el /b s g
MLAE AT M, 5540, A& ST LA3E o {5 0 4 Jm A 1
it 1) 2 24 ) R - 1/ 57 43 J® 4 1 B -2 (tissue inhibitor of
metalloproteinases—1/matrix metalloproteinase-2, TIMP-1/MMP-
2) BRI N B ok ks A AR AL BB (AR R, A R R
W, A 5 2 BULTE AR IR 25 A 85 (4 (fatty acid-binding
protein 4, FABP4)7K-F-Jt 5 , i vl fE A F) T s koo ke i 1L
AR, BAR-RAR SN T T S KRR AL 1T 2 R
EnE It /I (N 8 R w5 TR &) S = R O R A [ E e
B RO T R R B LA LB S 3k ok
FEREACAHOCIFE R , HA SRR o PRI R A& S0 sl ikl i
PEAC AL I 19 A FIBILAR A0y 7 80 fp it — 2P
3.3 #7H) SGLTI1

JRAE SGLT2 T O WUAR AL IE i ARSI E] , {HSGLT1
TEN R BRI/ IS B IE R LA B b R0 T 25 3R, AR 0
JUUBIe L U TURE S o o3 4 085 O B O U o AT e - 91,
1E PRKAG 2 BA B B L /N RS RS H  SCLTT (93
FEARTT G EPTIRPE O UL AN A0 % 308, 2 SGLT1 1 363k
10 J S A, O U RIS | 200 % S v 3 B s,
Ah SGLT1 SN L4528 19 1 (sodium-myoinositol co—
transporter—1 , SMIT1) A EAEHZS T &I S a0 0
SR IS4 77 A T BEAE L 7 S S IS WL 381 1Y e 1, 240 e
FETHC B bl SR I PR, S0 SGLT1 7T R /b
LA PTG PR SR 72 A IR ) sl A T . - RAR S
UL SGLTT AR, AE A5 A8 BLHAE I 70 E A LA i
Y SGLTT DTS2 00 s ) 00 1) e A K B | it Bk — 25 5
B,
34 Hie

ST, K F RS A B0 8 R el il s A BRA 0 UL
REFETA, XA X TR R R R AT 2™, CANVAS
RASHTHEPENG ROFFE o, RA% S mT LB i s /D b A6
H CELAE AR O LA 14 £ ) 14O LA IRURR 1, ik i
TR GG AT REFT LU T a2 ) — GO By, A& 504
B T AR MM 2 A, 3 T DARAAR AL /N B AR A o 21 7 2
J3E RO, I T RE v/ N BRI PR R AR, DLk
X BRI AT A 85 B A5 2 50O ) AT B B
[ PR AR i ey B — 2P AT RAE S (4 1) ¢

T DL L Y B S SR T

SAE B IR FERE AL

B 1 RSSO RA AT RELE

4 HiEEEE

L5 LTI RAS S G RAR BT ) RS 2, X0 1
B R VEHRLRAR GO ) 22 B N FH oA 25 I AT
B, SR AR B — 25 (R 3R 515 R A0 E W 4% 810 i
B0 IATE, B, BRI R R AR S i S
REATR D A Bt KU S, (EL-R A B4t O E 5 44 S i) i AN B
Wy, AT e AR RAR S O VBRI . HIRihEu
RSN X0 T IR LT A 0 i A 8 B T P
PRBIFSE o AN, RAE SN it 52 1 — M, AV I T JRURS A
IS TERE IR B B 4% 7 T, R A6 5 BEAE e 3 in PRAREHEE | [
AV it % [ s R ORI A 3R] B S Bl R AT /s
BRI HRREAR B/ INBR B I 25 DA A 22 B/ NER AL A -2,
oAy SGLT2 41 fil 50t ELA A0, Un ' IR AR A4 FHE A1
A BT 5 eI ATIE MR R E UKPDS RH &
017 A AR 0T LA T2DM BB 1 A8 I & 1Y)
iR RS S A FUAR YT T2DM R, A £
P SER AN RBIFFE G TT R , A% S5 T2DM K AE T2DM >
JIFEB RTS8 BB 258

2 % X B

[1] Saeedi P,Petersohn I,Salpea P, et al. Global and regional diabetes
prevalence estimates for 2019 and projections for 2030 and 2045 ;re-
sults from the International Diabetes Federation Diabetes Atlas,9 edi-
tion[]]. Diabetes Res Clin Pract,2019,157.107843.

[2] Fonarow GC. Diabetes medications and heart failure:recognizing
the risk[J]. Circulation,2014,130(18):1565-1567.

[3] Azoulay L,Suissa S. Sulfonylureas and the risks of cardiovascular
events and death:a methodological meta—regression analysis of the ob—
servational studies[]J]. Diabetes Care,2017,40(5):706-714.

[4]  Scheen AJ. SGLT2 inhibitors:benefit/risk balance[J]. Curr Diab
Rep,2016,16(10):92.

[5] Ohgaki R,Wei L, Yamada K,et al. Interaction of the sodium/glu—



BERERKZFIR 2021 £5 46 5 2 #5 ( Journal of Chongging Medical University 2021.Vol.46 No.2 )

— 145 —

cose cotransporter (SGLT) 2 inhibitor canagliflozin with SGLT1 and

SGLT2[J]. J Pharmacol Exp Ther,2016,358(1):94-102.

[6] Singh AK,Singh R. Spotlight on canagliflozin 300 :review of its

efficacy and an indirect comparison to other SGLT2 inhibitors and
long—acting GLP-1 receptor agonists[J]. Expert Rev Clin Pharmacol,

2017,10(6) :633-647.

[7] Van Steenbergen A, Balteau M, Ginion A, et al. Sodium-myoinosi—
tol cotransporter—1,SMIT1,mediates the production of reactive oxygen
species induced by hyperglycemia in the heart[J]. Sci Rep,2017,7:

41166.

[8] Di Franco A,Cantini G,Tani A, et al. Sodium—dependent glucose
transporters (SGLT) in human ischemic heart:a new potential pharma—
cological target[J]. Int J Cardiol,2017,243.86-90.

[9] Wright EM, Hirayama BA,Loo DF. Active sugar transport in health
and disease[J]. J Intern Med,2007,261(1):32-43.

[10] Hediger MA,Rhoads DB. Molecular physiology of sodium-glu—
cose cotransporters|J]. Physiol Rev, 1994 ,74(4):993-1026.

[11] Nomura S,Sakamaki S,Hongu M, et al. Discovery of canagliflozin,

a novel C—glucoside with thiophene ring, as sodium—dependent glucose
cotransporter 2 inhibitor for the treatment of type 2 diabetes mellitus[J].
J Med Chem,2010,53(17) :6355-6360.

[12] Lee YJ,Lee YJ,Han HJ. Regulatory mechanisms of Na*/glucose
cotransporters in renal proximal tubule cells[J]. Kidney Int Suppl, 2007
(106):27-35.

[13] R&dholm K, Figtree G,Perkovic V, et al. Canagliflozin and heart
failure in type 2 diabetes mellitus[J]. Circulation,2018,138(5).458-
468.

[14]  American Diabetes Association. Classification and diagnosis of
diabetes ; standards of medical care in diabetes—2019[]J]. Diabetes Care,

2019,42(S1):13-28.

[15] Januzzi JL,Butler J, Jarolim P, et al. Effects of canagliflozin on
cardiovascular biomarkers in older adults with type 2 diabetes[J]. ] Am
Coll Cardiol,2017,70(6) :704-712.

[16] Townsend RR,Machin I,Ren J,et al. Reductions in mean 24-hour
ambulatory blood pressure after 6—week treatment with canagliflozin in
patients with type 2 diabetes mellitus and hypertension[J]. J Clin Hy-

pertens(Greenwich),2016,18(1) :43-52.

[17] Cefalu WT,Stenlsf K, Leiter LA et al. Effects of canagliflozin on
body weight and relationship to HbAlc and blood pressure changes in
patients with type 2 diabetes[J]. Diabetologia,2015,58(6):1183-1187.

[18] Daisuke M,Masaya S, Yosuke K, et al. Effect of canagliflozin on
left ventricular diastolic function in patients with type 2 diabetes|J].
Cardiovasc Diabetol ,2018,17(1):73.

[19] Kutoh E,Hayashi J. Effect of canagliflozin on heart function in—
volving ketone bodies in patients with type 2 diabetes[J]. Drug Res
(Stuttg),2019,69(5) :297-300.

[20] Packer M. Activation and inhibition of sodium-—hydrogen ex—
changer is a mechanism that links the pathophysiology and treatment of
diabetes mellitus with that of heart failure[]J]. Circulation,2017,136
(16):1548-1559.

[21] Medina AJ,Pinilla OA,Caldiz CI,et al. Silencing of the Na*/H*

exchanger 1(NHE-1) prevents cardiac structural and functional remod-

eling induced by angiotensin II[]J]. Exp Mol Pathol,2019,107:1-9.
[22] Uthman L,Jancev M, Koeman A et al. Class effects of SGLT2 in—
hibitors in mouse cardiomyocytes and hearts:inhibition of Na*/H* ex—
changer, lowering of cytosolic Na* and vasodilation[]J]. Diabetologia ,
2018,61(3):722-726.
[23] Rask-Madsen C,King GL. Vascular complications of diabetes:
mechanisms of injury and protective factors[J]. Cell Metab,2013,17(1):
20-33.
[24] Nasiri—Ansari Narjes, Dimitriadis GK, Georgios A, et al. Canagli—
flozin attenuates the progression of atherosclerosis and inflammation
process in APOE knockout mice[J]. Cardiovasc Diabetol,2018,17(1):
106.
[25] Furuhashi M, Matsumoto M, Omori A, et al. Possible increase in
serum FABP4 level despite adiposity reduction by canagliflozin,an
SGLT?2 inhibitor[J]. PLoS One,2016,11(4):e0154482.
[26] Ramratnam M,Sharma RK,D’ Auria S, et al. Transgenic knock—
down of cardiac sodium/glucose cotransporter 1 (SGLT1) attenuates
PRKAG2 cardiomyopathy, whereas transgenic overexpression of cardiac
SGLT1 causes pathologic hypertrophy and dysfunction in mice[J]. J] Am
Heart Assoc,2014,3(4):e000899.
[27] Brown DI, Griendling KK. Regulation of signal transduction by
reactive oxygen species in the cardiovascular system[J]. Circ Res, 2015,
116(4):531-549.
[28] Lim VG,Bell RM, Arjun S, et al. SGLT2 inhibitor, canagliflozin,
attenuates myocardial infarction in the diabetic and nondiabetic heart
[J]. JACC Basic Transl Sci,2019,4(1):15-26.
[29] Ji W,Zhao M,Wang M, et al. Effects of canagliflozin on weight
loss in high—fat diet-induced obese mice[J]. PLoS One,2017,12(6):
€0179960.
[30] Mishima E,Kikuchi K, Suzuki C,et al. Canagliflozin reduces
plasma uremic toxins and alters the intestinal microbiota composition in
a chronic kidney disease mouse model[J]. Am J Physiol Renal Physiol,
2018,315(4) : F824-F833.
[31] Haas B,Pfeifer V,Mayer P, et al. Efficacy,safety and regulatory
status of SGLT2 inhibitors:focus on canagliflozin[J]. Nutr Diabetes, 2014,
4(11) 0143,
[32] Yale JF,Bakris G,Cariou B, et al. Efficacy and safety of canagli—
flozin in subjects with type 2 diabetes and chronic kidney disease[J].
Diabetes Obes Metah,2013,15(5) :463-473.
[33] Trujillo JM, Nuffer WA. Impact of sodium—glucose cotransporter
2 inhibitors on nonglycemic outcomes in patients with type 2 diabetes
[J]. Pharmacotherapy,2017,37(4) .481-491.
[34] Oliveros RA,Pham SV, Bailey SR, et al. Glucose control and
cardiovascular outcomes in clinical trials of sodium glucose co—trans—
porter 2 inhibitor treatments in type 2 diabetes|J]. Eur Endocrinol 2014,
10(2):117-123.
[35] Yu D,Shang J,Cai Y,et al. Derivation and external validation of
a risk prediction algorithm to estimate future risk of cardiovascular
death among patients with type 2 diabetes and incident diabetic nephro—
pathy : prospective cohort study[J]. BMJ Open Diabetes Res Care,2019,
7(1):e000735.

(AR 35 . AR )



