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Effect of dapagliflozin on atherosclerosis and the mechanism
related to sodium hydrogen exchanger 1
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(1. Guizhou Medical University, Guiyang 550004, China.2. Comprehensive Ward, the Affiliated Hospital of
Guizhou Medical University, Guiyang 550004. 3. Department of Cardiovascular Medicine, the Affiliated
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[ Abstract] Objective To investigate the effect of dapagliflozin on the formation of atherosclerosis ( AS) in
apolipoprotein E knockout (ApoE™”) mice and the mechanism associated with sodium-hydrogen exchanger 1 (NHEL).
Methods 24 6-week-old male ApoE™ " mice were randomly divided into ordinary diet group, high-fat diet group, high-fat
diet+dapagliflozin group (10 mg/ (kg + d) gavage) and high-fat diet+glimepiride group (0.5 mg/ (kg + d) gavage). AS

plaques in mouse aorta was observed by using HE staining after 8 weeks. The expression of sodium-glucose cotransporter 2
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(SGTL2) in the aorta was measured by quantitative PCR and Western blot. NHEI expression was detected by
immunohistochemistry. Then, mouse macrophage cell line RAW 264. 7 cells were treated with dapagliflozin (10 pmol/L) ,
amiloride (20 pwmol/L) and lipopolysaccharide (100 ng/mL) for 24 h. The expression of NHE1 protein was analyzed by
Western blot. The recovery rate ( NHE1 activity) from the NH,Cl-induced acid load was assayed by SNARF-1/AM
fluorescence method. TNF-a, IL-1B, IL-6, IL-10 secretion were determined by enzyme-linked immunosorbent assay.
Results The AS plaque area in the aorta of the high-fat diet+dapagliflozin group was significantly lower than that of the
high-fat diet group (P<0.05). The expression of SGLT2 in the aortic plaques of each group was significantly decreased ( P
<0.05). The plaque NHE1 expression in the high-fat diet+dapagliflozin group was lower than that in the high-fat diet group
(P<0.05). Compared with the LPS group, the LPS+dapagliflozin group had a significantly lower NHE1 protein level in
the RAW 264.7 cells (P<0.05). SNARF-1 fluorescence assay indicated dapagliflozin inhibited NHEI activity with

decreasing intracellular pH (P<0.05). ELISA showed that the contents of TNF-a, IL-1B and IL-6 in the cell supernatant

were significantly decreased, whereas the content of IL-10 was significantly increased (P < 0.05).

Conclusions

Dapagliflozin inhibits AS plaque development and cytokine release by inhibiting NHE1 expression and its activity.
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50 CSTBL/6 /NER, /NUARE R (20+2) ¢, 1 A L
YR A A F] [ SCXK(51)2019-0010 ], 757 T 52
N EER RS 528628 [ SYXK (#4)2018-0001 ], 3
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Pt/ Bl NHEL $i & (% E Abcam A ],
ab230449) ; S b/ Bl SGLT2 Hifk (¥ E Abcam 2%
7] ,ab37296 ) ; GAPDH 4K ( 26 [ GeneTex 23 ),
GTX100118) ; HRP #ric B9 1l = Ht 2 — ¥ (9 [
abcam /AT ,ab6721) ; ECL 127 & 6857 & (15 = 2k
72 Millipore 23 ) ,1925901) ; it 4~ IfiL i ( 3¢ [ GIBCO
N, B5SM54371) 3 EDTA 2% whoi (% 9% 28 4 /R,
G1206) ; JHERE ( LAAS1) BI 235, 1552692) ; iR &
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(£ E GIBCO 2 7, 8120425) ; ik #% 71 ¥ ( 25 [
Selleck 23 7, S154806 ) ; #% 51 3 Ik ( 3¢ [ Selleck 2%
H],S134401 ) ; BTk 3% F (35 E MCE A 7, 2016-88-
8); J& H F| V. 1 % ( nigericin) ( & [E Selleck 23 F],
S665302 ) ; SNARF-1/AM ( 3¢ [ Selleck 2% #l,
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group) , B4 6 Wl K A T LAl R A 5%
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PR AT B R B0 434, T B L B T AR ( BB
TR/ I ARTET ) %
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P R4 :95°C 30 5,95°C 15 min, 60°C 30 s,
JEWI L 40 ANPE R, St /D B SGLT2 £E K
mRNA ( NM-133254.5) % GAPDH £ [ ( NM-
008084. 3) Mt A 17111514, SGLT2 B . IE []
5’ -CATTGGTGTTGGCTTGTGGT-3 °, JZ [] 5 -
CGAGACAATGGTAAGCCCCA-3" ; GAPDH %: 4 . iF
] 5°-GGTTGTCTCCTGCGACTTCA-3 ", 2 [ 57 -
TGGTCCAGGGTTTCTTACTCC-3" , b ifF A4 TA A&
B, FTAREAY Cr B34 H 2 68 it PCR {UEHR,
REIREA R ALY Co 5, R 2722 T
PR X 2R3k f
1.3.5  APEEEIIR AT SGLT2 ik
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IR IR 5~10 pg/ L Whsife, IR B8 A i
30 pg TR A AR, 28 SDS-PAGE HLIK , T2k
B, 5% B Rg 4 W = | B 1.5 h, — T (SGLT2
1 : 1000) ¥ F 4°C i, — P imEr i 2 h ECL B,
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(NHE1 35 %), 2R ] 30 mmol/L NH,Cl & & 12 %
3 min, AN WEEVE 5 min 4543 20 M P S B R
B, AR TN E A0 A% 51 e i B A 3% ) 1 A TR
BEEURME Na®/H A8 $ i, Rf2 i NHE1 36 PR3 m
ARIA] pH = 87 Wi, SNARF-1/AM 11 2% ) nigericin
JEFE 30 min, LA pH B FIZEE R BE L A0 %I 4E LA pH
PR £ .
1.3.9 K44 TNF-o IL-1B8 IL-6 f IL-10 ik

Tl EEK B Y22 W2 [ 2 4G I 4% 4 TNF-oc  IL-18 | IL-6
FAL-10 ik WA A A a3 5% 13, iK% ELISA
RN BB AE VLI, I E 4% 41 TNF-o IL-18  1L-6, TL-
10 F43 0, A AR 450 nm AbiSEBUCEUE
1.4 SitZEFHE

K HH SPSS 22. 0 el AT B oy b, T
TR TR e bR M 22 (s ) o, dLIA] HE#CR
A Z Ty 2557 0, P TR) 22 S5 LU 25 5 R
LSD %, 5 ZZASFIER A T, K05, P<0. 05 FR 225
Bt Fm X,

2 #R

2.1 IE&5ERE D AENER TR AS 2R

Sh HIE B 1A P AT X AS TE I Y B, LR A K
1+ 51 5 Jik Ry o BE ARG I 3 S AR £ + 3k A B v T
TR 25 B AR B IRSR ApoE ™ /N AS JE U R 1
FPURAER (1A 1B) 5k g AR L, m iR IR
B BEH R E N (P<0.05) 5 = IR AR + ik 4% 51
Vrdl AS BEHLET RIS T = B Ik AL K S IR IR +AE
FIENRA, H2Z S A 50T 2= 82 L (P<0.05) , 1M =
BRARE +4% 51 26 IR A 3 S IR ik B 4 22 S5 B4 it 2
HX(P>0.05), MAh, EFELBES, A5
I IR (IR 1 TR ) e B TR 2 I b A
KEHAFEm, HES LR BSEIT¥E X (P>
0.05) , F IR KE + ik % 51 e 4 i R TR B + 46 51 36
JIRZH 5 735 B R 4 A B 28 AT A S 0 AT ot e A
HES LG L (P>0.05) , AR T
NRARE +4% 51 SE MR AL, =5 IR TR B + 354 5] 1 311 o B
IR, 3 2 I B O 2% 2 T 24 4R 38 A 37 e ik 2
FEBEIRIE AS TEK,
2.2 AS Bk SGLT2 & H K mRNA #RK&RZE

A SGLT2 HHIFZ A 520 AS BEH SGLT2
FIk R 0 TR AL B R T Ay B X R G
SGLT2 7€ 2 g Jk BEH (1) 2 11 2 mRNA ik, 4558
SR, 5B R EBH PR X R4 b g, AR AR AL | =

{E:A: EZk HE J (B ESIIKABERERMT . 1. B0 IRE 2. SR IR AL 3 RIS B + I S A 4 R IR IR+ B SE R AL, 5%
IR ET AR, *P<0. 05; SR IR K AL MR IR IR +4 S SR LL , " P<0. 05,
1 IRHEBNEXT Apok™ /N E Sl b Sl Kok REAE AL BESR B9 520 (n=6)

Note. A, HE staining of aorta. B, Plaque area analysis of the aorta. 1, Ordinary diet group. 2, High-fat diet group. 3, High-fat diet+dapagliflozin

group. 4, High-fat diet+glimepiridegroup group. Compared with ordinary diet group, “P<0.05. Compared with high-fat diet group and high-fat diet+

glimepiridegroup group, "P<0. 05.

Figure 1 Effect of dapagliflozin on atherosclerotic plaques in the aorta of ApoE™™ mice
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RE+IBAE I R BRI +4% 51 32 IR 4 3= 5 ik Bk
Herp SGLT2 % 14 % mRNA £k ¥ HE# 1% (P<0. 05)
(El2A~2C), Him IR B 4L S IR IK & + 1548 51 1
H IR + ¥ 5 EWR 4L 3 4 A SGLT2 & [ M
mRNA FiE2ZF LG IHFE L (P>0.05), #&nE
ik AS NI SGLT2, H SGLT2 #7554
SN IR AR SGLT2 23k, SGLT2 il 7 vl e Ik
i SGLT2 ¥ 54T AS 1EH .

2.3 ARF&EINE AS BIHk NHE1 & B Ri%

Kl NHE1 AI {2 #F AS BEHIE B, A SGLT2 #
A HE 51 i 5 2 AE AS BEH NHEL Rk, 45
W, 5K E A L, S IR B A B NHEL
Rk A EIHES BTG E L (P<0.05) , TAE
RS TR E W SR AL B SGLT2 #7755 4% 51) 14 b 3
JEBEH P NHEL A% F R IR ik g4l 3236 T (P<
0.05) , KHE 245 4% 51 2E IR 4] BE B N NHE1 848 5 i
REHA TR, HER LRI E X (K 3A,
3B), #i/~ NHE1 £ 280K AT BB 7E SGLT2 #i 4l
FIIAAEFNEHT AS AR HEVER

2.4 EETEHNE RAW264. 7 405 NHE1 EA %

B REME
2.4.1 RAW264.7 4i}fd NHE1 & %k

SRR LR 2 WA S NHEL 81
FIK 45T SCLT2 #5535 45 1 e k. NHE1 1 1 57
B[ KI8T 51, A RAW264. 7 208 NHE1 2635, 45
RANEI4A 4B WoR, 525 PO A LG, IR 24 Y
NHE1 25 /K I (P<0. 05) |, ks 51 e L bl >k
&R G 2 9515 S ) NHEL 25 F/KETH R (P
<0.05) BRI, BT A F] +3R 48 514 156 T3 T, 55 B
KIS A SERAE SN BT TR L, NHEL 28 1 KF- TG
WA (P>0.05) . #7848 51§ 3138 i NHEL
ZARVER, BRI NHEL 25 7K,

2.4.2 RAW264.7 4l NHE1 {if %

NHE1 ZhfE )7 1, ffi 1] SNARF-1/AM X552 608
BE LG R EE K I SGLT2 4 i F 35 4% 51 e Rt
RAW264. 7 4 il B, pH {H, 45 F /= A X T X i
2 FEIRRE S BT K g 1) B sl [ B AR AR T 20

Fz1 6 £A/NRIMAEEIEDI (25, mmol/L,n=6)

Table 1 Changes in blood glucose of mice in each group

iRl 04 2 )4 4 4 6 Ji 8 il
Groups 0 weeks 2 weeks 4 weeks 6 weeks 8 weeks
WS s
.EILU\.Q:E 5.28+0.97 5.08+1.01 4.97+0. 80 5.15+0.99 5.17+0.91
Ordinary diet group
N e
. Fil U\ﬁ i 5.33+0. 60 5.10+0. 88 5.28+0.71 5.35+0.63 5.30+0. 86
High-fat diet group
TSR+ K 5 Y
. il LA@'+J_+%§J{$ i 5.13+0. 46 4.92+0. 56 4. 60=+0. 98 4.62+0.94 4.82+0. 63
High-fat diet+dapagliflozin group
Y R TN T
. '_J.BEI U\ﬁ 1:%5];@%% i 5.34+0. 41 4.85+0. 83 4. 88+0.99 4.45+0.92 4.63+1.06
High-fat diet+glimepiride group
F 0.40 0.13 0. 62 1.41 0.61
P 0.95 0.94 0. 62 0.27 0. 62

T AR EIEAG I T Bk SCLT2 & [k & B £k SGLT2 & H# A B/ ; C: qPCR K E 3 ik SGLT2 mRNA #ik &, 1.

A
[=]

WIREH ;2. AR IRE AL 3 SR R +BAE AL 4 SR IR +A& 51 6 R4, 5k 4L, “P<0.05,
2 EFPKAHLP SGLT2 FikHM (n=6)

Note. A, Western blot detection of aortic SGLT2 protein expression. B, Analysis of aortic SGLT2 protein expression. C, qPCR detection of aortic

SGLT2 mRNA expression. 1,

glimepiridegroup group. Compared with ordinary diet group, “P< 0. 05.

Ordinary diet group. 2, High-fat diet group. 3, High-fat diet + dapagliflozin group. 4, High-fat diet +

Figure 2 SGLT2 expression in aortic tissue
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ErEVIRSR pH (BRI, 1M 3 48 pH (H2 3 48
T SC(EISA) o SR I NH, CL K ih iR 7 for J=
pH [8] 2 R H NHE1 351, 45 5 W 543 X IR 4] A
P, FEIRHE 51 ¥ BT oK 9% 1) By B[] I A7 7 T, 200
N NHE1 15 P& (P <0.05) ; 5 35 K% 51 4 20 A
Eb, 40 B 9 NHEL 3% £ I B 8248 4k (P>0.05) (&
5B), iSHESNET I, LN pH {E A 41 NHEL
TEPEAB A RO 5 T84 51 ¥ 5 B K g ][] B Ak 28R s
SN AR ], B 78 15 4% 5104 n BB S ) NHEL 36 $
ARG pH E,

2.5 EIRTEIME RAW264. 7 (AR R K HEER

Has X A e, LPS 4H 40 i F 3% TNF-a
IL-1B IL-6 #& i 3 ( P<0.05) ,1L-10 7 &
F /D (P<0.05) 35 LPS 4 H , LPS+3k4% 511420 K
LPS+B K 1% R 2 0] F 4 B 2 515 5 TNF-o IL-18
IL-6 ¥ (P<0.05) , ¥ IL-10 %5 (P<0.05) ; 5
LPS+BA] K 3% R 20 HL#5 , LPS+BAT K 38 1] + 15 4% 571 e 21
TNF-a IL-18 IL-6 } IL-10 &8 TCSi it 2 5% (P>
0.05) (% 2), &5RH/RIBHEFF 0] g i NHE]
WA LPS i S JAERL

A B A AR I 3 B ke NHET ik 6 ;B RZhkEEdh NHED Rk 85001, 1558 a ;2. SR B4 ;3 ik 46 1) i 4L 5 4. 4% 5

FEMRAH, SEIRREHMLT, *P<0.05,

B3 AR Apok™ /N SIKBELRZL SR NHEL RIEHIFE I (n=6)

Note. A, Immunohistochemical detection of NHE1 expression in aortic plaques. B, Analysis of NHEI expression in aortic plaques. 1, Ordinary diet

group. 2, High-fat diet group. 3, Dapagliflozin group. 4, Glimepiride group. Compared with high-fat diet group, “P<0. 05.

Figure 3  Effect of dapagliflozin on NHEI expression in aortic plaque tissue of ApoE™ ™ mice

A RBEEN AR T RAW264. 7 4l NHEL A A48k ; B RAW264. 7 4 b NHEL Faak B4, 1.4 (A 8412, LPS 4153
LPS +ikA% 5420 ; 4 LPS+FTRIGFIL 5 LPS+IkAR S+ K 3% F2H . 5725 X IRZAH L, * P<0. 055 5 LPS 41 [L&L,*P<0. 05,

B4 ARSI RAW264. 7 41H NHE1 2 RIA M (n=3)
Note. A, Western blot was used to detect the changes of NHE1 expression in RAW264. 7 cells. B, Analysis of NHE1 expression in RAW264. 7

cells. 1, Blank control group. 2, LPS group. 3, LPS+dapagliflozin group. 4, LPS+amiloride group. 5, LPS+dapagliflozin+amiloride group.

Compared with Blank control group, *P<0.05. Compared with LPS group, *P<0. 05.

Figure 4 Effects of dapagliflozin on NHE1 protein expression in RAW264. 7
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1 A SNARF-1/AM Z&GHAG RAW264. 7 4R pH 2846347 ; B RAW264. 7 4l Hf NHE1 3284040, 125 X A ZH ;2. k48 51 e

3 BARIR A 4 A S+ AR M 2 . 528 X IR AR, *P<0. 05,

B 5 akHEHERT RAW264. 7 418 NHEL 35 (n=3)
Note. A, Analysis of pH changes in RAW264. 7 cells detected by SNARF-1/AM fluorescence method. B, Analysis of changes in NHEI activity in

RAW264. 7 cells. 1, Blank control group. 2, Dapagliflozin group. 3, Amiloride group. 4, Dapagliflozin+amiloride group. Compared with Blank control

group, “P<0.05.

Figure 5 Effect of dapagliflozin on NHE1 activity in RAW264. 7 cells

R2 KM EWE TNF-o IL-18 IL-6 5 IL-10 &1t F3L (245, pg/mL,n=3)
Table 2 Comparison of the contents of TNF-a, IL-1B, IL-6 and IL-10 in the supernatant of cells in each group

ZH F1
45 TNF-a IL-18 IL-6 1L-10
Groups
23 1% R S
2 HXT A 491.8+33.57 71.58+6. 16 1458+43. 52 578. 6+56. 99
Blank control group
LPS 41
1010+61. 63° 151. 6+7.39° 2943+59.27¢ 253.1£51.71°
LPS group
LPS+iEH851)¢
- _$ 597. 643. 06" 123. 9+4. 09" 1458+119. 46 424.3+43.22°
LPS+dapagliflozin group
LPS+Fa[ K 7% A 41
o 575.8+39. 31° 119.3+9. 16" 1576+39. 31° 425.7+63. 96
LPS+amiloride group
LPS+FT A% | + 3546 51 52
. ,% el _% 545.7+23. 44" 123.9+6. 82" 1466+89. 28" 395. 642. 06
LPS +amiloride+dapagliflozin group
F 73.29 52.42 218.5 14.71
P <0. 0001 <0. 0001 <0. 0001 0. 0003

52 I IR LA, *P<0.05; 5 LPS 41 Lk, "P<0.05

Note. Compared with Blank control group, *P<0.05. Compared with LPS group, " P<0. 05.

3 it

AS BEHIY B LIRS 2l IkORE 2 9 oy H 22
SRR EL AR, SGLT2 il 57 J& H A e — I R
TR RS ELA R AP Co L5952 00 IXURS: () Bt 2, ARt
FELEI IR SGLT2 Ml FRIRA% 515 ] 98D Apok™ /1N
L AS BEHUE AL, BEMT R SGLT2 $ I FA 4% 511 A
{CATAPHI B NHEL 35, i vl 5 41l NHE1 7645
VI LPS 35 T 9E R, 1 Le/E TR AT 4% NHE1
FIF BT K 3% F Fr 540, 4 7m0 NHE1 2238 K 0%
PR, B2 SGLT2 MlRI4T AS HEHILE
3.1 RIS D IEER TR AS 2R
SGLT2 1l 751 A2 — o 308 3 B D 55 3 it/ N o )
SGLT2 SFe 3 S0 ] 55 ] 4 A 2 W WS 1 AL R 245
SGLT2 il 30 H A7 O M4 (9 O VR, T AR AR it

Wi McE O IEYIRE, BEAh, SGLT2 #1457 38 wT #1 fil
LA T ik | 035 i 4 i 2 20 L) R ML A il A4
WY WFSE SR SGLT2 1 70 6 U 20 B PR /N
Bl AS BEBRIE R 5 NI AS B &k R, AR
5% K IRAE ApoE™ ™ w5 /)N Bl b 387 8 TR B R SR AT A
DR BEHIE B, T e i KR IR R 2 i B e A K B
i, H s A IR B 40 B fin vl 9 SGLT2 )il 7136
K& F I, JE SGLT2 ) il 71) B 245 4% 5] 3¢ ik 4
AS BEHENTCHA 50D | B A% i ] g A PR
I3 ApoE™ " /INERL AS BEHLIE B, A 245 4% 51) 3 Jik TC 4t
AS RV, AWFFER FHEHL ApoE ™ /N BRI VE )1 ik of
FERE ALY FH /55 B IR £ IR 57 1T AR 7R g 1) o
1o T 3 R A s LY AS AR BT Ao ) B
FEARIF 5 Bt 181 36 B P e A, BOAS I 9 R T 3
KR A O R S IR IR IR IR IR I



R E P BE 2 26 2022 4F 9 H A5 32 4855 9 1 Chin J Comp Med, September 2022, Vol. 32,No. 9 17

TR 534 R 3045 AL /) BRI A 15 4% 1) v B 4% 3] 3 ik
ANIFIREREZS ) AL R A TR s ik, /s Bl
PEEA TR M B 5t #2255, iTREA L
I (1) ATRESE S0 W) R ARBE R A 5 (2) K
D B SR FH 1 J S e B L g 205 (3) T 4 i b
AKER 5 (4) 250/ N RUREA /D | AR S50 I AN HE
B4 B Ao 532 W) /)N BRI AR 2 17 6T B0 B 1) 5
AR, PR AR 24 34 oK B I R AR/ BRUOE R Il
W A5 Pk IR A B 25 SGLT2 1l il 751) 41 il
FEREIRIE /N AS BEHIE B A 45 SR X vk
HBEGEAGT SGLT2 il 51> AS JE B A HTHL
il , R SGLT2 MRV TT AS AH O s 4 =i 8
(T e

3.2 AS IE#R SGLT2 EH K mRNA RIKFKIX

SGLT2 il 70 £E 44 N AR 7 T R A5 AE . (1)
FEE L E /N LR A0 SGLT2 B /ER ; (2) it
RN ARSI BRI A S AS R
LT, EBIPK P SGLT2 MY K1 L, AW 52 AL 5]
TR BRI BT F8h kN SCGLT2 3k
T, K 5 9] H U TR 4 BEER N 1) SGLT2 Kk
oL, Rl IR IR B 2 AR R K-, AWEIE & 3 N5 Ik
BEFET, 55 7 E %5 NHE1 mRNA K 8 5
ARG, N TSk BEE SGLT2 25 1 Al mRNA F3A9F
HAR O IAME ) T 90, K RESE SGLT2 4
IRTCH i O R SGLT2 &5 B etk ik T/
S SGLT2 Wl fE X} BEHe & A K JRAE A R, i
SGLT2 1l 351 Y B #0440, 1T e & 45 AR, AfFoR
KB SGLT2 1 il 551 SRS 5] v 388 3k ot 00 4 o7 R ARG o
WLANAE NHE 35, Jl o Lan e
3.3 AE5&EIE NHE1 EHRIA

AWFFEAE AS BEH S AN ¥R T SGLT2
TR 7S BA IR NHED (B8R0 . Fefi 1R 30
1o I KB A AR T K B L BE B N NHET 3R 53
n, B iRk 4l BE in ey NHET nl g SGLT2 i
FITRHE 5] 1 25 1 e S0 L 7 A% 510 36 J0K JC 1k A= 38K
N, IEAR G AT ISR Y NHEL ik,

ASC N B P A N SE B TR R AE T A A% B i X
NHE1 80075 F , 28 RAW B IS4 LPS i S
RO JFERLHY 5T TR A% 51 1 XA S 240 B 28 R A5 74
T NHE1 PVEH, & 335 4% 51 1 0T AR AH i 9 pH
DL A NHEL 36 M, H X 26 4E F IR Al 3% NHE1 #7
TR 3% R T RS BE , 3278 SGLT2 41 ifil 5] i i< A
BV I NHEL 36, NHEL T2 204 F 45 Fh 40

LA A e
3.4 ERFEHIE RAW264. 7 AR A EER

AR 5 38 A A 25 2 245 W A s 5 5 A
IRIE N T 19 281k, & B LPS i S e 4 K 1
TNF-a \IL-18 | IL-6 (34N L BBt R B F 1L-10 A9
> GERE PR T BT Bl A A8 B i i . L3R4 B 1t
R 35 3800 5 NHE L J000 ] 5] B g sl e i) Ak 38 280 )i
FHFZIT , £ 7 35 4% B3 19 0 R 5007 1T B8 3l 2o 410 7]
NHEI j=4

NHE1 ¥ Hi4h Na* M H #1738k, 85
ST pH A, AR DL R Z AT 5T
W] AS BEHeh NHEL k3", BEHe 5 5 40
BAEERAL pH (E FEAR, 280 BBk il DB R 25 i 3
pH (E IR, BRI PR T BB H I35 P 1Y) 5 g 4
HuThRE S # , 2k AS BEBIE AL RIVHE /R AR P 2R
bR e e o L I RN N i SR )
Floralozone fit 18 1t #1  NHE1 $iL ASPY  JRE/R T
NHE1 7 AS "h i CHVE T, AR A8 AR A I 3K
K GG TE BEE Y pH, (HFRATHFSY £ W] SGLT2
J 500 AT 3 A S0 NHED 36 PR30 AS B8 A%,
P IRHE 51 P AS 84 5 NHEL B &Rk, 46 %
NHE1 AEAF SR A IE R AL

AS BEH A 0 20 R ST T AL A A 2 6 R 4 i
(R SRR T AS B 53 78 BE R 20 2P 2 g IX 5]
b2 NHE1 K3k, 5T A B VR 402 AS B
He B ZAL AN M, S DL W A A M AR S X 4, &
PRIAHE A G 0 ] 40 e NHE1 & H %35 M NHE1 7%
PE AN LPS 75 5 M 7 i B ik, ELask b4 il 2L
N FEAAE NHED 3 500 BT oK 3 Fl g, FRATTA RIS
S5 5L SGLT2 il 71 BE 38 A 417 1l Wi 40 e [va) M1 41
Ji 43Pl ) S PR PR — 3 Wl NHEL
25 M1 4 sk #78 SGLT2 #fil 37 v] i i
P NHE1 2R3k G R P RAEH .
3.5 HARHABRRER

A 5T ¥ A X BE BB b R BE AT 5, RN
SGLT2 #kIFIVE AT NHET J& - i/ SRR 78 =t
AS HL ARSI A 5 e o th ik 75835 .

MR AR R R RRENLE IR AR S, (A
SEOLFRE SGLT2 #1471 v] figd i M il NHE1 3k
Kd P R FEDT AS fE . X 28 & B a2 TR Ak
SGLT2 #5814 P 47 7 AR, #h & SGLT2
PRIE RZ AT NHEL 25 AS BEHUE AL
AR BILTI A 5 R R Ae AR T L



18

PR PR R 2R 2022 29 AZE 32 55 9 8 Chin J Comp Med, September 2022, Vol. 32,No. 9

S 3k

[1]

[10]

[11]

[12]

Malo ME, Fliegel L. Physiological role and regulation of the
Na*/H" exchanger [J]. Can J Physiol Pharmacol, 2006, 84
(11): 1081-1095.

Liu CL, Zhang X, Liu J, et al. Na*-H* exchanger 1 determines
atherosclerotic lesion acidification and promotes atherogenesis
[J]. Nat Commun, 2019, 10(1); 3978.

Braunwald E. SGLT2 inhibitors: the statins of the 21st century
[J]. Eur Heart J, 2022, 43(11) : 1029-1030.

Zinman B, Wanner C, Lachin JM, et al. Empagliflozin,
cardiovascular outcomes, and mortality in type 2 diabetes [ J]. N
Engl J Med 2015, 373(22) : 2117-2128.

Chen YC, Jandeleit-Dahm K, Peter K. Sodium-glucose co-
transporter 2 ( SGLT2) inhibitor dapagliflozin stabilizes diabetes-
induced atherosclerotic plaque instability [ J]. J Am Heart
Assoc, 2022, 11(1): €022761.

Zelniker TA, Braunwald E. Mechanisms of cardiorenal effects of
sodium-glucose cotransporter 2 inhibitors; JACC state-of-the-art
review [J]. J Am Coll Cardiol, 2020, 75(4) . 422-434.
Uthman L, Baartscheer A, Bleijlevens B, et al. Class effects of
SGLT2 inhibitors in mouse cardiomyocytes and hearts: inhibition
of Na*/H" exchanger, lowering of cytosolic Na and vasodilation
[J]. Diabetologia, 2018, 61(3) ; 722-726.

Tborra-Egea O, Santiago-Vacas E, Yurista SR, et al. Unraveling
the molecular mechanism of action of empagliflozin in heart
failure with reduced ejection fraction with or without diabetes
[J]. JACC Basic Transl Sci, 2019, 4(7) . 831-840.

ZEUHET, BAR. Sl IR oK e RE 1L 3l A AL A O vk 1 A 4
[J]. i A pR2AZRa, 2008, 18(5): 70-73.

MW, E, w45 G ERik NHEL @ b s 8 E g
TEIEREIR RAW264. 7 4110 ABCAL ZE 133K [J]. 40540
FHIEEIRE, 2017, 33(1) ; 12-16.

Liu Z, Ma X, Ilyas I, et al. Impact of sodium glucose
cotransporter 2 ( SGLT2 ) inhibitors on atherosclerosis: from
pharmacology to pre-clinical and clinical therapeutics [ J].
Theranostics, 2021, 11(9) ; 4502-4515.

Al-Sharea A, Murphy AJ, Huggins LA, et al. SGLT2 inhibition
reduces atherosclerosis by enhancing lipoprotein clearance in Ldlr
type 1 diabetic mice [ J]. Atherosclerosis, 2018, 271. 166
-176.

[13]

[15]

[17]

[18]

[19]

[20]

[21]

[22]

Terasaki M, Hiromura M, Mori Y, et al. Amelioration of
hyperglycemia with a sodium-glucose cotransporter 2 inhibitor
prevents macrophage-driven atherosclerosis through macrophage
foam cell formation suppression in type 1 and type 2 diabetic mice
[J]. PLoS One, 2015, 10(11) : e0143396.

Dimitriadis GK, Nasiri-Ansari N, Agrogiannis G, et al.
Empagliflozin improves primary haemodynamic parameters and
attenuates the development of atherosclerosis in high fat diet fed
ApoE  knockout mice [ J]. Mol Cell Endocrinol, 2019,
494, 110487.

Han JH, Oh TJ, Lee G, et al. The beneficial effects of
empagliflozin, an SGLT2 inhibitor, on atherosclerosis in ApoE
mice fed a western diet [ J]. Diabetologia, 2017, 60(2) ; 364—
376.

Lee SG, Lee SJ, Lee JJ, et al. Anti-inflammatory effect for
atherosclerosis progression by sodium-glucose cotransporter 2
(SGLT-2) inhibitor in a normoglycemic rabbit model [ J].
Korean Cire J, 2020, 50(5) : 443-457.

Chen S, Coronel R, Hollmann MW, et al. Direct cardiac effects
of SGLT2 inhibitors [ J]. 2022, 21
(1) 45.

Sabolic I, Vrhovac 1, Eror DB, et al. Expression of Na®-D-

Cardiovasc Diabetol ,

glucose cotransporter SGLT2 in rodents is kidney-specific and
exhibits sex and species differences [ J]. Am J Physiol Cell
Physiol, 2012, 302(8): 1174-1188.

Wi, SRR, F25, % ApoE™ " /NREH BKORAETE LB
NHEL 5 Netrin-1 235 L [J]. Sl B2 500K, 2020, 40
(6): 777-783.

Sarigianni M, Tsapas A, Mikhailidis DP, et al. Na* H*

exchanger-1; a link with atherogenesis? [ J]. Expert Opin
Investig Drugs, 2010, 19(12); 1545-1556.

Huang N, Qiu Y, Liu Y, et al. Floralozone protects endothelial
function in atherosclerosis by ameliorating NHE1 [ J]. Acta
Biochim Biophys Sin ( Shanghai) , 2021, 53(10) : 1310-1320.
Zhang X, Li J, Luo S, et al. IgE Contributes to atherosclerosis
and obesity by affecting macrophage polarization, macrophage
protein network, and foam cell formation [ J]. Arterioscler

Thromb Vasc Biol, 2020, 40(3) : 597-610.

(Y75 HH#7)2022-04-08



