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Salidroside exerts cytoprotective effects on bone marrow-derived endothelial progenitor cells
via the AMPK pathway in atherosclerotic mice
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Abstract Objective To investigate the effects of salidroside (SAL) on the impaired bioactivity
of endothelial progenitor cells (EPCs) in atherosclerotic (As) mice and the potential mechanisms
regarding AMP-activated protein kinase (AMPK). Methods Atherosclerosis was induced in 8-
week-old male ApoE”" mice with high-fat diet. Intragastric administration of SAL was given to one
mice group to investigate the effects of SAL on aortic plaque burden, plasma NO level, the migration
and angiogenic capabilities of bone marrow-derived EPCs (BM-EPCs). The proliferation, migration
and vasculogenic properties of EPCs isolated from As mice were investigated in vitro. AMPK-sh-
RNA or the AMPK inhibitor Compound C was used to investigate the role of AMPK/Akt/eNOS
pathway in the regulatory effects of SAL. Results Compared with As group, NO level was
significantly elevated in SAL group. The sizes of atherosclerotic plaques at the aortic root were
reduced with smaller lipid cores in SAL group compared with As group. Moreover, the migration
and angiogenesis capacity of EPCs markedly decreased in As mice, while SAL treatment reversed
these impairments. Incubation with SAL at concentrations of 20, 40, and 80 pmol/L for 48 hours
significantly promoted the proliferation, migration, and angiogenesis of EPCs. AMPK-sh-RNA
transfection abrogated the SAL-mediated improvement in EPC biological activities. Western blot
analysis further demonstrated that treatment with Compound C blocked the activation of
AMPK/Akt/eNOS signaling pathway induced by SAL. Conclusion  SAL upregulates the
biological functions of EPCs through activating the AMPK/Akt/eNOS signaling pathway, thereby
ameliorating EPC dysfunction during the pathological progression of atherosclerosis.
Keywords salidroside; endothelial progenitor cells; AMP-activated protein kinase;
atherosclerosis; eNOS; AMPK/Akt/eNOS pathway
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T O M BR AR, BAR T EPCSTE AsTEFR i (1367 B2 A 00,

VAR ZH AT AT 7 DR 20 5 R 4T (Salidroside, SAL) 7T LA R R kS BRSO 7 12
200 M PN R D R, TR R A 1 P i S i R 0 2 11 88 ( AMIP-activated protein kinase,
AMPK) EHA B, SALIErEE Hro . Hhn—% LA (nitride oxide, NO) A 55 £ Fh
7 A P K T REM, (HSALXFEPCsIEH A T RE 245 W EPCs I YA 15 S AR FA ML - A i b
1 AMPK/Akt/eNOS/5 5 il #% AT LA B EPCsIT A ML A2 il BE /), B0 D REZ AREPCs I A1)
TEPERSl, IO FUS AL P ST TN T SZ 4 I AsBE AL B B K UREPCs U RE K 52, 30—
ARPTSALZ 751 1T AMPK/Akt/eNOSAE 5 18 B & (0 R FS BUEPCS WA T e, IR T fi#

SALXTEPCsTf A Fl As L 54518 & 2 AL o

1 MRS
1.1 SEWBNW)  SPFZ 8 JE S HEVEApPOE /N, AR 20~22 g, T RICHSEIEN YA R
N [P TIE 5 : SCXK(F5)2021-0013] o 7N R 37 T sh W s i A ot , R38R 22~25 °C,
FHXTHESE 50%~70%, H HBEEAIIK.
1.2 SERAVBR R FERF R KR TR (B85 CC-3162) JWHE[E Lonza &
Al NO KA & (185 S0024) . CCK-8 & (18%5: C0037) WH LiF#E AR
ANl p-AMPK —#T (585 2535) . p-Akt —#T ($85: 4060) . B-actin —Hi ($&5:
4970) ¥ HE 3 E cell signaling technology A l; p-eNOS (55 : ab215717) 4 H H[H
Abcam A#]; ¥4 IgG-HRP (55 : BLO03A) M H L2 AHM A F]; Transwell /NE
5. 3422) WHZEE Costar AF]; 4 °CELOAHL (B445: 5415R) . PCR Y (HU%5:
X226488N) ¥4I H 18 [E Eppendorf AF]; i TAEG (A5 : SW-CI-1FD) 4 H F M E4L
WHAWAT; COE 374 (F5: HERAcell 150i) 14 H 3% [E Thermo Scientific /A 7]; i
X (A5 : RT-6000) W HEIIFE A R 2R AR AR D65 BAE &k BUR KA R4t
(M5: DM2500) T4 HTEE Leica Aw]; AMEIERME (BT IX5D WHIEE
OLYMPUS.
13 SHERAZ 36 A ApoE " /INRIERZ T REENL R 3 A @O MIRA 12 B, %
FRIESE O As BRI (As4l) 12 H, mlgReE CH RN RRH21%8 +0.15%IH &
BEEIE, () SAL T-Hidl (SAL T-¥idl) 12 H: {diH s Ag b k+SAL[50 me/(kg-d)HEH
OGN 8 . R EIE ApoE /N As AR, 8 JH S IIRALEE, HUNRURE
FIHEE- B BEHEAT J5 28 EPCs W73 BAIRE %, F/N i BM-EPCs 12 AR AL F 7y xt B4, As
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4 (As /N BM-EPCs) . 20 umol/L SAL # (20 umol/L SAL #¥ & As /Nil BM-EPCs 48

h) . AMPK-shRNA ZH (AMPK-shRNA /&%t As %7 BM-EPCs /&5 F I 20 umol/L SAL 4t

) 8¢ Compound C 41 (10 umol/L Compound C FiALFE 30 min Ji5 FIIA 20 pmol/L SAL §#

HALFE As 155! BM-EPCs) .

14 ik

141 MA§K NO AR /NRACSERTEE & 12 h, SARER T ML, SRAE ) LR AR 55 0

JE e s, 2R AR B, 4> SIRI M E HE B (total cholesterol, TC) =it ifh
(triglyceride, TG) « 1555 & JI§ 25 [ JIH [ 8% (low-density lipoprotein-cholesterol, LDL-C) ;2 NO

IKFo

142 FIPKSERMAGE KR E TREHRES L, FIRAE ISR R8T, 7

Oy B FR . MO AR N AR B R K DA B I P I8, T 405 S 2 8 2% 1 B kORI B

M5 A BRI RE T« 254021, BRI O B 5% K, EhikeKmar g, Wi

BEREHO/IN . .

1.4.3 HE 1 Masson 38 705 1) HARA, HHIBON 4% 2 R E ). H L

KA EESEY) . AT HE Y1 Masson et LAINIEE T Sk EE As BEERAL K. 474

e JEE P SRR

1.44 EBEKIE EPCs (bone marrow-derived EPCs, BM-EPCs) HIABIEREERE LK

AR, BUHRUN IR B FHEE, W PBS MURSE Mot B dlE, EWRET IR R &

W SRS B A0 R TR A R 0 E AR A B9 b DABS R BS.0¥% (2000 t/min

x20min) 73 25 AL AN, U TP B s FR A A RE, PBS BRG] EPC &

I FRILE R, HRh T NFYBERE A A 6 cm FE IR0, 37°C. 5%CO02. WL 100%

FU TR 7d )G, POekill Dil-acLDL 5 FITC-UEA-1 XUBH P40 A .

1.4.5 EPCs HFEERRN 75 96 FLBHHEFH EPCs 4R (100 uL/AL) , H4E5 3740

EREFRAA R FR (37 °Cy 5% CO2) 5 F& S 7 2H A0 FR 20 A Ji5 1m) B FL AN 10 uL CCK-8 J

P A5 FARERE SR NI E 2 by FHRRRR G E 7 450 nm L FOMR LR

1.4.6 EPCs EBREARM 45050 0 2 A BRSO AN M, K5 10 % I M3 R B N

Transwell /NE )R %, # 2 x10°/mL EPCs &¥F7E 100 L IR HEAN 1%, Kid% 24h, &)

FUERE TR EhANAL, PR B[ E, Giemsa Jet, BEMLESE 3 DDA ME 5.

1.4.7 EPCs MBEFRBRRK F Matrigel FFUE NN 96 FLIR, #5256 5 AL FE EPCs JE U4

Jif, JEEEAIRECN 1.5%10%mL, #EFT Matrigel I8 L, T 6 h Ji5 {80 B B 5 W2 i IR 2
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TR RNE R RSO, LB 3 MLEF I .

1.48 AMPK-shRNA #EFIAFE HH5 AMPKalphal B 5125 551 34 B shRNA 2
HHEE DNA (R 1) LU, B KO =42 XUEE DNA oligo, P i Fo i v T £ g 1)
A s L ERGE NGV S ) RNA TSR 804 b, R i e Nl 24 0 RO 20 B 2 2
A, RGBT P B VR R AT 4 5E , H 3 4 sh-RNA FIFIHE X HE 2 /& G4 EPCs, 72
h 552U ZH AL RNA, Real-time PCR #aill 45 R 7R, 5 negtive control ZHAHLL, /5741 AMPK-
shRNA1 JEGRCOR BT, #5250 ] AMPK-shRNAT SR/E& s EPCs.

% 1 shRNA oligo %)

Tab.1 shRNA oligo sequences

Oligo Sequences (5°-3")
GATCTGTTCTCCGAACGTGTCACGTTTCAAGAGAACGTGACACGTTCGGAGAATTTTTT
Primer-NC-T
C
AATTGAAAAAATTCTCCGAACGTGTCACGTTCTCTTGAAACGTGACACGTTCGGAGAA
Primer-NC-B
CA
Primer-T1 GATCCGTTGTTGGATTTCCGTAGTATTCTCGAGAATACTACGGAAATCCAACAATTTTTT
AATTAAAAAATTGTTGGATTTCCGTAGTATTCTCGAGAATACTACGGAAATCCAACAAC
Primer-B1
G
Primer-T2 GATCCGAATCCTCATAGACCTTATTACTCGAGTAATAAGGTCTATGAGGATTCTTTTTT
Primer-B2 AATTAAAAAAGAATCCTCATAGACCTTATTACTCGAGTAATAAGGTCTATGAGGATTCG
Primer-T3 GATCCGACCATAAATTTACCATAAAGCTCGAGCTTTATGGTAAATTTATGGTCTTTTTT
Primer-B3 AATTAAAAAAGACCATAAATTTACCATAAAGCTCGAGCTTTATGGTAAATTTATGGTCG

1.4.9 Western blot Bl AR#F AL /41 40 HE EPCs J5, WWAELNMRRIANILEEH, BCA &
AR B TR B B PR, O e B BUEIR, AR AT Rk, RRRE S E B R i S
HEATHEERE, R & 5% REWk ) TBS-T 4 °CHE A 1 h, —#T (p-AMPK. p-Akt. p-eNOS. B-
actin, 11000 %) 735 4°CHFEIIA . TBS-T Yeff 10 min 3% 3 38, k5 —Hi=EHE
1h, HHPR, ECL BEARL X M BOCEY . KA Imagel BUE S HTHEAT 2 BT

1.5 GirFAeE  fiEH] SPSS 25.0 BHAFREAT /04T, THE R RHE IR Z VR,
WERF A IEAM BJ7 2555, PMSIREAS S HECR A ¢ K056, BEARAT &S 0850 5414



TR AESHRR AR . P<0.05 NZE R Gt 358 Lo

2 4R

2.1 FHPFILAEK NO AFHE SxEAtE:, As 4R A% TC. LDL-C KFTHE
(P<0.05) ; 5 As #1tb%, SAL TPl /NRIE TC KF R (P<0.05) , LDL-C /K%
&, (ALREFEGIMFZESR; MG TG AFIEXIEA ., As 41, SAL FTA/NRZ A ZEF L5
R WE 1A As A/NRUILE NO KR TRHEA, HERTG IR L SAL T

ZH/N MLV NO KPR As HAE (P<<0.05) - WA 1B,

20 O control group
g * H As group
9 B SAL grou
E 15 | EIO8P
g
s
L 10 |
i)
&
£
o
©

0

LDL-C

250

#
200
150
100
50
0

control group ~ As group SALgroup

Serum NO level (pmol/L)

B1 #4/MRILE TC. TG, LDL-C & NO KT
Fig.1 Comparison of serum levels of TC, TG, LDL-C, and NO of mice in different groups
A: Comparison of serum lipid profiles across the groups; B: Comparison of serum nitric

oxide (NO) levels across the groups; “P < 0.05 vs control group; *P < 0.05 vs As group.
22 HAPRESFFPFESIRELZME LRI G (0 RoR (B 2A): As 41/
B s A B 5 L X R (31.1% vs 8.2%, P<<0.05, &1 2B) , KE R T & RE,
PR BEERA Yo 2Lt 5 As SAHLL, SAL HhIKBESAIXT HIFF DN (22.7%vs 31.1%, P<
0.05, & 2B) o Xt EFIkARE D) 34T HE 1 Masson Je {21415 0 HT iR (B 20) , As
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A P B2 E B IR B Sk R BERAR R SE R, IR E K, SAL T FI4H LSRR B BB be

As A, JEZE/N (19.5% vs 28.8%, P<<0.05) .

Bl 2 SAL X} As B/ RSN KBEL IR

Fig.2 The effects of SAL on arterial plaques in As model mice
A: Oil Red O staining of the aortic plaques in the control group, As group, and SAL group x10;
B: Quantitative analysis of the relative area of aortic plaques stained by Oil Red O in the
respective groups; C: HE and Masson staining of atherosclerotic lesions in the aortic root across
the different groups x100; “P < 0.05 vs control group; *P < 0.05 vs As group.
2.3 B4UNR BM-EPCs WEHEHE &4 BM-EPC L ERAE i s (B 3A) + &5
XTHEZHAREL, As /B EPCs TR/ NE RESS I B0 T 1% 5 As HAHLEL, SAL T/
f EPCs {4 INERELE BRI (P<0.05) ; KM Transwell /A% 41N EPCs [

ITHRET), BAEE T IHECT B R4ii (K 3B) , As 4/ BM-EPCs iE B AR R4 T



%, SAL -7zl BM-EPCs i B =R As 40 7+ (¥ P<<0.05) .

B3 Z4H/K BM-EPCs #hAMILE A RSB E L
Fig.3 Comparison of in vitro angiogenesis and migration of BM-EPCs of mice in different
groups

A: Comparison of tube-like structures formed by in vitro cultured EPCs from mice in each group,
observed by Matrigel assay, along with the quantitative analysis x100; B: Comparison of the
number of migrating BM-EPCs from mice in each group x200; “P < 0.05 vs control group; *P
< 0.05 vs As group.
2.4 SALARSMFHIXT As /N RARR BM-EPCs iR PEIIREM 7 2535 9% As /) BURAY BM-EPCs,
fEFAAHEE SAL (04 5+ 10+ 20, 40, 80 pumol/L) , KA1 3 AMRHIAIA (24, 48, 72h) 4
ST T 7. CCK-8 K4 R En (B 4A) : SAL W E 24 h J5 AN [F) 3 5 354 1) W e P A1 2
FELGAT AR £ 200 40 A1 .80 umol/L ) SAL B & 48 h J&, %2R B (A0 nT HE 4L 484

(P<<0.05) 5 £ 10 20 40 F 80 umol/L SAL W% & 72 h J&, 75 ZHM 6 BEAE B 2 7R3

(P<<0.05) ; HHAFIAEE SAL 7l 48 h, 455K EIR, 20, 40, 80 umol/L SAL 4bFRZ EPCs
FE R EE R 0 pmol/L SAL 43 (P<<0.05) . WK 4B. 4D. &AM A Bike SR,
5 0 umol/L SAL 4HAHEL, 10, 20. 40. 80 umol/L SAL AbFELL EPCs /N R 45 M B8

(P<0.05) . WA 4C. 4E.



B 4 SAL XF As BE/NR, BM-EPCs A W35 I

Fig.4 The effects of SAL on bioactivity of BM-EPCs derived from As model mice



A: Cell proliferation was assessed using the CCK-8 assay, at three time points after the treatment
with different concentrations of SAL; B,C: Comparison of the number of migrating, the in vitro
vasculogenic capacity of BM-EPCs, 48 hours after the treatment with different concentrations of
SAL; D: Microscopic observation of the migration ability of BM-EPC from mice in each group
x200; E: Microscopic visualization of tube-like structures formed by EPCs with different
intervention methods  x100; "P < 0.05, P < 0.01 vs 0 pmol/L SAL group at 48 hours; P < 0.05,
#pP <0.01 vs 0 umol/L SAL group at 72 hours.

2.5 AMPK-shRNA E#iEHT SAL 37 BM-EPCs JEHM/EA 5 As 4U4HEE, 20 pmol/L
SAL T 48 h J5 EPCs £ CCK-8 il (MG EA T I, 4 T WS4 M iT R B0 o/ INE Fe 46
A R I N (P<<0.05) , Tl AMPK-shRNA /&4L 5 EPCs WO . 40T R 50w
FNEREGRIE R BURIR > (P<<0.05) , 1] AMPK-sh-RNA J& 53] T 20 umol/L SAL £

& EPCs 858, ERANMAE AR IfEM .. WK 5.

Bl5 AMPK-shRNA BHLJ5 SAL Xf As BLEIRIE BM-EPCs £ 435 # IR
Fig.5 The effects of SAL on the bioactivity of BM-EPCs derived from As model mice after
the infection with AMPK shRNA

A: Comparisons of cell proliferation, migratory and in vitro vasculogenic capacity among groups;
B: Representative microscopic images showing BM-EPC migration in each group x200; C:
Microscopic visualization of tube-like structures formed by EPCs with different intervention
methods  x100; P < 0.05, P <0.01 vs As group; “P < 0.05 vs 20 umol/L SAL group.
2.6 AMPK/Akt/eNOS {5 5EHS 5 SAL %3/ EPCs THEERT K/ BM-EPCs %1
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AN XTI . As 4. 20 umol/L SAL ZH. Compound C A AT LR . AHLLXTHEA,
As 21 EPCs #' p-AMPK. p-Akt. p-eNOS & [3KIA N, 20 umol/L SAL ¥ & 48 h AMPK.
Akt DL eNOS fFR4LIE N (P<0.05), 1 Compound C Fi4LPE 30 min J& SAL %5 511 EPCs
H AMPK. Akt % eNOS it T (E 6) , $#&/~ SAL il AMPK/Akt/eNOS {55 il i {12
H# EPCs WIAEMIS 1

Bl 6 SAL @i AMPK/Akt/eNOS {55 @ %} EPCs TyREA Y ER
Fig.6 SAL regulated the function of EPCs via the AMPK/Akt/eNOS signaling pathway
*P < 0.05 vs control group; “P < 0.05 vs As group; P < 0.05 vs 20 umol/L SAL group.
3 Wig
EPCs P LB B 3240 Bz« B I O 45 S5 A 250 A R D RE ML Lo AUILBR AL . SR

RZ O BRI R WERE . R S s BEAR, G . S8 As IR,
i 7 EPCs HIZhRE, FEMK EPCs HIFFAEREJIANGST RIS, RN T fi EPCs TIREIH T
Pl $- & EPCs (A%~ Ty e K HE 17 3 53 © By B ¥ 2 ik ok 1 58 40 400 I 8 52 9

(atherosclerotic cardiovascular disease, ASCVD) ff] E Z 5 0% . AN 5T iE T 5 PEHEFE ApoE" /)

A As BRL, GIESE T As #RAL T BM-EPCs IAEN) G L %, SAL ¥ B R RS & 0]
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fieit As #5241 BM-EPCs 1458, iT#% LRI B8 /7, SAL #] L iff BM-EPCs H' p-AMPK. p-
Akt FI p-eNOS ik, AMPK #7517 SAL %f EPC AW)i&E R N, i
AMPK/Akt/eNOS #FR1L T, W] SAL il AMPK/Akt/eNOS 15 53l B 243 EPCs A¥)0%
3

AZ PR AT T PHRIE T A BM-EPCs I8 L8 57 A R st O JIT 2 R RAS S B o
[ I Ik O AU R A T, (R T T A A T O LA AR I ARG
FEATEZN TR MG PR G5 5, W BA 2 i FRIE omd PROwa 18 SR RASH B AT 4 1 T
FIRESZ BN As RN 140 M 5 2 mT Re s B 6K UR EPCs (VEAE, REALHE 7 e T
G EPCs THEE S ASCVD #EREZ MK R, H4MK EPCs /KPR NA RO ML 45 5
AR AR B, ARBFFCEENL As NRIEAL, 4y 5597 BM-EPCs, JRRILHINAE. i
. UM RE /I T RE, SGETE ASCVD. iy I A R PR LA A FE 45503 1 EPCs 243
MR, eI EERT), AT ERT] R As.

B ILAREE 2 XS EPCSUVR BT IR, B 25 04 LBl 0T, RARZG W) B T BIME
R RN ZHE RTINS L BOA R BA O MU (R AR DR IR S8 S &)
SRR, RIREPIIE ASCVDAMR B (¥ 767 o BRI AT 0. SALZZLRR
ORI — R SR, FEFTAT LS RS AT ORI, W AR A%, SALIIYEH
LRGSR BR A YD RAE L B IR PR AR KSR T e R R R U2 H R A R )
S AL RT LA I A 3 009 [ 3850 4 P 7 29 o JUE S50 0L PR YR 450095 « SALIE BB It 2 A 5
T ERFIAR SCHLHI S As, 2805, 2 RAEBTASHIE M 12, R0 TE R BISALAR I/ As
AN RN KBE AR, SEINMLENOK Y-, EEAs KA Je i3, X5 e il i st 7o 4h
FAE, SALDE 7181 18] Bk B ApoE /I BRI fr) Y Rz B B 45 5 AT At 4o

SAL Xt EPCs JtIL I ThAEZ 451 EPCs FIVAT S AR FINLEI A . %A 5%, SAL
VE T T As /N BB T B4R 95 1 EPCs, T (R I | 3B R LA R R RS F7 . fEA
WA E 2T, 20, 40. 80 umol/L SAL T-Tii 48 h &3t 7 BM-EPCs 5. i
BRI ML RE ). EPCs 7E L H @ ) A SR 25 & W] e AU T4 38 EPCs 1%,
MEHL T 200 1 IS B PR BRI B8 70 o BEAR A FUSIGR B, — Syl s 24 1 T S PR s 5
HHNE ML EPCs HO%E, {RHE EPCs (OIS AR M A2 pkfe f1, il NO AP, &I
IL-6 7KV, AT 2 BOBE s B sh kI i e . ACBRAIESE SAL 3% T As /MR
BESZ 40 EPCs ZEWiEHEMITE R, $7% SAL 7E ASCVD 97 4TIk 1 B FH 1if 5

AMPK T A O L 9755 R 96 97 38 i 2 — U8, AMPK 1 4 it Bl S A Jed VR 4 O i 2R
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G RE R AR AR, AMPK Wl FRE R . HE M A R = NO AR R
FERE 1) it 3 R T o AR 95 o (R RBLZEL S T F 7t R B AMIPKC S8 v 1t ] 28~ fo 2
731 EPCs Al YE NO &1 T A NADPH 4Ll 4 ATEREESAER, 5% EPCs 194
YrE PR BEAL B Fi 478 AMPK A1 Akt W80 £E EPCs {7 1L A= i M v (1) 8 244, AMPKU/Akt
%2 T AR DRSS EPCs DIRERI T, b4k, eNOS #iA A2 EPCs DhREFIZN i ¥ 1
T, AMPK fl Akt FIREERAL AT 225 i eNOS y& 4k, AHF 7T & B SAL X EPCs A4 1t
K147 /5 F T 3 AMPK-shRNA #f, AMPK #1517 compound C {# AMPK/Akt/eNOS {5 5
N, R SAL RSG5 1T RS A I E AR it 5 AMPK W& {6 0%, SAL JiE it AMPK
T Akt/eNOS @BAEHIIN eNOS [1iEiL, s EPC HIZEWNEYE, #E— Bk T SAL Xf
EPCs [f R4 255 o

AR IR I S ApoE” /N RS AR A, R ILSAL T THFRAEAELE Asit g, 535
W ThRe, IERE_EIHDIRESZ AR I As/NRAEAIEPCs, S8R IG5 . 1T DA I8 A B Re
SALIEHIEPCsAE TG R B4 (1) 6 /1 /2 18 ik AMPK/Akt/eNOS /5 1), SALXTEPCsIIAE K15
s SALZEANI /K LI A B2 ThRE . B AR, 9 RIRZGW) S Bk a7V 44t 1 28
WA, W ASI BT IE SR BRI LA

SR
[1] Simoncini S, Toupance S, Labat C, et al. Functional impairment of endothelial colony forming cells
(ECFC) in patients with severe atherosclerotic cardiovascular disease (ASCVD)[J]. Int J Mol Sci, 2022,
23(16): 8969. doi:10.3390/ijms23168969.
[2] Zhu L, Jia F, Wei J, et al. Salidroside protects against homocysteine-induced injury in human
umbilical vein endothelial cells via the regulation of endoplasmic reticulum stress[J]. Cardiovasc Ther,
2017, 35(1): 33-9. doi:10.1111/1755-5922.12234.
(3] ATRAL, & Bk, B B, 5. JBRTER R B S A LS R A R B R R S S R
JBF B Ik AR A B B R B B AR R [0]. R AR R R 2 5 T, 2017, 35(10): 2558-62.
doi:10.13193/j.issn.1673-7717.2017.10.025.
[3]YuTH, Zhu L, Zhao R, et al. Salidroside inhibits homocysteine-induced endoplasmic reticulum stress
through activation of AMP-activated protein kinase[J]. Chin Arch Tradit Chin Med, 2017, 35(10): 2558-
62. doi:10.13193/j.issn.1673-7717.2017.10.025.
[4] Fei S F, Tong D B, Jia F. Antiatherosclerotic effect and molecular mechanism of salidroside[J]. Rev
Cardiovasc Med, 2023, 24(4): 97. doi:10.31083/j.rcm2404097.
[5] Jia F, Wu C, Chen Z, et al. AMP-activated protein kinase inhibits homocysteine-induced dysfunction
and apoptosis in endothelial progenitor cells[J]. Cardiovasc Drugs Ther, 2011, 25(1): 21-9.
doi:10.1007/s10557-010-6277-1.
[6] Hu Q, Qu W, Zhang T, et al. C1g/tumor necrosis factor-related protein-9 is a novel vasculoprotective
cytokine that restores high glucose-suppressed endothelial progenitor cell functions by activating the
endothelial nitric oxide synthase[J]. J Am Heart Assoc, 2024, 13(4): e030054.

13



doi:10.1161/JAHA.123.030054.

[7] Huang G, Cheng Z, Hildebrand A, et al. Diabetes impairs cardioprotective function of endothelial
progenitor cell-derived extracellular vesicles via H3KoAc inhibition[J]. Theranostics, 2022, 12(9): 4415-
30. doi:10.7150/thno.70821.

[8] Li C, Lin L, Zhang L, et al. Long noncoding RNA p21 enhances autophagy to alleviate endothelial
progenitor cells damage and promote endothelial repair in hypertension through SESN2/AMPK/TSC2
pathway[J]. Pharmacol Res, 2021, 173: 105920. doi:10.1016/j.phrs.2021.105920.

[9] Sellahewa S G, Li J Y, Xiao Q. Updated perspectives on direct vascular cellular reprogramming and
their potential applications in tissue engineered vascular grafts[J]. J Funct Biomater, 2022, 14(1): 21.
doi:10.3390/jfb14010021.

[10] Ye G, Chen X, Zhou Y, et al. Prognostic value of endothelial progenitor cells in acute myocardial
infarction patients[J]. Mediators Inflamm, 2023, 2023: 4450772. doi:10.1155/2023/4450772.

[11] Cheng X, Zhao C, Jin Z, et al. Natural products: potential therapeutic agents for atherosclerosis[J].
Chin J Nat Med, 2022, 20(11): 830-45. doi:10.1016/S1875-5364(22)60219-X.

[12] Fei S F, Hou C, Jia F. Effects of salidroside on atherosclerosis: potential contribution of gut
microbiota[J]. Front Pharmacol, 2024, 15: 1400981. doi:10.3389/fphar.2024.1400981.

[13] ¥E%, 5k WA, SR, S5, 05 A 5T o0 IS ORI 200 05 1 oo MO e L 9BE 9 453
P[], ZHRIERR 254K, 2022, 57(5): 690-4. doi:10.19405/j.cnki.issn1000-1492.2022.05.004.

[13] Cao X D, Zhang F, Huang M Y, et al. Salidroside ameliorates cardiac ischemia reperfusion injury
by inhibiting endoplasmic reticulum stress and apoptosis[J]. Acta Univ Med Anhui, 2022, 57(5): 690-4.
doi:10.19405/j.cnki.issn1000-1492.2022.05.004.

[14] Li L, Yang Y, Zhang H, et al. Salidroside ameliorated intermittent hypoxia-aggravated endothelial
barrier disruption and atherosclerosis via the cAMP/PKA/RhoA signaling pathway[J]. Front Pharmacol,
2021, 12: 723922. doi:10.3389/fphar.2021.723922.

[15] Xie D, LiY, Xu M, et al. Effects of dulaglutide on endothelial progenitor cells and arterial elasticity
in patients with type 2 diabetes mellitus[J]. Cardiovasc Diabetol, 2022, 21(1): 200. doi:10.1186/s12933-
022-01634-1.

[16] Heidary Moghaddam R, Samimi Z, Asgary S, et al. Natural AMPK activators in cardiovascular
disease prevention[J]. Front Pharmacol, 2021, 12: 738420. doi:10.3389/fphar.2021.738420.

[17] Huang W P, Yin W H, Chen J S, et al. Fenofibrate reverses dysfunction of EPCs caused by chronic
heart failure[J]. J Cardiovasc Transl Res, 2020, 13(2): 158-70. doi:10.1007/s12265-019-09889-y.

14



