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Research progress on the pharmacological action and mechanism of echinacoside
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Abstract : Echinacoside (ECH) is a phenylethanol glycoside compound that exists in a variety of plants and is a promising tra-
ditional Chinese medicine ingredient with broad application prospects. Modern pharmacological studies have shown that ECH
has many biological effects,such as neuroprotective , myocardial protective,liver protective, anti-tumor, antioxidant anti-aging,
as well as immunomodulation , hypoglycemic and lipid reduction, promotion of reproduction and bone formation, protection of
pulmonary blood vessels and prevention of atherosclerosis and other pharmacological effects,which can be used for the treat-
ment of multiple system diseases,and the further exploration and development of its pharmacodynamic mechanism is of great
significance. Therefore , this paper summarizes the pharmacological effects and mechanism of ECH in recent years, and puts
forward suggestions on its research status and future direction,in order to provide some reference for its further in-depth re-
search ,development and utilization.
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Chemical structure of echinacoside

Fig. 1

AR (H,0,) SG R Rl 2, it 17 AN ARE
T 53R 1740 1 T 2 50 40 M S 0 4 e 8 1 463 407 , O 7 2
REWAF YN B, 5 & IO T AR 4ot
20 e, T S SR 2 A L A T T SR AR —
R IV =K C i = N e o v SR SN BB SR i
BERUR Sl R A SR M B, X — S5 F
RMAFITRE RS EA A 3, A5 & B ECH
SR I B AT 995 78 2H 4L Toll #5324k 4 (toll-like re-
ceptor 4, TLR4) . #% A 7% 4 (nuclear factor-kappa
B,NF-«B) #0141 Jfl #4 T~ & 1 ( BCL2-associated X,
Bax) F AT EAH A K F ( nuclear factor erythroid
2-related factor 2, Nrf2 ) A4 =25 H ( B-cell lym

phoma-2, Bel-2) ik 2k kAT A ALAE T, 18 7] LLdE
i R AL CPEBL (P53 P21 Rik/KF, LiH X
L kAL ( NAD-dependent protein deacetylase sirtuin-
1,Sirtl ) 5 5 3k K F ok & P 2 4E Y . Lo
A B ECH S B AR AL Y Ca®* A 3B 470 1
N-H Z-D- K& F R 3Z K 1 ( N-methyl-D-aspartate re-
ceptor, NMDART ) £ 1 1Y) & 35 N2 Bt S ALAE FH R B8
Fhzs PC-12 20 bk 40 I A9 48 5. Wang 255 % 3R
ECH {2t DAF-16 3 i 42 P 1 5E DA 1] 40 A% P 56
L T DAF-16 W% 6 M, (K 4 e F5 i, AT
9 ECH (EA YR T 5280k . Li 45 k3
ECH 38 i 4 5 22/ BT I RE ) I v v 4 i P
T H4f A R 2 (interleukin-2, TL-2)) 7 & 1 i 241 21
—2 AL A (NO) | E ALY B AL (superoxide dis-
mutase , SOD ) & 4t , FEARPT 2 T H 41 g/~ K -6 (in-
terleukin-6 , IL-6 ) Fllfii ZH 2L —J (MDA ) 5 4 K ik
R HE R AR, Sun 2517 & B ECH 3 1o [ 1% %
SR M B A7 R L mRNA K3k K OF, #2 5
wnt2b {5 538 [ L PR TR AL KT i DR B 4 i
BERE, L RIR G E HA BENiAL .
P B, BA TE & KRG EAL TR A ARt ot 1
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Table 1 ~ Antioxidant and anti-aging pharmacological action and mechanisms of echinacoside
TSR FEFHLHI ik
Research model Mechanism of action Ref.
2 P I 25 B N
SRR R KR . WA A8 21 81 rh TLR4 NF-xB p65 Fil Bax 37425 Nef2 1 Bel-2 2
Rat with severe acute pancreatitis
Bk P R 24t i v N
Human umbilical vein endothelial cell 9 CPEBL P53 . P21, i Sintl 3
pe-12 20 Jf o 245 A B 7 2 .
;’0—12 cell nfuzljijlilr% model WEIRANNIP Ca® * HGHERL ] NMDART 2 P19 43k 4
75 T B AP 42 . g .
e e {2t DAF-16 (90 B AT DAF-16 (7% 17 P 5
BN IRV e o =)
R PERSILI L2 & AL NO SOD & ft B 116 FINALE! MDA 7t 6
ig 4 2 - -
KB Leydig A1) FEAIE AXL mRNA 357K T BE5 wi2h 350 69 36 7

Rat Leydig cell

1.2 #MZRPIER
1.2.1 ek

P14 #5975 ( Parkinson’s disease , PD ) & — i 52 i
HHX e 28 2 G0 4 12 M e 2 AR AL , 225 3B )
MR, BRI 2090 & B ECH XHRYT PD A
A WHITRL, A BTN PD 52 50E | Zhr 1A D)

RE R AT ST O S 2 P 228 SR I
(glial cell line-derived neurotrophic factor, GDNF) 4=
IR -5 il A% A 1 SRR S AL A O

ECH 3 it AN [0 48 i A% A 3 22 R E , W 25
il /DN 5 200 L K R IR A0 L T AL, DR 22 T R RE il 22
JC, R A2 T, I o 28 A% AR TR TTORR,
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TG A AR o FA TR A B I il 28 R E KRBT 4
KA ITTE : —J7 00, ECH 38 525 800 40 i 40 94 5 2
F1 1% i ( extracellular regulated protein kinases, ERK)
T AR -5 M % B 1 2 A A R B A IR
(tumor necrosis factor-at, TNF-a) .y T4 ZE /K, Wik
D2 B R 2 TR T2 5t ] LR A LR R o
IL-6 #1415, I #] 1L-6/Janus 3 fif ( Janus kinases,
JAKs) /1555 S A% s 25 P10 K1 (signal trans-
ducer and activator of transcription proteins, STATs) if
B, Ul /N I T 400 L ) 35 Ak, A RO B 8 4%
IE, PP Z IR 2o " . 53—y i, ECH i id
P R p38 22 245 AL AR I (p38 mitogen-
activated protein kinase, p38 MAPK) Fl1#% [H +-«B
(nuclear Factor-«xB, NF-xB) 1% 23 & 3 0% " | BHLAS
JINIE R 4 L B S TR i R A B TG AR i i 2 4
JiF o Zhang %" % Bl ECH REAT AL A% /1N BLUSE RN
N K-, R SOD |3 8 Ak S0 ( catalase ) A4
BEH kT E ALY B ( glutathione peroxidase , GSH-Px )
B, A P AR P A DT O e s TR
FIk, 7R T ECH J T3t S A 16 7 1Y #2847 L
il o sk, ECH Sl i+ B B seipin 4 1172 %
b S LR i, 300 PA o 1) iz 8, B 1k R AT S 2R M
LA BRI L R B E T ECH 14t E Ak R
AL Ma SR B ECH Al RS SR P A )
TAL AR G 1L RS, RO 5 TR
5 | Y ZR AR I 0 s 1, 300 2 b A 2o A Ak AR
Yt i i , IR LR Sl [ s A 7, R O 2k
KR RE , LAZE ik 2 b 1A 2y BE I 154 52 1) 40 L 45 £
Fe AT vl A VG A2 A0 M P PO o AR P Rk
i E 26 1 NG B WLk L & 45 Th RE AR s A
Zhang %5 % ECH A% I8 13 40 1/ B 5 o i
FLW BN Z 0 E A ( mammalian target of rapam-
yein,mTOR ) S IK , B9 A WA B, A R BR
- A% AR LT AR HE F WIS B A, DA /) BURH
KA, WA BFSE & B EHC 5@ id 5 Sirtl 454,
T [ R DR A S R, 3 ok R AR AN B BCR
PR o-ZE AR 1", B e 4 B B GD-
NF ikt LS a6 i 4 20 vh 22 B0 Mz e b 22
Joli s, KA A ER

g b PR A 2 Fh A R AL, A 280
o-GEMIAZ AR 1 1Y 7 AR S HEAR, O i IR 2 L i g
PRZETC, GEff AR SR T, DA BELASH A 4 2R 1) 5%
S BT, SRR T A B AR A SR T2
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B0] SR PR ¥ 2R975 ( Alzheimer's disease, AD) & —fif
Lo B B () AT 1 R R B P 22 R G R AT R , LA
NN RS AL D8R Ay ERE . BT 7R 1 3R 5
ZARBIIR A K, 4% B FEA FEEE ) (amyloid B
protein, AB) LA tau £ 1 57 W R 1k | IE O RE #il 22
TCH A 2 S RN AR Y ESE . ECH ] i i
2 5j 220 OB LB TS B JR R TR

46 ECH a] LUt /N R B g 2 -0
SUEMFETE (A T2 1 (amyloid precursor protein,
APP) Z4f# i ( B-site APP cleaving enzymel , BACE1 )
R F 2 3 A A /N BN J5 ) 90T, 4 PKR
FE P 5 A IR 38 B ( pkr-like endoplasmic reticulum ki-
nase , PERK) / ELAZ 2 45 K F 2« (eukaryotic initiation
factor 20, elF20r) 3 P& AU , 404 BACEL H&[A i) B
PEA APP Az i, el b/ B b AR 1 B S5 R A Y
AB BEHUE 15 HEAR , 5 28 1035 2035 Bl 7 IR T BRI /)
R Z3 ] 27 > FACAZ T RE™" o ECH 34 nf 3 41
AB HIZEEAL, LABLI/D AB FE4IML N A TTRL ™ .
BE] UL ECH S84 0 AB 781 PN I TE B e R, ok
ARGE AB R R 2Bk, A5 K
ECH 3 i i /I BB 5 P B e UL 3 -3 ( phos-
phatidylinositol-3-kinase , PI3K ) / Akt 1@ §, 1€ i Nif2
PR, K S A AR 3G 5 D0 SZ A y (peroxi-
some proliferator activated receptor y, PPARy) J3 2l T
T R 0 DT T T M, WD 35 P S e, R
APP/PST /BRI S 14 A 48 AR I S8 45 . A o
HORB ECH nl o {2 /N B i N Nief2 2 1 3%
ik, M AH B 4F F 2& 9 ( thioredoxin interacting pro-
tein, TXNIP ) 1 NOD #f & 3 ( NOD-like receptor
protein 3, NLRP3 ) #H H./E 1], Jai 2 K¢ 57 b 1t 5 44 vh
TNF-a IL-18 45 48 JiF [H 740 Wb, 04 36 1 28 4 >
Fritb =z #h, ECH I4 68 % 38 5o B IK £ Pk AE sl 75 il /K
-, 90 ST B R A, VR 2 TR BB 2, 0 R
FUIH B RE I RERERT

25 b A IR 4 Ik 3 I AR AR B BT A1
AB TSR N BT A AR, K 5T £ T HEL BB 1, Bl
JIELG RE D) BEREAT , LA LM U 258 B 2R % T R 1) ot 22451
P
1.2.3 &bk

AR ECH 38 3 42 & K U S A o i 5t
PR B SR N 7 KF-, A 5 PIBK/ Ak {5 538 %, fie
bR (I R EST L T S [ RER ERATES
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BRA et 22 R AP T 5 9070 e 22 il Eh A b A
FoKF-, b S A, O ek IE s RE A 25328 Joa £ it
AKX
1.2.4 oMt Imai4s

ECH A {3 BB % 22 fif Bk il 7% fili 451 45 (ischemic
brain injury , IBI) fP 4l 28 S0 Y 32 401, i B 6% b 25 0115
RAESETHBL, Wei %61 % 3 ECH RS & 3 0 K
SRR LR AR, HATL ] 5 el S A I 5 P T 2R

G M PHEE SRR SR I o Ding 4 Ho1E
T ECH {EiZ MY rpdi e R UK A SERE L | k5 A A
AE 1 BOBILTR AT R 2 108 3k 15 0 R B Eh A4 b o7 s
R NB0ESZ AR TR, fEF A A N 19, DA/ 1
SRR S AN AR
1.2.5 Hitb

ECH 2 i il 28 CR 4705 1R 30 RE 8 1] T JHC Al o
ZRGUIENIRYT , A WFF0IESE 1 ECH 36 7] LA YT
59 (epilepsy , EP) L S ARE ( major depressive dis-
order, MDD ) ') 8 70 25 #E37% ( cervical spondylotic
myelopathy , CSM) ' o #3451 (47 1 2 F K HL

A, I REBS R4 R B ECIRIR h Z e 2o hRss Wk 2,
R2 MRFERPHESGEEARIS

Table 2 Neuroprotective pharmacological action and mechanisms of echinacoside

e 7&%‘)@% I?fﬂ.fﬁ‘] /E:"Vk?']iﬁ?ﬂ
Diseas Experimental Main Specific
sease subject mechanism mechanism
PD N TWHEIAE B ERK GEEK, 0 /INB 5T 2408 B TR BT A 0 AL , A A 28 AR
KR .SH-SY5Y — e S At pl NN b e o N = X
i PCI2 40l BRI BT A I, BRI TR R 0k s R T A A AT 5 WK GDNE K-
SH-SYSY 41 PR SRR W) 53 B S A0 T %396 A, 380 R 0 A P T e 4, 338 % A% A% Ak
) P}]12 ?Hiﬂ@ Y WK ERRATIRE AR RE I TR SRR ], YR SR A SR A D P A, TR AR R R T B, B A
B SN 5 B PR T s AR HE UG B AR 3R AR HE B PG B BERR 1L, IR S AN IR (A D) e
L S Mk mTOR G, WO A WEARIE B T BR o- 28 A B 1T, PR 0F F RIS s 25 6 Sind
i TR R VR LR R SR
BVAIND. e ) IL6/JAKS/STATS S8 AU RAMAIR b U9 W25 JEE W 120-SE RN 122
sHsysy gy PAEEEIINT o by oone sk
AD G hBl g AP ANRUA R, W PERK EIR2a B, 0 A T
FURATFE R BCEELRI  TERR A 3, RS PR EUKT , B0 SN SR PP A IR R ek Ul T AU A
IR IR SE T BACEL 28 112635 , I TXNIP-NLRP3 S0/ MEFET, e W 4o

ik AB SERAL, D AHAE A TTURR, AR 2 NGRS G- , 303 £ IE AL A, 1k 52 £ e Lk
T

/NE PR AR RE 220 Ey,
RIS PR 228 37 K, A5 PIBK/ Ak 5 538 i, ek 22 o iB 52, B 1k M 22 o0 it

Vab KECNEL SRR s U N2 MU B I R PSSR R T e, ZEA Th PR 5 AR £ o I,
AR L, AL I A R 2
. e s CEPERTAL WA AR, VR 0 2 v SO 4 2 e
- s i s B o KRR 2 TR AR BRZ P 365 , Sk AL P9 11 g, B SR Ak T ik
EP KE BTSSR, B S e
MDD N BEIEMZE % AMPAR-AKYERK-mTOR 34 , (LI M W 2275 7% PR TR e
TEARE Y ’ RAERZR
csM K CEAULREK I DRPL B [, 30 5 LR AL e I, SR i

1.3 #HphyEEm ROS iG B ATE AL AE J1, Tang 2 (RIFSEIESE T

ilsed 4 T LA R ROS 7249y, 1 HLAEAR
KAEE_LAKASA 5401 ROS #1519 DNA 5453 11 B 47
WL R AL AF , I 20 O A A0 L B 52 45 T LR Y

ECH 7RV A Z1 2 i 5 25 400 4 2L B b 53 200 i 1) 25 A=
5 B, FERTRE AR AL 28 BRI Wnt/B-cate-
nin 5 5 38 % (1 7 1k, 7 B, Wang %1% 72 30 I
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MCF-7 40 ff 4 %0 v % B8 ECH 3 3 BH W7 AKR1B10/
FERK 32 1% 4 BHL A5 3L 086 40 My H4 5 9 7%, Bian 451
W& B8 ECH 38 38 I8 fif 83 40 il B+ ( miR4306 7l
miR-4508 ) 1) & 1k > {ie #F 7L B 92 40 B 95 7= Dong
S5 LB SKOV3 411 rh & B ECH A L4 i)
P 5968 SKOV3 40 (138 58 42 28 T 20 MOAE R 1 A
{55 3 % p38 MAPK ({8 i1k, Wang % % 3
ECH A 38 123 18 15 i 410 1] PR - ( circ0046264 ) / ZE 4%
F& (miR-510) /8] K F£ 4 i 45 & 2 1 (opioid bind-
ing protein/cell adhesion molecule like, OPCML ) 3 ik
AT iz JOR S8 DR 248 98 200 B 164 5 e 75 S AR T
Shu 25" 5iESC T ECH 3 d 42 5 ROS /KRR AR 4k
B4 IR F {3 ( mitochondrial Membrane Potential ) 7K F
e )1 HEC-2-B 4 L 1, 9] PI3K / Akt
AR T B PRSI AN ML 00 72 A . Ma 25 R B
ECH 38 18 T % 5% P - >R 30 il 9 77 28 A 2 5%, A2
HEF S pS3 LA, WG pS3 K75 3 - 20 Pl
PR I A M i R R AR, R DU
T Li % %8 ECH j@ad il TAR 1/Smad %
S T R B HCC827 41 g i i Je i 4%, FEAe
et RN ML P T, ECH A] LA ] 45 7 68 SW480 2
J AT BEANEE R fiE 1 Han 45 i % 3 ECH 33
IR b Rz 18] 78 B AR AH G B 1) E-cadherin \N-cad-
herin , Vimentin 3% ik & & ¥ %45 % 9% 40 8 08 1.

Xie ™ fyfff 57 % B ECH 38 3 Bax JE[H % ik /KF 1
], PR TN 2 e R AR 1 3 ( Caspase-3) R ih it
9, ] Bel-2 ik Tk 2 5 B 786-0
ML IET . Wang 45 %3 ECH 7] 3 ROS )=
A FEERAR AL AL B, MR T MAPK (5514
SER 5 c-Jun S0 ( C-Jun N-teminal ki-
nase ,JNK) \ERK1/2 7G4 &K, Bax ik M Caspase-
3 AR, Bel2 kb, ] & SW1990 A
JIRE i s 200 L O3 A A0 o JE PR A L A G A F
G2 LB ECH Xt 5 98 40 M8 G40 s S SUTBELA L 0
Tk Bax & H R IAA ML HEAEH, EXT Bel-2 40
AR F Ceyelin D) | 40 i J&] 3904 6 14 28 11 8t 4
(cyclin-dependent kinases) 45l E X Y fEE [ 4
('sry-box transcription factor 4 ,S0X4 ) A ##HI/EH .
BT RATHBT T 45 R R, A R4 H 2 —Fh R
AT T BB IR 21, R LRI R R R K
USRS NTIE RN S N S R S L N = R
S5 22T i Jed L B A R A A VR T, S A
eV OV U IN T CES SRR SRR IN SR e B T S e AL
R RAN TG 40 B A 2R o ARk, TR RE 1Y) A
T L R N AN S K ECH B4 g 1 P L)
JRAIFFE IR BT A P e R A Bl B, X
FE LU B RO E S MR 16 7 SR AR G A BRI
5yt ARG BT E ] RS WA 3,

x3 MRFENEAEERARNE

Table 3 Anticancer pharmacological action and mechanisms of echinacoside

JiERE WrFTR R Ve FIBL Sk

Cancer Research model Mechanism of action Ref.

FLIRIE Breast cancer MDA-MB-231 # )X+ Wnt/B-catenin {3538 % 32
MCF-7 4 FELWT AKR1B10/ERK i % 33

LRI AN T miR-4306 Fll miR-4508 34

B0 5695 Ovarian cancer SKOV3 4l Z‘ICJ%IJ SKOV3 4l iy 15t 12 5% . F A0 Re A5 & p38 MAPK A9 35
J7 s Skin cancer A431 41 A ¢irc0046264/miR-510/0PCML 36
EGIS . HEC-2-B 418 T ROS KT R IR s s Kk T 37
JiT4% Hepatocarcinoma Hep G2 41} T FOXDI #ifi TRIBL %% 5%, f2 i p53 ZBkAL , #4TE p53 38
fifidf Lung cancer HCC827 4l 3 TAR T /Smad {5550 B350 39
LE3 4 Colon cancer SWASO 4lHs sgmo 218 G1/S-CDK FHLESH A0 4 7] p21 Cip/ WAF1 i 35 3k & 7+ 40
SW480 4 fifi E}I - 7 [ 38 J50 i AL AH 6 B 1 E-cadherin  N-cadherin , Vimentin 283k 41

45 Kidney cancer 786-0 41l Bax JL[H i, Caspase-3 i, 41 Bel-2 3k T 42
[l Pancreatic cancer SW1990 #Jifiy EE‘ERKW IRPEREAR, Bax RIK M Caspase-3 LA, Bel-2 ik 43
HJ# Gastric cancer AGS 4iff I SOX4 il H s AGS 405 -5 S A A 1 44
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FARAGH 2 BA PR3 VR, 1 — 2D 0
FEHARSP AL S BUFA SR RE IR 2 00 1 JH-200 A 1)
PATZ LA R A bR, A A o 2020
AR R R ECH IR YT R A9 AH 56 SCRE #4742 T A
FOR A TG 38 Ao R 5 40 G A R T P A
B I BIL A A o A3 B T A . p38 MAPK {5 i
% INK {55 8 B Nef2/ 1L 21 2 %8 4B 1 (heme oxy-
genase-1) {5538 % . PI3K/ Akt {5 5B A1 Akt/ 4R
& WA B -38 ( glycogen synthase kinase 38) {55 5
FERAIRITZ PR S R 5 R AR o 3B i

T Naf Il Nef2 {5558 R R sl B 057 i ot
VAT VA T A Sintl /B 5 15 ] 5 PGC-la @
I B R A 4 2 o S B R B ST 7
1% ( peroxisomeproliferator-activated receptor a, PPAR-
o) F TR B8 K B Bk 55 A% 18 1 ( carnitine palmitoyltrans-
ferase 1,CPT-1) % ik AR P TR, Lei 252" % 31
ECH BEREAC M35 v 40 i A1 21 25 1 KO0 05 40 5 1Y
AN 5K R BF5E W] ECH fig 3% fie
W b B 240 R0 1 T 498 R 40 P 9 P A2 4 i 1)
T, A TR . S AR
PHEFHEALH B EE WA 4.

®4 MRFEE.ERPAEERRIE

Table 4 Liver, intestinal protective pharmacological action and mechanisms of echinacoside

WFFEALAEY YEF LI SCHR

Research model Mechanism of action Ref.
Je#EAE KB Septic rat TS Nrf 3 % 47
SD K SD rat WS N2 {5558 i 48
RRRRRORARYG AT Sintl/PGC-1 o il 49
Liver injury in obese diabetic mice
Itk db/db /B, Male db/db mice AT HELH S PPAR-o Fil CPT-1 634 50
=Y WA/
SEEIEBLN B L5 T A0 1 L0346 O A0 M PR Tk 51

ice with acute liver injury

MODE-K #fi/fy MODE-K cell A AR Bl Rk 52

1.5 RipLplLgmpe

ECH Xt AL 37 7 B A8 AL 1 5 08 40 L 241 i
SR RN R SR AT3 00 T 200 PR R 2 k0 LA e
PT- Y 3K I % A % . Yang %5 % Bl ECH
BBV H,0, X0 AILAN M 15 B ) 453 495 , 4 D0 L AL il
SR AR HE Nef2 2 ARSI Nef2 3 RSB
Ni 45 % 9 ECH 7] figJ2 i it |- PGC-1/NFR {5
S BT R LR PR A A R, SR LA B T
PET RO LIRS, Cui 2570 & 30 ECH 38 o 8 4

JAK1/STAT3 {5538 f Ay /0 K RO WILAH SUREFE IX
RAVEAN IR BT TR R, U8 A S, ol ¥ e
DIREZEEL O L2 U B0, DT 48 50 T RE IE %
Cai 2517 %% ¥ ECH 3l 2 iz 4 P 7 (miR-34a) %
B SR D LA . Zhao 257 & 3 ECH Al i
Ao UL Sirt] A7 54 A O FIL 2 49 48 95 2 I 4R
RIS AT 3 T 2 e /S R A o WU B
SRR LA A T B B2 L2 S

x5 MRFEHOIRPHEERRIS

Table 5 Myocardial protective pharmacological action and mechanisms of echinacoside

Myocardial protective pharmacological action and mechanisms of echinacoside

WA

Research model

YR SCHik

Mechanism of action Ref.

BB JLEIT MO AP R St 25 3 AT o5 40 M A 5

FA A KR Oxidative damage to rat W oL T B 45 53
K HIC2 O L4HNIE Large H9c2 cardiomyocyte fEE Nef2 25 AL, B0 N2 38 H% 54
U 138 K B Rats with heart failure [ PGC-1/NFR {553 A2 #E LMK AR )6 1 55
SD K i SD rat JHEE JAKL/STAT3 15538 % 56
Efff: (flr:l:rzvuil(mfllgfgl cardiomyocyte miRt-34a ik 57
JHeREAE /N B Sepsis mice g O L Sirt {75538 58
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