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SIS ER CETF) 18T Piezol/NO/cGMP BN E T TS HEEESH
LD TRB

BHF, AR, NER, £TE, #2%, £ 5, ARE
HEZGRER AR 2B TLI5A P AT SR SR, V05 Mal 211198

H OE: BW HIPEHHRAER GET) (Yigi Fumai Lyophilized Injection, YQFM) ik _Fiff.Co i P 5 HUM UK B85 138
J& (piezo-type mechanosensitive ion channel component 1, Piezol) ¥ifi—%ME (nitric oxide, NO) {55 i@EH, Mgl
HUIER, SGE s A A ir8et 71355 (heart failure, HF). 7335 KA LTSIk S 46% (transverse aortic constriction, TAC)
FAREIZ/NR HF 8, RJ5 2 & ip AFEFE YQFM (0.13. 0.26. 0.53 g/kg) MEFEHEH (20 mgkg) HATTFW. 49T
T4 J JE R R OB Pl O IhRE AR SRTIKZEAFA (hematoxylin-eosin, HE) FI Masson 4 (340 Co 55 B4 475 S
FHNFRE; KA OIS, LIERESREKEIE. NERZFEER (wheat germ agglutinin, WGA) Je@ i LiEE
RO A KRR T, SR A ME AL . gRT-PCR. Western blotting A % 9¢ Y Ye S5 ARM M HF AH AR EW %
Piezol/NO B KR M RILZN . R YQFM 355 TAC F S/ RO IhAefEis 50T EM (P<0.05. 0.01), JF
BWRARGEMEAL. ONAIRERALOLIA 4L (P<0.01). HLEIFFARE YQFM B&K IS LR s £ LS & A
T (cardiac troponin T, ¢Tn-T)+ N HKufi B ZFHKFT4& (N-terminal pro-B-type natriuretic peptide, NT-proBNP) 7K*F (P<<
0.01), FE T CNEAE KA ST KL 4RI (natriuretic peptide A, Nppa). B BLFIG4k (natriuretic peptide B, Nppb)-.
WIEREE A E 5 7 (myosin heavy chain 7, Myh7) H4F4EAUAHICHERE 1 BURRA A ol % (collagen type I alpha 1 chain, Collal).
MMAREFRE A al 5 (collagen type III alpha 1 chain, Col3al) [JFRi% (P<<0.05. 0.01). YQFM if A] & & P UF i 4 2 AL
F1 1 (follistatin-like 1, Fstll) FIPYJZ&-1 (endothelin-1, ET-1) & (P<<0.05. 0.01), [FIFRHEFFIIIE S LAF4LIH NO K
AR 1 (cyclic guanosine monophosphate, ¢cGMP) 7K°F (P<<0.01). It4h, YQFM &2 LiROHEN ANl Piezol & H
SRRl BB — SR A (phosphorylated endothelial nitric oxide synthase, p-eNOS) HIZFiL (P<<0.01). £ YQFM
B FIEA R Piezol RIEIIHE eNOS/NO i@, S LIEDIRe S EM, ML UAMATIS, MK IEST HF /EH .
KRR FEHTHBAEN GET): Ol OIWAER: FIMK545%; Piezol/NO/cGMP i %
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Yiqi Fumai Lyophilized Injection ameliorates heart failure induced by transverse
aortic constriction via Piezol/NO/cGMP pathway
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Abstract: Objective To investigate whether Yigi Fumai Lyophilized Injection [JE4f 25 E Mk G&T) , YQFM] ameliorates
myocardial hypertrophy and pressure overload-induced heart failure (HF) by upregulating the cardiac endothelial mechanosensitive
ion channel Piezol and activating the nitric oxide (NO) signaling pathway. Methods A mouse HF model was prepared via transverse
aortic constriction (TAC) surgery. Two weeks post-operation, mice received intraperitoneal injections of different doses of YQFM
(0.13, 0.26, 0.53 g/kg) or captopril (20 mg/kg) for four weeks. Cardiac function was assessed by echocardiography. Pathological injury
and fibrosis were evaluated by hematoxylin and eosin (HE) and Masson staining. Cardiac remodeling and cardiomyocyte hypertrophy
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were assessed by heart index, heart weight-to-tibia length ratio and wheat germ agglutinin (WGA\) staining. Serum biochemical assays,
gRT-PCR, Western blotting and immunofluorescence were employed to detect HF-related biomarkers and the expressions of key
proteins in Piezol/NO pathway. Results YQFM significantly improved TAC-induced cardiac dysfunction and remodeling (P < 0.05,
0.01), and alleviated histopathological disorganization, cardiomyocyte hypertrophy and myocardial fibrosis (P < 0.01). Mechanistic
studies showed that YQFM reduced levels of cardiac injury markers cardiac troponin T (cTn-T) and N-terminal pro-B-type natriuretic
peptide (NT-proBNP) in serum (P < 0.01), and significantly downregulated the expressions of hypertrophy-related genes natriuretic
peptide A (Nppa), natriuretic peptide B (Nppb), myosin heavy chain 7 (Myh7) and fibrosis-related genes collagen type I alpha 1 chain
(Collal), collagen type III alpha 1 chain (Col3al) in cardiac tissue (P < 0.05, 0.01). YQFM significantly decreased the levels of
follistatin-like 1 (Fstl1) and endothelin-1 (ET-1) (P < 0.05, 0.01), while elevating the levels of NO in serum and cardiac tissue and
cyclic guanosine monophosphate (cGMP) in cardiac tissue (P < 0.01). Furthermore, YQFM significantly upregulated the expressions
of Piezol protein and phosphorylated endothelial nitric oxide synthase (p-eNOS) in cardiac endothelial cells (P < 0.01). Conclusion
YQFM improves cardiac function and remodeling, and inhibits cardiomyocyte hypertrophy in HF by upregulating endothelial Piezol
expression and activating eNOS/NO signaling pathway.

Key words: Yiqi Fumai Lyophilized Injection; heart failure; cardiac hypertrophy; transverse aortic constriction; Piezol/NO/cGMP

pathway

YO AR SR BE 1 R ) EAS E AR ARTNE, OL
AHRE 2 AT AR AR R, 1K — i R AR O LA R T
SRTT, ARNEAIAAEAE , 8 B O LR DRI N
AR N0 71355 (heart failure, HF) )5 8E FE &
Aili2-31, FECWUIR R AR B, O KNI 5 2
BB AR AR - S5 AR 4L,
PAYERFIE R TIRE, (HREE N MRS, 180 E 18
PIR e FELEY K B ThRE N %, OIE RS
HA K ENHF, HRFEIETH, Bk, @
R 2 5 0 U K B 58 % 5 40 M R 55 00
BERE AT, AT DA RGO ILIER, B I 778 1 A
P H HEFS7), J@ ik fi) O NIRRT 22 HF it
Ji& & — P B A T S IR YT SR

AR, M A K DIReRIALE HF RAEK RS
VRS2 BT 2 K O N B4l R AN L 5
OIHL Z A pEfE, BERIERISMESE,
BB — AR (nitric oxide, NO) ZyE MK+
P R RBK T O NUE RN 4E4L, gEFr
OEFRSE, YR NO AR EEH N A —
AR A B Cendothelial nitric oxide synthase, eNOS)
Ak, HAYIRI L T R N R D RERE AT I i 0 R
fF, 5 HF KB REEFEUAHKE,. e R
RS FIBIEA M 1 (Piezo-type mechanosensitive ion
channel component 1, Piezol) & P4 57 4 M JB % i 7%
BY) 755 WA B O B o AR B AR U0, BF R
B, Piezol #IUE /G, RelldMI=dLAEES,
BTS2 eNOS FIBERR b 5% 1, ZIRTTAE NO
RIS B FIALEI0 N, 5 R I8 A S RS

N, Piezol MRIEBLIRES 2 MELLIER S L
=EMU, JHE, A Piezol/eNOS/NO 15 5 #ln]
A2 TP 7748 F fr M HF [ B BB AR

VRS a8 B MK (%) (Yiqi Fumai Lyophilized
Injection, YQFM) &I T4t & 77 HIIAR h 24511177,
LS, £ AT 3 BRIP4, BRI SR
X HF B350 DhRE A SEEE U1, YQFM (1))
B O T DML 2 0ESE) FfR e
BIRE %0 DLAEDDIE VPN A 78 I 2585 T 42 A
3 NIRRT 2 e e PTEEFR AL T IR SR pl1s-181,
FARERFTE R, YQFM G PUONLGRIL, 5=
RS L2 P2 B PED 0200, IR PRI 7T IR 3878 YQFM
A% id T B 2 PRI IS M 2 25-1 (endothelin-1, ET-
D KFL $8FF NO KF, AR HF 3 e
W DIRERY, BT B s, AR YQFM
SR B REN R Piezol FRiA, iuH
eNOS V&P, it NO Azl f H i A il i 5 4
(cyclic guanosine monophosphate, cGMP) {5 5 i i
OSSR ERE O NUIE R, B8 K 1 6
i1 1 HF,  PUHN YQFM 11l R R FH H2 44 5 7%
N BRI HE 2B AR
1 M8
1.1 =¥

SPF 2V ICR /NRR, A& 20~22 ¢, HHYL
IMEOVE TR AR A IR A R, fF6 5 iE s
N EARE, SN B -S4 IE S A202310080179,
YFATIES 9 SCXK (#7) 2020-0019. /MR 5 H,
FFRERN 24 °C, MXHEEA 40%~80%, HH
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HEEYOK, ENMATE T d EITIASE . S fE
T R AR 3508 7 rh [ 2 R K A S5 sh A B
My, ASFEALE SN 2023-03-023.
1.2 4HRE

HUVEC Ak N Bz 4l fl HOc2 K ROVl
S E e R 2 B 2 A P SR
1.3 AR5

YQFM ([H Z5#EF 220060463, #it5 20221111,
F 0.65 g, 1 FH AT 0.9%2E B E /KL HD W E K
BRI ZH2N AR AT Piezol Fifk (k5
00121356). p-eNOS Fifk ({it5 0028939). CD31
LR 00114609) BRIEIN AL & 1 1 (follistatin-
like 1, Fstll) $ifk (45 00048954). WIERE [ E
B 7 (myosin heavy chain 7, Myh7) $ifk (L5
00101476) Hilif-3-wE M i Z M (glyceraldehyde-
3-phosphate dehydrogenase, GAPDH) Hifk (#it%5
10029187) ) H X =& EMHARA R AR It
% IgG (H+L) Dylight488 (k5 CL89330). f#ji
i 1gG (H+L) Dylight 594 (#t5 CL89330) Iy H
Bioworld AMHFHE AR AR LU EA T
(cardiac troponin T, ¢Tn-T) ELISA Rif)& (L5
P112Y). N Ky B BFIENIKHETIA (N-terminal pro-
B-type natriuretic peptide, NT-proBNP) ELISA {7l
& (k5 POO9M). Fstll ELISA ik & (5
P233Q). ET-1 ELISA i{fl& ({5 P376Y) i H il
NEEAY TEAR LA NO A& (M5
20230916) W H FE g BAED) LB LT cGMP
ELISA R & (it CEA577Ge) W H N = 7 b
BRI ARAR; NERZFEEZR (wheat germ
agglutinin, WGA ) %% Y 44 38551 (L5 0000382191)
6 3 % H Invitrogen /2 F]; RNA R (#5
TE0761A4) #5537 S (iS5 7TE0852M5).qPCR
Master Mix 77l & (L5 027E22621A) W4 H /584
MEFE A VIR I A RR A ]
1.4 45

6-0 B 224022k (MR & BT H i
I B BR A KB S A4 CRIBITT =R TT
BWAERATD; 454LH 27G S5 (HEHE EURE
IT 2 E BR A ] s AMRL I A ATHR R BT (L4 b
FARIZEM D; wi78908 BYHL T RF (RIUIEHLA
FR/AT]); Criterion™ Blotterx % 47 173 L85 JEAN
PowerPac™ HC %Y H1,3k 1% « Universial Hood 1174 4¢ 5%
g #2450 (3£ Bio-Rad A7]); Vevo 3100 F/h5))

Wi AR R4 (INE K VisualSonics A F] )
RM2235 M7 UI A ML (HEH Leica 2 7))
NanoZoomer S210 Y Ad i B ) v JHH{ (HA
Hamamatsu ‘A7) ); QuantStudio 1 FYSEZH} %€ &
PCR 1% (ZE[E Applied Biosystems 4 7] ); LSM 800
RPOLIRERME (EE Zeiss AFD.
2 BE
21 MR EBNPKS 4EE (transverse aortic
constriction, TAC) HF #&&!0HI%

/NER ip 1%L AR, £ R, I
5l essg Ak e s 2 AR A BT, BT s
2 WhEasaiEl, Bk, R
BRI, FRSASAR RSO R, $BIT 7
XK S, EHTITFL, FH 27G R/
TSR Ab PR, 478 B Ja mT D0 e I35 30 ik 4 2 4
0, $ea TAC @A) . Bl /N0l 4 72 5, 4%
GMREAR R, WS 6 J, AT 25 s 778 gy 2
HF /] ERBE A 1221,
22 DIDES%RE

70 RHEYE ICR /ANRBEHL - AR TFARA. BT
AR+YQFM 41, BAZ K YQFM fik. . &l
(0.13. 0.26- 0.53 g/kg!3)) 4FIRALEF] (20 mg/kg)
H, FH10 A BFEARACTFRA ISR, HR
HAHYE I TAC #57 HF B8, T RJGE 2 JF46
Y57, %A ip AR P EEE AR AR B EROK, 1 K/,
EEERLT2 28 d.
2.3 BAELHERN

KiIK%:25 24 h i, SR RGERNRRIE N
KNS S AR R Gl O D Re . Wl il A
F 5540 (left ventricular ejection fraction, LVEF).
f B %% (left ventricular fractional shortening,
LVFS). ‘Uit & (cardiac output, CO). FFHfiH &
(stroke volume, SV ). 7& = & 7K K i 8] g & &
(interventricular septal thickness at end-diastole, TVSd).
FBWARAR NG REJEEE (left ventricular posterior wall
thickness at end-systole, LVPWs). /& % & 5K K j5 5%
JEFE (left ventricular posterior wall thickness at end-
diastole, LVPWd). K IEJ5 A =i (corrected left
ventricular mass, LV Mass Cor)s
24 LEEEEAOCIERESREESKELLERNNE

FH/NREEE 12 h e E, MHRERE
i, =EEFE 1h, 3500 /min #5010 min, B
WO ZEARAT o THHCOE, FilvA PBS st sk B8 i I
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PEARIR T, PR AR, SRR % R RRE
LR, THEOIEREE. WECNRERIEE, %
PRI, RHZIE RN EREKE, THEOIE
RES R EKEE.

O FE B = 40 R R/ R R
2.5 WGA FEMOAMAEK N

OHEAVK PBS 50, £E . MK 5
W, =20 CHE, KEVIAHLY) S pm FHL ),
W B 2R A A b IR 30 min, EH PSSR
I WGA 4% (10 ug/mL), 4 CHFHE L& ; DAPI
gett 10 min f5, B, FHBOCILRE RMEIEE
R A
2.6 FARZE-FZ (hematoxylin-eosin, HE) #0
Masson F & 22/ 2H LA FRIBT L

BULEH A EEY) Fr 28 il 307 B TR
yE3E4T HE Al Masson 4etfy, S8R HHERAT) )7
EHAT IR 77
2.7 qRT-PCR # U /0> i 2B 42 /0> 5 99 PR Bk
( natriuretic peptide A, Nppa). B T F|%H Bk
(natriuretic peptide B, Nppb). Myh7. 1 BIfR[E&E
H al $& (collagen type I alpha 1 chain, Collal)
FMIMARZEER ol % (collagen type III alpha 1
chain, Col3al) mRNA XX

BUNBOOBEZ DEHN, AN RNA R,
PR S U0 PRI RNA JEG R cDNA,
1T QRT-PCR 727 SIPFFI WA 1, LA Gapdh N
ZHEH, SR 278k H BRI AR R IA
2.8 [MFEEIEFRAVIEN

BUNR ML, RSSO HIE ¢Tn-T.
NT-proBNP. Fstll. ET-1. NO /K.

*=1 51455
Table 1 Primer sequences
HE SIFESI (5-3°)
Gapdh F: AACTTTGGCATTGTGGAAGG
R: ACACATTGGGGGTAGGAACA
Nppa F: TGTACAGTGCGGTGTCCAAC
R: CGAAGCAGCTGGATCTTCGT
Nppb F: TTGAAGGACCAAGGCCTCAC
R: CGTTACAGCCCAAACGACTG
Myh7 F: GGAGGAGTTTGGGCGAGTCA
R: CCAAGTTGTCTTGTTCCGCC
Collal F: CTGACGCATGGCCAAGAAGA
R: CGTGCCATTGTGGCAGATAC
Col3al F: TGACTGTCCCACGTAAGCAC

R: GGAGGGCCATAGCTGAACTG

2.9 Western blotting #&:(:BiE2HZR Fstll 1 Myh7
EA=E S

BUNROEAL=EHL, IAE 1 mmol/L
PMSF [ RIPA ZFE T-UK 2%, S008I, R
Fi BCA 76 € 85 FRFE . I\ i& & 6 X Loading
buffer, 100 C&JEI 5min &AM . &EAFEN
28 10% T be R0 BRAN- 28 DI e et e Lk, 7% 2
PVDF 5, HOA 3%4-1M3E F & H, =R IRE H
2h, IIA—%i, 4 CHWER; TBST ¥k 3 X,
10 min/¥%, IO ZH0, =\ E 1.5h, #HhN ECL &
R, KRB ARG I M EE Rk
210 HERRAFEKRMOIELELR Piezol 1 p-
eNOS EAFRIL

B EH LAY A, ZiR-F#7 30 min, I
0.2% Triton X-100 i&1L 20 min, JIA 10%4- 1MLiE
T A ERE A 30 min, FM—P, 4 CHEIR;
WINPT, DAPI %% 10 min Ja3 ), 8 E063
REEMENE IR .
2.11 OBEZEE G NO F1 cGMP KRN E

BN BRI A2 O 2 204, 42 BRI e idd B 15 0
€ NO fl cGMP 7K~
2.12 SZHES

Fir 5 # K H GraphPad Prism 9 #4147 4011
IYHT, SEIREHRE A X £ s Kow, 2 ZH IR i b A5 X
BT Z 0 243 4lek 3 0L E Euir e &
T 2201, S8 )5 K H Dunnett’s ¢ #6556 o
3 Z#R
3.1 YQFM %t TAC iFS8) HF /RO AaTh a8
L E EHIRIRN

FA/NEE M B LS L 1-A ] 1-
B~1flizn, SIRFARALLE:, HAA/NR LVEF.
LVFS. SV. CO BF[(L (P<0.01), H.oo kil
hREHBLEARS ; FINEERZH /N LVPWs. TVSd.
LVPWd. LV Mass Cor E3E34 /I (P<0.01), F*H
RN IO = A . SRR A, YQFM H
m AR A -RFEE R4 /N R LVEF. LVFS. SV, CO
BFETE (P<0.01), YQFM & EAHMEIE %A
41 LVPWs. IVSd. LVPWd. LV Mass Cor .2 &1k
(P<<0.05. 0.01), YQFM H5l&2H LVPWs. IVSd.
LVPWd & # K (P<0.01), YQFM &7 & 41
LVPWs. LVPWd &3 [#fik (P<<0.01). PL E&5RE
B YQFM F] 45 24253 HF /N 5RO I WL 45 B RE A
FEEM, HAEWIER/NREOETEE.
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[EEN YQFM 0.53 g-kg™ RAEEFI
B C D
100 50 801
L] . o *k
» o
LJ * 60 *o* b
## hd

LVEF/%

0,
AR BFA B 013 026 053

i EFAR A+ B 013 026 053
YQFM YQFMAgkg™) A YQFM YQFM/(g'kg™)
F G
1.59
#H

=3
N

LVPWs/mm
IVSd/mm

0
TEFAR A B 013 026 053
YQFM YQFM/(g'kg™)

it
il

0
PR A B 013 026 053

YOFM  YQFMigkg')

A-RRERYE M B LEIEER: B~T-LHEDIAE S SRR b ST ARAILE: #P<0.01;

NSIGE

Tt
A

Tt
A

LVPWd/mm

SV/(mL-min")

0
A BEAT B 003 026 053 4T A BERAT B 003 026 053 4T
YQFM YQFMAgke") A YQFM YQFMAgkg") A

I
1.5 s 200

- 2150

1.0 v T B
. - : - z 00

ed 2

0.5 =
2 50

0
TEFA BEFAT #2013 026 053

EFRETAH B 013 026 053 I e
YQFM YQFMi(gkg?) HF] YQFM YQFM/(gkg?) HF]
SRR "P<0.05 P<0.01,

A-representative M-mode echocardiographic images; B—I-statistical analysis of cardiac function and structural indices; *P < 0.01 vs sham group; "P <

0.05 "P<0.01 vs model group, same as below figures.

1 YQFM %t TAC iS5 HF /MO BRI se AL E BN (X £5,n=6)
Fig.1 Effect of YQFM on cardiac systolic function and ventricular remodeling in TAC-induced HF mice (X x s, n =6)

3.2 YQFM %t TAC iFES89 HF /NFRiOEB R RIE
S ST RN

MHLGTER V-G YQFM X 1K 748 47 1 8
HF HIE2m, %A HE 1 Masson Z 850 /)N B O I 2H.
BT EL A0 M. HE Jetass it (- 2-A) &R,
SR FARA R, BN OUIHS S R 2%
fil, AT AULAFZERT R ANRAR G, AT 5 S 98 1
YHALIZE; YQFM FN-RIEFH T 105 0 WLZE e 453473
BN E, ARHYE TR, RUERERZE. 4
ZUR AR (B 2-B) R, ST ARAL
B, R BE S BE T R (P<0.0D); 5
MR LA, YQFM HR 7l B 4 AR 85 1 4 9
FRARAG VP00 53 PR (P<<0.05. 0.01). Masson 4
g R (B 2-A) BoR, BRI H R
R ORI, R AR I O LAT 4
s & YQFM JRIT)E, W C i B URR X 3 B sk
Do IR B E BGHr (- 2-C) %W,
TR ZH () A AR BT 2 2 v TR R4 (P<<0.01),
M YQFM &7l f 20 Fl-R4EH 4 2 e ol 2 P A

JRAA M E (P<<0.05. 0.01), FHILF4Efb3EfE. LA
EEESUESE, YQFM RES A 4% TAC 55/
[V Z5497,  FEAfl O JULIA) BT 2F Ak ) A
BAEZm IE 5 /N RO AT .
3.3 YQFM Xt TAC ifS#) HF /MR M E AR
FREIRIS 0

VAL YQFM S & 78 £ g B B0 LA 493 1)
PRI ER SR BLISA J2A8 00 ifn 37 Hh O VL5 15 2
VR EYAKT . W 3 R, S5HEFRAEE,
FERYI /N R MIE 1 ¢Tn-T Al NT-proBNP 7K>F-35 &
EHE (P<0.01); HEHRALLE, YQFM H1. &
FFEFN-RFEEFI /N R L35 A+ ¢Tn-T F1 NT-proBNP
KPR EFRL (P<0.01). £ YQFM AEWs A 3L
A% TAC 75310545, HASREMA 1E 5 /N
(70 L2 453475
3.4 YQFM Xt TAC 55/ HF /MR /L REEAFLD
AIL¢mAEAE KB R0

VAL YQEM SO fIF S5 RS2, G o
A, RESER. W& 4-A. C. D Fin, S5ETF
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BFAR+YQFM

YQFM 0.13 g'kg! YQFM 0.26 g-kg! YQFM 0.53 g'kg'! il

5

&

C
1007

& s 807 T
B b *
e 8 601 v
i =S
by {(43 40 w5k
S =
S = 204 w5k

0 TR BFA+ B2 013 026 0.53 R BFA BFAS B2 013 026 0.53 F1E

YQFM YQFM/(g'kg") I YQFM YQFM/(g'kg") A
A-DJIEZHZ HE il Masson e (AR MRS (X200, #iki8m ONAF4EHRY AL REAIIRIE . 20RAE K SR R DT SRR M AL X i B-
WL BB VRS C- LWL R SR AR B vt 43
A-representative images of heart tissue stained with HE and Masson (% 20), arrows indicate representative lesion areas such as disordered arrangement of
myocardial fibers, infiltration of inflammatory cells, cell hypertrophy and collagen deposition; B-histopathological injury scores; C-statistical analysis of

collagen volume fraction in myocardial interstitium.

2 YQFM f TAC S8 HF /MR OIHANRESF TN EAE NG (Xts,n=3)
Fig.2 Effect of YQFM on histopathological changes and fibrosis in cardiac tissue of in TAC-induced HF mice (X £s,n=3)

10007 15007

## fj
800 at o ~
£ : 2
o - £ 1000+
L oy o & .
s
=
. 400+
g 8 né s004 (S| | m
200 [E
- T 0 T T
PR PR+ B8 013 026 053 Fit RFEAR PR+ B8 013 026 053 Fit
YQFM YQFM/(g'kg") I YQFM YQFM/(g'kg!) ¥ FI

BFARA n=10, BFR+YQFM 41 n=9, BH4 n=8, YQFM HFIEM n=9, RILHFIH n=7.
Sham group n = 10, sham + YQFM group n = 9, model group n =8, YQFM each dose groups n =9, and captopril group n = 7.
3 YQFM Xf TAC 38 HF /)R ILEFOAIRGAGIRSYIRRNE (X £5)
Fig. 3 Effect of YQFM on myocardial injury biomarkers in serum of TAC-induced HF mice (X £5)

AR LR, BRHNRCIATRHEER, OIEFE AR

. DR ESREKERMEEZET R (P<001); 3.5 YQFM X TAC i5S5H HF /MNEOALBEKRS4F
SRR, YQFM S EAM BIE SR 400 SRS

B 05T B 5 i K T LU 2 2 PR IR (P<<0.05 NP ERTE YQFM Xt 7748 67 A B 850 L
0.01). 8T WGA BT QAR 1 BRI, KH Westernblotting. ELISA 1 qRT-
Kl 4B, E fior, BOARLOHIBEETAEMET  PCR HAMM O ME A 4P JE K 5 27 4kt A o br &
RHAEZEIN (P<0.01); 17 YQFM K RITEFNG  #RIEAKF ] YQFM E IR AT O IR & 48 bria
7 REAE RN H O IE R (P<0.05. 0.01). R JFRCREEZE, KA YQFM &l EA it 7. W
YQFM R TAC 53 HF /R 1O I FE A4 5-A~D Fin, HBRFARALE, HBEHNR O
O IEHRAE R, BRI IEE /NROIEEMALGHL RS OIUBE KA E A Fstll 1 Myh7 &1L &
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Lo L2 AR A A T A/

0+~ .
BEFA BFEAF BE 013 026 053 R4
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A-DIEREMESI I A B-WGA Bt Bl O U BTH A DOL G (X20); C-LAEfREG D-CHERTE SR E-KELLE; E-O NI

B =T

A-representative gross morphology of hearts; B-fluorescent images of cardiomyocyte cross-sectional area stained with WGA (x 20); C-heart index; D-

heart weight to tibia length ratio; E-quantitative of cardiomyocyte cross-sectional area.

4 YQFM I TAC iFSA) HF /MR D AFEMFLOA AR KRN (X£s,n=6)
Fig. 4 Effects of YQFM on cardiac remodeling and cardiomyocyte hypertrophy in TAC-induced HF mice (X s, n =6)

# Ll (P<0.01), IMiEH Fstll /K FRETE (P<
0.01); SHEMALE, YQFM mEFE4LIGTT 5 0IF
M Fstll 1 Myh7 RIEEZE T (P<0.05.
0.01), YQFM 1. f& & 4 AR 58 A 4 1 i
Fstll /K2 ZERK (P<0.01). 1K 5-E~G FinR,
R FARA N, BZH /N RO B ZH 23 A BE K AH 5%
X Nppa. Nppb . Myh7 (] mRNA FKik15 5% E
W (P<0.01); SHEAALLEE, YQFM H. &l &
HANRFCEF|H Nppa Nppb J Myh7 ) mRNA %
B EE T (P<0.01), YQFM K7E4] Nppa-
Myh7 [f) mRNA RIEEE T (P<0.05). WK 5-
H. I fior, SEFARAEE, HAAH /N AFH A
rRETSEAL AR IEI Collal. Col3al 1) mRNA Fik
PR LR (P<0.01); S, YQFM .
R EHM RIS FIA Collal. Col3al H] mRNA
FKEHEETIHE (P<001), YQFM &7 &4
Col3al 1] mRNA £ W% T (P<0.05). DL 45
KK, YQFM RefE A RANH] TAC 75 F 1L
FRE AR S AT i RS, HL IR R /N R IR TE R

3.6 YQFM % TAC iF5S8) HF /)R ILER K IhaEE
FRAZHIRY 20

NERFE YQFM X & S fifef I HF 74 2
DifetE R, A LiE N B DhRebr S RIS K.
Kl 6 fim, SBFARAIE:, BRA/NR ES ET-
1 KFBETE (P<0.01), 1 NO /KF B EREIT
(P<<0.01); SHEAAE, YQFM . &7l
FIERLUNRIE S ET-1 K PFEERIK (P<
0.01), FEZi4H NO KFRETE (P<0.01). &
B YQFM REf% 2435 He 778 17 far 175 5t HF /N BRI A R
Thiekss, E6IEHE /NS A B Dhae - o m .
3.7 YQFM Xt TAC S8 HF /ME/OBEZEER
Piezo1/p-eNOS & NO/cGMP & & HI52M

gity FiREE R, YQFM mifllE (0.53 ghkg) 41
Xf TAC #5511 HF /MREGESR BN EE, KH
YQFM =il A AT HLHIIT 78 o K e e S e i
Tor OO JIE P R RBRAE 5 T HIRIA, @it CD31 5
Piezol. CD31 5 p-eNOS XU EE 513 ¢ s Ye A0
JIE A Bz 5 Piezol Al p-eNOS ik 45tk Wi 7-A~
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i 5 3 1 3E 5 201 i 2 o .
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0 E
EFA BEFEAT B 013 026 053 RiE BEFAR PR+ #8013 026 053 Rt

BFAR BFEA B2 013 026 053 RiE
YQFM YQFM/(g'kg™) A YQFM YQFM/(g'kg™") A YQFM YQFM/(g'kg ") A

A~C-ZH/NR AT Fstll #1 MYH7 & E IABNRIEKTF (n=6); D-FH/NRIMLEH Fstll /KF (BFARH n=10, BTFR+YQFM 4
n=9, MM n=8, YQFM &ZHI&EM n=9, FILYHRIH n=7); E~L-FAH/NRLAFHLH Nppa. Nppb. Myh7. Collal. Col3al mRNA 4
RGN BRTFARH n=4 506, BTFAR+YQFM A n=4 806, HHH n=6, YQFM %A n=6, FHEEFIH n=6).

A—C-relative expression levels of Fstll and MYH7 protein in cardiac tissue of mice in each group (n=6); D-Fstll level in serum of mice in each group
(sham group n = 10, sham + YQFM group n =9, model group n =8, YQFM each dose groups n =9, captopril group n=7); E—I-relative mRNA expression
levels of Nppa, Nppb, Myh7, Collal and Col3al in cardiac tissue of mice in each group (sham group n = 4 or 6, sham + YQFM group n = 4 or 6, model
group n =6, YQFM each dose groups n = 6, captopril group n = 6).

5 YQFM xf TAC 53 HF NE/OAUIB A SAFHELRIRNG (X £ 5)
Fig. 5 Effect of YQFM on cardiac hypertrophy and fibrosis in TAC-induced HF mice ( X £ S)

150 601
kK
™ o ek
- o a
T, 100 5
g 3
2 i
i‘ 50 S
= z

0
PR BFPEA+ HE 013 026 053 KRG PR BPEA+ BA 013 026 053 R4t
YQFM YQFM/(gkg")  EF| YQFM YQFM/(gkg") A

RFARA n=65 10, HFAR+YQFM 4 n=65L9, M n=68, YQFM ZHIEH n=065k 88k 9, KITHWFIH n=65K7.
Sham group n =6 or 10, sham + YQFM group n = 6 or 9, model group n =6 or 8, YQFM each dose groups n =6 or 8 or 9, captopril group n =6 or 7.
6 YQFM %f TAC 53 HF /MR IR R INEEREMRIRN (X+s,n=6)

Fig. 6 Effect of YQFM on serum endothelial function markers in TAC-induced HF mice (X + s, n=6)

D fi7R, Piezol Fl p-eNOS {55 EE /AT CD31  ZH Piezol 5 p-eNOS [RIEHF R EWRE (P<
BHE N X3k, SRFARAE, BAANROE 0.0 AT NS 5@, A FL4H L
N H Piezol 5 p-eNOS GG SHEEIRE WL F1 NO S HEE (5 cGMP KT, 255 7-E.
g5 (P<0.01); & YQFM THiJ5, HF /NROAEN  F B, HSRFERAE, HAAE/NROVIHS
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YQFM 0.53 g'kg!

A. B-DJIFZHZUT Piezol A p-eNOS MR T6 Y EIE (X20); C. D-DJIFN K Piezol 1 p-eNOS T2 iR E I E BT E. F-0 LU

¢GMP 1 NO 7K ZE R T

A, B-immunofluorescence staining images of Piezol and p-eNOS in cardiac tissue (x 20); C, D-quantitative analysis of Piezol and p-eNOS fluorescence

intensity in cardiac endothelium; E, F-quantitative analysis of cGMP and NO levels in myocardial tissue.

7 YQFM %t TAC iESH HF /NEOBEZELR Piezol/p-eNOS Rik K NO/cGMP BIREIZNE (X+£5,n=6)
Fig.7 Effect of YQFM on Piezol/p-eNOS expression and NO/cGMP pathway in cardiac tissue of TAC-induced HF mice
(Xxts,n=06)

NO il cGMP /KFRZEFFIK (P<0.01); & YQFM
THi)5, HF NROUHZ T NO Al cGMP /KT &
FTHE (P<0.01). PLEZEREY, YQFM REWSIK
2 TAC %531 HF /NSO IE N Piezol/p-eNOS %
iE, FIEOHIZEZ NO F1 cGMP fERIE
4 g

HF &2 ful M B0 KR ZR I B, Hx
O B AR QU AE R . OEEM . LI
HiAl Ko N B2 T BERE RS ER5), TAC REAY ] 38 i 189 n /2
G S 5 0 SRR O UK A HF, 2
FoR BN I EM S MY . B TR,
TAC ARJ5/NHIL LVEF. LVFS. SV fil CO &%
B#{%, TVSd. LVIDd. LVPWd & LV Mass Cor H &
T, RIS PR Bl Co BT B3 0 O LA B s A T A
B, COAEF4EML K % ¢Tn-T+ NT-proBNP /K-
Fhim, PR A5 S T ALY HE fLO = E

FRAIROL, SR T B~ , YQFM 7E 8 O 2l
ONUEESE 2 Rz b IR B KA N ARG OB 2 i S AR
JE AL S0 R 1R T RN R AT AL
FExT HE BA BMSGEEA R, H YQFM B &L
ZIREe AT WAR T HF BE OIS M4, B MK
137 BNP 7K, ZEfRIG R IR 5 4R RS0, BEAE I
PRETAFFEPE e Bk 45 315 510 HF /DRSS R S
AHFFAER YQFM K. . H77E (0134 0.26.
0.53 g/kg), FFUESEIZ ) &0 Bl n] i 2 B O D fe
WO AR T I O R S5 247 44k, Horp
A E BN R . Rk, ASHE TS 2% kB
s ZWEMERIEMNE, DOt — PRI
YQFM 7t TAC 55 HF B8 i 252880 HAE R L
Hl. FEIEHE, YOFM IR 2577 R E 2 i
kT, TASHEFR A ip 4524 23t FEIE T/
Bl TAC AJG KA S5 24 1 n] B 1 F 34 22 4
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MHE. KERE v 848 5 SBURMBILE . R
hE S SRR B, P REHE N TAC RIS ShAET- 3 I3
MR RAS . ip 45251/ NR SRt e bR
W R Gi 4524577 30, ATORIESS 245 77 SAH 0 HER . BRE =
ST, I 2T YQFM JEAA 7T i L9201,
SEAh, YQFM Rl ik 400 «Co UL L 35 T2 3R 5 B
W&, ARG TAC 5 31O NUIEREY . At
FE—BRW], YQFM BEWS ] K TAC i3
HF /NGO IR Th ARG E AR . iR 03
/N B O M BB AT BRSO LT A K 410
HOHUE R G L 4E4k, SO IR A0 N B2 4547
W] 4% HF .

OB R HE A eI OB g BEIA Y, 32
Z MBS Sl R, M N B DRSS TR 2 IK
5l HF RSB R & O P B2 40 AN (S i i
T~ O LB B, SE R 55 7 W B 3 Bl T O LS #)
L IhRER+), b NO/cGMP B 7R R 55
HEA/EHIBST, NO AL N B 55 70 WA R 7
AT RO, 2 CUIE R R AR B8, RO
LA, NO I8 I RS R AL BE S 1
T cGMP A, WS T IERAE S B9 je4t,
Z I TERY, 259 m] LLBRL 12 NO/cGMP 55
TEEEHNHE AL, TVRTT HFH, Piezol &2 K 4H
RN MR BT ) /3 A% DA UL i, HLBas ml o
T BT NI, T I O A/ R R RO £
II( calcium/calmodulin-dependent protein kinase I,
CaMKID) F15 H¥# % B (protein kinase B, Akt) 4§
BAEERE eNOS BRI, 1IN NO A& . A
WHIT S5 RAUESE, YQFM RIS 2 5 o/ B0 BIE P 2
Piezol ik, it O IE N K2 eNOS HIBERR 7K,
M EE T NO/CGMP 155 735 51815, KIE
O ILBE K B O AR T o A 78 48 75 Y
Piezo1/NO/cGMP i@, 5EEAEIER YQFM HiAth
YERIALHI R ARISIAZAE, TR T — MFEAENTE
R S AEASIC P R M 45 . 40, YQFM ml i@ id
PHIEIEMES (reactive oxygen species, ROS) A Al
CaMKII {5 5 B LKL AAR T RERY, T Piezol B
T 51 RS AR IE A2 W0 CaMKIT &8 RIS 5 146
FHEFE. FHik, YQFM mIAgidEd Fii AN Piezol,
BET A CaMKIT 25 2 0% eNOS, {2 NO 4=
o [AEE, AHFF RN YQFM $#27FF) NO/cGMP 15
=5 BA R T 4EL BN, cGMP AT IO ALK,
LR YL A RS AL 5 TR 3 WA, X R AR YQFM fig

PR O R IR R AT AL PR A B Ui 4
ML A 43T, YQFM FRZL 2, F4.
HRTFHR, SEANSEH. FLEH. KR FAR
fEF. AR, ZREZREERS. CAMAR
N, NSRBEERB BEATENNE. JiK. 55
P R DI REFI R ZRL AR T4 FH 43451, 2 &0 5G4y
FE SO LR A5 A7 001 40 0 T 7 R == AR
W7 A — e i el TR PR BRI
5Hiath Prerdetb oo NURS 1 FH AR G950, [
I, YQFM X} HF B)F15E nf fig & 2 K7 3 [
VER T2 AR BB B S 25 A RN, TR —$E 5
Y LR AT RI Piezol/p-
eNOS/NO/cGMP @, HE R & YQFM & 77 %4k
2B B 2 — . AR RS T HAE LR
KA BE ROS/CaMKII. [ WA P4 &7 T E 7 T A
7L, AJHEN YQFM VAT HF B “ZEong. £
TEEYE . EEANSRA AR SR R
2i b, AWFRIESE YQFM 8 i N
Piezol ik, {2idt eNOS BEEILIG N NO & R 5%
T BEE OGN cGMP (55, F0 O L4072
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