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ESTRESERK CFT) EM L HRBRBEHAERINFITER

E R, ZBB, R FH O3, KRS KO, &4, EERS, ERET !, REER T
1. W ERZRE:, T FM 450046

2. dbEHEGRFERAENER, L% 100700

3. REHEZREE ZMEER, Ridt 300150

4. JERCRERARFE AR, LR 100700

5. LTHEREA RS, &7 I 110847

# E: BYN HAESHGESERK GET) EXE O et 0 /1323 (chronic heart failure, CHF) KR IF/E M & HL
Bl 735k KrbIREh ke Al M S FARGEILERRIIE R 75 X SD K REEHL AEIIAH, A EHKE. HiflE (464.3. 928.6
mg/kg) 4, IR (3.35mgkg) AMATEM (464.3 mgkg) +FFEEH (3.35mgke) A, HBE 15 RAVYIOgEHA
4531 SD KRIENBEFARH. L TAHMTI 2 FE, R/ S WAook R0 Thae: SRA ELISA &7 &R &4
KERITE K Catrial natriuretic peptide, ANP). [}k (brain natriuretic peptide, BNP). A JZ-1 (endothelin-1, ET-1).
DHWIESEE (cardiac troponin, ¢Tn). FHAIMIAN2-6 (interleukin-6, IL-6). JJR¥RFEAT-0 (tumor necrosis factor-o, TNF-a)+
ZHERZ IR (adenosine triphosphate, ATP) &5 &A1 LA (creatine kinase, CK)+ WUERIHFIE T/ (creatine kinase isoenzyme-
MB, CK-MB). HEALPIEALEE (superoxide dismutase, SOD) 7§ /1; RHBARAFL (HE) Jettyklig&H K R-ONEH
ZURIARI; KA Western blotting B2 K RO AFHREER B AEARIL. FR  SHFEARALE, SHEAKRLI)
Aefibn e AT M43 4L (LVEF). — 3B MANE E 18/A 1§ (E/A) FIAE =M= (LVFS) HHE FH% (P<0.001), I
¥ ANP. BNP. c¢Tn. ET-1. IL-6. TNF-o 7K*F#1 CK. CK-MB 3& /35 ZEFE (P<0.001), SOD iE{tF1 ATP 7K i 2%
TFE (P<<0.001), 7oL 2L 0 LET HE I 52 S 0o LAB B AR 1 SRFEAETT B ESCAE , O I PP IR MR W0 1Y) 2 5 e (AMIP-
activated protein kinase, AMPK). p-AMPK . ] %j ¥ #%12 £ -4 (glucose transporter-4, GLUT-4 ) 1l I BSAZHE I 54 #5 - 1 (carnitine
palmitoyltransferase-1, CPT-1) & FARIAK PR E EE (P<0.05. 0.01. 0.001), HHBMLLE, %45254 LVEF. E/A fl
LVFS # R ## 5 (P<0.05. 0.01. 0.001), I+ ANP. BNP. cTn. ET-1. IL-6. TNF-o 7K°F-A1 CK-MB. CK i 714 5.3
FEf% (P<<0.05. 0.01. 0.001), ATP 7KV SOD & /13w (P<0.01. 0.001), KE-CHUIRGEEIH RS, COIEF p-
AMPK. AMPK. GLUT-4 fll CPT-1 FE ARIAKFHEZEFH (P<0.05. 0.01. 0.001). &g FAEMKATLUATIER CHF
KBRS I 43 B A7 46 sh Be Bt o h A, I RRAR K RS DU G  EALREEUK I s fe AU, Aok CHF KR
LEERER, R A T Re R L EEME RS Z —.
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Abstract: Objective To explore the pharmacodynamic effect and mechanism of Yigi Fumai Lyophilized Injection (£ 4 F 35X &
Jik, YQFM) on improving rats with chronic heart failure (CHF) caused by myocardial infarction. Methods ~Seventy-five SD rats were
randomly divided into model group, YQFM low-and high-dose (464.3, 928.6 mg/kg) groups, captopril (3.35 mg/kg) and YQFM (464.3
mg/kg) + captopril (3.35 mg/kg) group, and 15 SD rats with incision suture but no ligation were selected as sham group. After two
weeks of drug intervention, the cardiac function of rats was detected by small animal ultrasonic diagnostic instrument. Levels of central
natriuretic peptide (ANP), brain natriuretic peptide (BNP), endothelin-1 (ET-1), cardiac troponin (cTn), interleukin-6 (IL-6), tumor
necrosis factor-o (TNF-a), adenosine triphosphate (ATP) and creatine kinase (CK), creatine kinase isoenzyme-MB (CK-MB),
superoxide dismutase (SOD) activities in serum were detected by ELISA; HE staining was used to observe the pathological changes
of heart tissue in rats in each group. Western blotting was used to detect the expressions of energy metabolism-related proteins in hearts
of rats in each group. Results Compared with sham group, the left ventricular ejection fraction (LVEF), E/A peak of mitral flow
spectrum (E/A) and shortening rate of left ventricular short axis (LVFS) in model group were significantly decreased (P < 0.001), levels
of ANP, BNP, cTn, ET-1, IL-6, TNF-a and CK activity in serum were significantly increased (P < 0.001), SOD activity and ATP level
were significantly decreased (P < 0.001), pathological changes such as myocardial fiber breakage, myocardial cell degeneration and
necrosis occurred in the left ventricle, AMP-activated protein kinase (AMPK), p-AMPK, glucose transporter-4 (GLUT-4) and carnitine
palmitoyl transferase-1 (CPT-1) protein expression levels were significantly decreased (P < 0.05, 0.01, 0.001). Compared with model
group, LVEF, E/A and LVES in each administration group were significantly increased (P < 0.05, 0.01, 0.001), levels of ANP, BNP,
cTn, ET-1, IL-6, TNF-a and CK-MB and CK activities in serum were significantly decreased (P < 0.05, 0.01, 0.001), SOD activity and
ATP level were significantly increased (P < 0.01, 0.001), myocardial injury in rats was obviously improved, p-AMPK, AMPK, GLUT-
4 and CPT-1 protein expression levels in heart were significantly increased (P < 0.05, 0.01, 0.001). Conclusion YQFM can improve
cardiac function by increasing ejection fraction and systolic and diastolic function in CHF rats, and improve heart failure symptoms
and energy metabolism by reducing serum myocardial injury and oxidative stress levels in CHF rats, which may be one of its important
mechanisms.
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Pk IUR . SR OIUEESE . 56 RO JIE S 0 fi
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DLEIODEESIIEAAA KRR R KR K. DA
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L, BARER ZZ RO EERT, 7R B B ARG ;
[F I JORER 70 C-IR M H  (C-reactive protein,
CRP). MIRAHEA F-a (tumor necrosis factor-a,
TNF-0). HZfi2-1p (interleukin-1B, IL-1p)+
IL-6 3RS 5, B ONARETRRAE, &
FeoC L BRI AR BA, s O 3 1) R R HE AR
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CHF 7EF BN [FI B B = 01E 24 40 A AN ]
BH S /KIZAE S HE R BELAHAIE 3= 2 HH BLAE Sk n =539,
A5 R s ST DA/0RE LSRAIE O <R IE AT/ BH 746 i
IMRIE R F 001, AR A AR, SR PR AE
BEANEAR. HER. 2%, HEE. HR
WU & 8BS, Bt CHF FVAYT vl Bt i as &
R P, IR L 28 KA 2L,
AP 5T 38 I A S 22 L %) TR PR 20 Kk 7 T S A LT R
(1] CHF K BRAR T 28 SR Hkooh O IhRE e 1B, oF
MNRE AR A B2 PR FL T RE A F AL
1 R
1.1 )

SPF Z i SD KBs, 130 2, A& 180~200 g,
6 B At 4EE R e S A E ARG R A, A=
AMIES SCXK (5D 2021-0011. B4 Sz ™ k52 M
KA F1SEB S B R ARFINC R R4 Akt
JEHAT CGRESIYEIES N TSL-IACUC-2023-19).
SCISTFURTT, FTE KEGEMMERTE 1A, LS
N SPF 4%, SEIG AR H Bt oK, BeH 5k
1 K.
1.2 A@E5ERF

WS AENK RT, iS5 20201205, HRL
130 MH, Bl 0.65g) HIREER L 2 32l
FIRAFSRAE; RIEEF (S 22101912) 1WE
WMNEIZGT B RAT: 0.9%F AT W (IS
2001153204 WHAXENAARAF FHHE
B GILS 10122004073) T HE 1L R EPilE 28
WHERAE; SRk S5 045742) WH EZVET
AT, HEE (IES F809702) MWH il sk Ak
BHEA R AR JoK Ol (5 220221) 1 H R
T RERMERIF AR A R —HIH (L5 20200508)
) R T A SRR A BR A A5 T3 2= -7
41 (HE) 42t (b5 210420) T E JE T 14 8 EY
B AR~ A A E AL RS superoxide
dismutase, SOD). L4AfIK (atrial natriuretic peptide,
ANP). X8k (brain natriuretic peptide, BNP). [»
ALALES 55 H  (cardiac troponin, cTn). LR BB
(creatine kinase, CK). WIFR¥EEIF TH§ (creatine
kinase isoenzyme-MB , CK-MB ) . W B % -1
(endothelin-1, ET-1). IL-6. TNF-o.. =ML
(adenosine triphosphate, ATP) ELISA il &
(#5¥N 20230310) W H EigEGECAYIRH A TR
AT BRI, SDS-PAGE ¥t fi bd e il 75

BCA E &R E. SDS-PAGE L FEZZE M
Marker ECL UL G & (it 5 7371048 PO013B.
P0O012AC. P0010. POO15L. P0068. POO1SAM) I
H b S RAEVBEAAR AR PVDF & Gits
IPVH00010) 14 E 3£ Millipore 24 &) ; HRP #riC 1K)
ZEdr e 1gG Pifk (s A0208). HifE-3-REfR
&l (glyceraldehyde-3-phosphate dehydrogenase,
GAPDH) HifRIl H _E#EE = RAEDHARAG R A F
ol I IR O 1 R VTR ( AMP-activated protein
kinase, AMPK). p-AMPK. [RIA7 A8 ML 5% 7% -1
(carnitine palmitoyltransferase-1, CPT-1). %% bl
128 -4 (glucose transporter-4, GLUT-4). L% fb
Y Wi A4 58 BE P O 2 Ay B EOEE BT -la
(' peroxisome  proliferator receptor
coactivator-la, PGC-la) Pifk (L5 ab32047.
ab92701. ab189182. ab188317. ab188102) W[ 3%
Abcam A F].

1.3 (Y&

T1000 A HL - RF CH BT IR ER ),
ST16R Y i A VR B 0oL, 902-ULTS #4-80 CAKK
IRUKF (3£ Thermo Fisher Scientific A#]); /N3l
Y2 Wi (E 8% Saote /A ); Tecan Infinite
M200 ! £ ThRERg bR (Bt Tecan A %] ); VEM Y
NEPIRREENL B RRAEERT S kA IR A R,
ASP300S 744 H Bl KHL. RM2235 AL HL
EG1150 BUEHEHL. HI1220 B4 5L, HI1210 5@
Fbl ([ Leica A ]); ECLIPSE Ni-U 449 (5
e (HA Nikon 2]

2 FE
2.1 CHF KERERAIH&

¥ 115 A SD KIS /NS RRIFEAL ] 5 98Ue
PRI, AT EMAL [ 8 7E T A L, KR ES A2 2~5
ab$IE, MUREREG, T RBILE 3~4 b3y T
K, BREtrmIAE, RiEMEE, £
JIE Bk 2 5 W S B RO R T, R o, AR /2 O
HARES T 7 AT 4 3L . 3L RO Ik Rl i fes iy
P A, M SR BT IR M B 2, SR
SRR, TS OBERSIMRITER, FH0
IR 5 FL 0 I 58 8RB0 Bk e 115 e S I T )82 AT g
Do BEEHIG, MRS, WE 5~10
min. FFRKRIKE RIRE, BIATdEa K, e s
FIEW TR Pr KRR TARGES: 3 d ¥ im F5
2. S 15 HORBAF B FARA, Rty

activated
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G, NT4L.
22 AR

RJG 6 RGBT G A7 81 R K BRI
O IIRE, THE A E S5 % (left ventricular ejection
fraction, LVEF), ¥ LVEF<<40%fF & CHF #7 1§
krd . BREERER 75 HRKRIZREENE T
FIE AR, tEMKG. W7 & (464.3.928.6
mg/kg, S TIRRFIER 1. 2 5 H, Rt
W] (3.35mg/kg) ANk (464.3 mgkg) +
RILHEF| (3.35mgke) 4, F4 15 H. mAEMK
HE iv 2 SEMKIF ig 0.9% &AL ANESHR, Bt
FIZH ig RFCHEFIA (LA 0.9% S A0 ANVE S C il %
0.67 mg/mL KD FF iv 0.9%Z AL R, BT
RHAMBIIH S iv I ig ST 0.9%F BT FHK
(5mL/kg), EELZ 14d.
2.3 FEFRWIER
231 KR—MIBOHE L2 ER )
M—MIEoL, ARSI B T HRES).
BRGNS NS SEAOIRES, B AR R 5
/2K, RIRGZRITRE =,
232 DIJREREIN 2525 14 d )5 AR 2 WU
KD INAEREAL, PRAGOHEThAE . 0 O
FEELESE, Wk EHFKARPERS (LVIDD. &
FU R W H AR (LVIDs) « A % U 4 K 25
(LVESV). F =ik s (LVFS). E I (#75K
HHIOE B R R A W (BFikm L =7
B e KA F0sh B30

LVEF = (#75K JH 0 2 58 — US4 B0 = 580 )/ &7 ok B0
EHM

LVFS = (FF oK 100 5 P 42 — e 45 1.0 5 PO A8 /4T kB0
EHRE
233 fMiEENIEE  OIhRERINZ R G, A
10 ROKER, SRH/NIIRREEHL LA 5 e BRI, IR 3=
SHEKEUM 6~8 mL, 3000 r/min 250> 10 min, B E
i, T80 CHRTF. #4118 ELISA R & W 4555l
¥l ANP. BNP. CK. CK-MB. ET-1. cTn. IL-6.
TNF-a. SOD Fl ATP ).
2.3.4 COIEFREINE B S PRE T BT,
FUEAE 2 R 5k, FRE A OEIE, O
WEFEHL, I AR R RPN 2K R A ARRE T 0
JE RS [ P o AR IR 6 I KRR R0 I BY 0o
o, BRERE, UELERESSOHEZ T
RNEOETRE, REHGEAELT, FREIES

I E G, B T80 CUkKFHTIRAE, T /a8,
235 KECONE HE 4§t AR41E 4 HORRI e
O, FARBEER P 3 RGN 10% 10 H I 3 i it
P, [ 1A EVIECO AT B 4~5 mm R,
BEAT DR . A, P A HE 4eth, A
FHAEAUEE T AT R RO IR 5 .
2.3.6 Western blotting f il 0o LA ZAAH SG £; A 3R A
BURF ARG, BRI SE AT 4R & 5 R
KEOHE, EBRAOEINIFHRT Y, IMANZERR
FfRA L, EE O 5 L TE TR, SR BCA R &
EREARE, EAREME T B - R
Pz Bk, ¥ % PVDF i, 225 E . —
P, Wi, SEHURBUGAERG IS T A K
24 FITFES

It SPSS 21.0 #AFFATALEE, HAELAIX £ 5%
N U FEER RN 2 IE AR T 22551, 24t
BRI BRRI 27 ZE 0T 45 AN 2 LR P AR RIAGL 56
3 &R
3.1 IREHXT CHF XREFRR. (DI &R
ELEIRBEIF M

BFERA KR BHAAE I, WEIER, O
SIEE, REAOIRE RATF; GG MK RS A K €
Fife ESIEID ATENRREN S H2iE KRR
BEREA NG, ATEREREE, VAR EKEA
AR EE CHF KRR EER

mE 1R, SEFPRALE, &EF AR
R, KNS, SHEAMALR, SHHAH
KRR ER KA, HEREMZER. 5BF
AR, BRI KR ORI B R, Ol
BRI/ O EFREOH I (P<<0.01), UiH] CHF 4%
RUGERRLT), KRGO RAEOEEHEM; SHEAH
ELis, 2525 25 200 IR HE B0 A2 0o = 45500340 BH (2 k)
(P<<0.05), CoEMEMESR R, SRS ENKES
BT e O = A RIVE .
3.2 @HEEKY CHF KR /U INEERISN

LVFS #1 LVEF & PO D Be B B 22 3 8 4845
N 2 fior, SIRFARMALE, BAH KR E/A 4.
LVEF # LVFS ¥ 8.2 F#{IX (P<<0.001), 1 LVIDd.
LVIDs fil LVESV ¥R E & (P<0.001), i
B G K BRAEAE 7™ B (1.0 i ) Be B s SR 20 LU A
lE, HYEP54 E/A 1. LVEF 1 LVFS ¥ &%
THa& (P<<0.05. 0.01. 0.001), LVIDs #1 LVESV
B FEFR% (P<<0.05. 0.01. 0.001), B 25 E ik n]
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1 TS ERKI CHF KER&ERE. (DIEEHANLOCERBNIEN (X+s,n=6~10)
Table 1 Effect of Yiqi Fumai on body weight, cardiac index and left ventricular index in CHF rats (X + s, n=6—10)
s 7 &/ R /g DEfR By A0 EREY
- (mgkg™) B 0K BUES K AUHEI0OR AHEISK (mggh)  (mggh)
[EEN — 27525+7.85  295.25+8.01 302.63+6.35 317.63+6.78 2.73+£032  1.5610.09
Y — 2521311222 257754848  268.13+5.62 282.88+6.08 3.48+0.30"" 2.04+0.15"
MK 464.3 257.63+£9.80  272.75+10.07 287.75+£9.87 305.50%£10.09 2.85+0.19% 1.72+0.12*
928.6 252.13+£9.73  269.25+8.75  288.63+10.08 310.62+11.28 2.92+0.28% 1.68+0.31*
il 3.35 247.38+10.80 252.75+10.07 277.42+11.87 282.50+13.09 2.88+0.29% 1.70+£0.23"
WRENK+FE  4643+3.35  25245+12.73 26225875  274.63+£14.08 292.62+13.28 2.82+0.28% 1.65+0.15"
FEE A
5EFRALE: "P<0.05 "P<0.01 "™P<0.001; SEBMALLLE: P<0.05 #P<0.01 *P<0.001, L[
"P<0.05 *P<0.01 " P<0.001 vs sham group; P <0.05 *P<0.01 **P<0.001 vs model group, same as below tables
=2 TWHREWKIT CHF KEOINEERIRM (X +5s,n=06)
Table 2 Effect of Yiqi Fumai on heart function in CHF rats (X + s, n = 6)

2 FlE/(mg'kg) LVIDd/mm LVIDsmm  LVESV/mL LVFS/% E/A LVEE/%
RFEAR — 0.63+0.08 0.42+0.04 0.22+0.09 31.80+1.06  1.14%0.10 65.71+1.30
it — 0.80£0.07"*  0.67£0.03"** 0.67£0.13*** 14.97£0.54™ 0.88+0.06"" 36.18+1.20"*"
AR MK 464.3 0.81£0.06 0.55+£0.04%*  0.4920.09% 26.95+0.78%# 1.1510.05%# 551742.19%#

928.6 0.78£0.04 0.52+£0.02%#  0.51£0.06"  25.73£1.40% 1.1220.07%# 53.4614.49%

RIELEH) 3.35 0.77%0.10 0.58+0.07"  0.57+£0.07"  22.50%£1.01" 1.00%£0.07"  53.46+=4.49"#

WREMK+  464.3+335  0.76+£0.07 0.52+0.06" 0.53£0.12%  25.62+0.88% 1.080.07%  53.4614.49%
RIEEF

DU 25 24035 CHF KR H-Co T RE, Beate O I e A
FrakThag.
3.3 @WREMXT CHF KR ILES (LIsFRIIR T

ANP. BNP & B0 O B FR FE 1 & i A &
Y, KA E ] B RGO EFEE; cTn Ml ET-
1 & RIHUA LI FR R . W3R 3 Fis, ST
ARAE, BAHAKRIME+ ANP. BNP. ¢Tn Al
ET-1 /KT BETHE (P<<0.001), ATP & & & &%
ik (P<<0.001); SR ELE:, 45254 ANP. BNP,
cTn Fl ET-1 & &34 .35 FK (P<<0.05.0.01.0.001),
HAEMKSFEAMEAL 4 ATP SR EET
= (P<<0.001), ¥ E MK AT DAFE— @R E bk
% CHF KL Yjse, & Oiiftae.

TNF-o 1 1L-6 2 MBI 5 E R+, R 4 fr

N SEFARALR, ALK ME S TNF-o F
IL-6 /KR ETE (P<0.001); SERIL R,
BV KR LIS T TNF-o 1 IL-6 /KP4 5
ik (P<<0.00D), ¥iHm<ENkA BT 2% CHF K
BT A

O CK Al CK-MB )35k S S 1
EHIRE TR, TR FRRE . S5RTF
R LA, AKX RIMEFS CK-MB fl CK &tk
PIRETHE (P<0.001), #ilH CHF KR40
KEWI, FECOULEA CK-MB fil CK K&
NG R GE. SRR, K45 2541 MG
CK-MB Fll CK 3& P EE K (P<0.05. 0.01.
0.001), i BH ai Bk v] LAk CHF K BsLCo L 40 i
FIRIE (F 4).

#= 3 #HEEMKY CHF KR IMLES ANP. BNP. c¢Tn. ET-1 # ATP 22/ (X+s,n=10)
Table 3 Effect of Yiqgi Fumai on contents of ANP, BNP, ¢Tn, ET-1 and ATP in CHF rats (X + s, n =10)
yEy
ZH5 (mﬁgj-li") ANP/(pg'mL™) BNP/(pg-mL™") cTn/(pg-mL™") ET-1/(pg'mL™")  ATP/(umol-mg™")

RFEAR — 190.38+16.33 136.291+14.68 858.28 =138.93 52.12%+4.63 0.5540.08
(o et — 474.67+30.15" 370.05+£35.36™" 161636+192.04™ 106.25+7.36™" 0.3140.04""
mAENK 4643 220.68 £10.02%%  205.90+19.47%% 1379.67+£226.23% 82.06+5.87% 0.42£0.04%%

928.6 221.60 £ 6.827% 200.50£17.29%% 1 171.28 =132.89% 69.94£6.16" 0.43 £0.06%#
RIEWF  3.35 275.28 £13.27% 209.52£14.16%% 1218.524+192.47%% 84.37+5.72% 0.3340.05
i AR R Mk +464.34+3.35 241.27£14.87%%  215.314£15.18% 1122.48£194.61%% 63.62£6.41% 0.44£0.05%%

RIEEA
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F 4 TS EX CHF KR IMES TNF-0. IL-6 KFH CK. CK-MB. SOD SENRIFM (X +s,n=10)
Table 4 Effect of Yiqi Fumai on TNF-a, IL-6 levels and CK, CK-MB, SOD activities in serum of CHF rats (X + s, n =10)

2H 51 Fl&E/(mg-kg™) TNF-a/(pg'mL™") IL-6/(pg'mL™") CK/(UmL™") CK-MB/(ng'mL™) SOD/(U-L™")

BRFEAR — 38.7242.18 17.5442.18 5.83+1.57 5.834+1.57 1.5540.10
ot — 62324337 28.05+£1.95" 10.50£2.00"*  10.50%2.00** 0.71£0.12"*
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Fig. 1 Effect of Yigi Fumai on cardiac pathological changes in CHF rats (HE, x 100)
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Fig. 2 Effect of Yiqi Fumai on energy metabolism related protein expressions in heart of CHF rats (X + s, n =5)
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