5532 B4 2 0 FEXRAFFERE Vol. 32,No. 2
202641 H Chinese Journal of Experimental Traditional Medical Formulae Jan. ,2026

S P 7 il oF AMPK/mTOR {5 538 & V8 55 [ W 7K S T 1
U L EE ) K BRI A WL

IEW, A, Frr', FHa, B2, Bk, TEE"
(1. e mFPEHRF AMESRE, FEEH KM 712000;
QB E/PEBRRF FMBER, & AM 712000)

[(HE] BW:RR S5 8 RIS b8 s/ 3L 8h 4 76 h 55 2408 1 (AMPK/mTOR ) {5 538 % 4 450 AL T
FR B A MER I . 773 LS NS TR (1ISO) 1 50 WLEE A R BRI, SI286 43y 238 (4 BT 2, S B0 5 3 05 1K v L
FRAEE R, fdl 6 Ko BRas P4 Ah e 45 4355k FHIE 6 1 49 1SO 2.5 mg-kg ™ 3% 25 3 A M At U A R BB T . S FF &5 07
A v 2 A ] I R R R B S R T A (8.4.16.8.33.6 gokg ), R AT A AL IR I HE B R R A (25 mg-kg!) , 5
P ZH RASE 2 2 4 T S 8 B B R K R R A B 3 TR o SR PR 0 B PR £ 0 HIE 45 AL R ) R 5 A 0 TR R R RO -
(HE) . 5 # (Masson ) & €6 W858 0 L2 2975 BT 25 2 o725 5 186 506 0 28 W BRI 2 v (ELIS A ) K i i 375 14 400 g /- 22 -6 (IL-6) . B AL 44
PR (BNP) /K5 st 4L Ak 52 0 L4 20 T B 5 (Collagen T ) L IR J5 (Collagen Il ) A5 AH G 26 11 1 048 3(LC3) E &
3K 55 L R LA A RS DL 5 S 2¢O E 1 3R A BlESE X I 7 (Real-time PCR) A /0> ILZE 4T Collagen I . Collagenll . a-~F ¥ HILAIL
B I (a-SMA) \LC3 i1 Atg6 [F] 5 25 11 (Beclin-1) ,AAMPK .mTOR mRNA ik ; 25 [ 2 B[ 1% (Western blot) #6 .0 JL4H
241 Collagen I .a-SMA b4 K A F-8,(TGF-B,) .LC3 . Beclin-1.,p62 . W i k. (p) -AMPK ., p-mTOR , AMPK .mTOR & H ) %
Ko ER:HIEWA LA, SR A K BT 4> £k (BF) L 42 % 40 Bl 45 46 2% (FS) i 25 PR AR (P<0.01) , 22 .0 = &7 5K K 1 W 42
(LVIDA) (220 S W 46 A B A2 (LVIDs) {2 35 71155 (P<0.01) , O LA 2 58 iE 5 i I £ 4 AL R 386 i, 1 75 IL-6 . BNP /K 7 i 2%
FI 5 (P<0.01),Collagen I ,CollagenIl ,a-SMA .mTOR mRNA J #& 17k - & # F #55 (P<0.01) ,LC3 . Beclin-1 , AMPK mRNA &
A KT B BRI (P<0.05, P<0.01) 5 5 B AL 4 Lh 4%, 2 [t 25 % 7 45 41 BF \FS{H i 3 71 % (P<0.01) , LVIDd . LVIDs {8 F% AL
(P<0.05) , 0> L2 29 9 4 M £ 4 Ak 35 B 35 0 4%, 1L 7 TL-6 \BNP /K &A1k (P<0.01) , Collagen I .@-SMA . TGF-B, .p62 Fll p-mTOR
T A Fk K F W3 K (P<0.01) , Collagen I . CollagenIll . a-SMA 1 mTOR mRNA 7K - i 2 % it (P<0.01) , LC3 . Beclin-1 .
AMPK mRNA K & (17K - 8] & F+ 5 (P<0.05,P<0.01) . £51% : St 2 % 7 B8 38 1 95 [ WK OF- k3% 1SO 5 5 1 R RO L
Hy 805 O I RE R AE TN A6 7K 2 F ) B8 S 38 i AMPK/mTOR {55538 #% >k 52 LY o

[XER] SHZEdr, OIER; AW, OOxE; 2RE LIRER

[FES%S] R282;R285;R289 [X##RIREB] A [XEHS] 1005-9903(2026)02-0136-09

[doi]l 10.13422/j.cnki.syfjx.20250939

[F4& MRk ]  https://link.cnki.net/urlid/11.3495.R.20250507.1456.003

[MEHMAB] 2025-05-07 16:01:12

Mechanism of Shenfu Xiongze Prescription in Regulating Autophagy Level to Intervene in
Myocardial Remodeling in Rats via AMPK/mTOR Signaling Pathway

WANG Xueqing', ZHONG Wei’, PAN Liangliang', LI Caihong®’, HAN Man',
YANG Xiaowei', YU Yuanwang"
(1. School of Basic Medical Sciences, Shaanxi University of Chinese Medicine, Xianyang 712000, China;
2. Second Affiliated Hospital of Shaanxi University of Chinese Medicine, Xianyang 712000, China)

[K#mAH] 2025-01-10
(EE&THE] B & BT 8 & B2 358 BF 58 31 %) 3 B (2023-JC-QN-0975, 2023-JC-YB-726) ;5 il FH 17 & &4 #F & i+ % 5 0
(L2022ZDYFSFO15) ; BEVE A 20 E 7T 50 H (20JK0589) 5 BE VG 44 v VG 155 45 4 O 1M 79 B 3 T 45 92 58 % 0 H (303-1730202030)
[F—1EF] THEM AR, R P E 2P 6 O MU PO 19 FE R ST, E-mail: 1580632757@qq. com
[EEEE] 7 T, 282, NS B 205735 0 1045 9 A 2L RE 5T, E-mail : 59305302@qq. com
- 136 -



5532 %55 2 ) HESSEFFFHRE Vol. 32,No. 2
202641 H Chinese Journal of Experimental Traditional Medical Formulae Jan. ,2026
[Abstract] Objective: To explore the mechanism by which the Shenfu Xiongze prescription regulates autophagy in rats

with myocardial remodeling through the adenosine monophosphate-activated protein kinase (AMPK)/mammalian target of
rapamycin (mTOR) signaling pathway. Methods: A rat model of myocardial remodeling induced by isoprenaline (ISO) was
established. Rats were divided into the blank group, the model group, the low-, medium-, and high-dose groups of Shenfu Xiongze
prescription, and the captopril group, 6 rats in each group. Except for the blank group, the rat model of myocardial remodeling was
established in the other groups by intraperitoneal injection of 2.5 mg-kg"' ISO for 3 consecutive weeks. At the same time of
modeling, the low-, medium-, and high-dose groups of Shenfu Xiongze prescription were administered the corresponding doses of
Shenfu Xiongze prescription solution (8.4, 16.8, and 33.6 g-kg') , and the captopril group was administered captopril solution
(25 mg-kg'). As for the blank group and the model group, the same volume of normal saline was given. The treatment was
continued for 3 weeks. Echocardiography was used to observe the cardiac structure and function, and the heart weight index was
detected. Masson staining and hematoxylin-eosin (HE) staining were used to observe the pathological morphology changes of
myocardial tissue. The levels of interleukin-6 (IL-6) and B-type natriuretic peptide (BNP) in serum were detected by enzyme-
linked immunosorbent assay (ELISA). The expression of type I collagen (Collagen 1 ), type Il collagen (Collagen Il ), and
microtubule-associated protein 1 light chain 3 (LC3) proteins in myocardial tissue was determined by immunohistochemistry.
Autophagy was observed by transmission electron microscopy. The mRNA expression of Collagen 1 , Collagen Il , a -smooth
muscle actin («-SMA) , LC3, yeast Atg6 homolog protein (Beclin-1) , AMPK, and mTOR in myocardial tissue was detected by
quantitative real-time polymerase chain reaction (real-time PCR). The protein expression of Collagen I , a-SMA, transforming
growth factor-B, (TGF-g,) , LC3, Beclin-1, p62, phosphorylation (p) -AMPK, p-mTOR, AMPK, and mTOR was detected by
Western blot. Results: Compared with the normal group, rats in the model group exhibited significantly decreased values of
ejection fraction (EF) and left ventricular fractional shortening (FS) (P<0.01) , significantly increased values of left ventricular
end-diastolic diameter (LVIDd) and left ventricular end-systolic diameter (LVIDs) (P<0.01). Additionally, the model group also
showed increased degrees of inflammatory infiltration and fibrosis of myocardial tissue, significantly elevated levels of serum IL-6
and BNP (P<0.01), significantly increased mRNA and protein levels of Collagen I ,Collagen Il ,a-SMA,and mTOR (P<0.01),
and markedly decreased mRNA and protein levels of LC3, Beclin-1, and AMPK (P<0.05, P<0.01). Compared with the model
group, the low-, medium-, and high-dose groups of Shenfu Xiongze prescription presented significantly elevated EF and FS values
(P<0.01) and lowered LVIDd and LVIDs (P<0.05). In these groups, the inflammation and fibrosis were alleviated significantly.
They also exhibited decreased serum levels of IL-6 and BNP (P<0.01), significantly reduced protein expression of Collagen 1 ,
a-SMA, TGF-B,, p62, and p-mTOR (P<0.01), significantly decreased mRNA expression of Collagen I , Collagen Il , a-SMA,
and mTOR (P<0.01) , and significantly increased mRNA and protein levels of LC3, Beclin-1, and AMPK (P<0.05, P<0.01).
Conclusion: The Shenfu Xiongze prescription can improve the myocardial remodeling induced by ISO in rats by regulating the
autophagy level, enhance cardiac function, and reduce inflammatory and fibrotic levels. This effect may be achieved through the
AMPK/mTOR signaling pathway.
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Table 2 Effect of Shenfu Xiongze prescription on cardiac mass

and cardiac weight index in rats (x+s,n7=6)
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Fig.1 Effect of Shenfu Xiongze prescription on echocardiographic findings of rats

®3 SHEFARNARBEONESHAIZME (X£5,1=6)

Table 3 Effect of Shenfu Xiongze prescription on echocardiographic parameters of rats (x+s,n=6)
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Fig. 2 Effect of Shenfu Xiongze prescription on pathological changes of myocardial tissue (x200)
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F4 SHEFAIARMBEBNPIL-6 EE KM (x+s,n=6)
Table 4 Effect of Shenfu Xiongze prescription on contents of BNP

and IL-6 in rat serum (X+s,n=6) ng L'
51 /jjli' BNP IL-6

RSk 137.20+2.96 92.67+3.14
TR 2 1 467.00+183.10” 1309.00:288.40%
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S E T R Al 33.6 329.00+3.51¢ 348.40+50.78"
R A4 0.025 364.60£10.97  406.30+34.04"

3.8 S e g5 &R R0 L4 2 Collagen |,
Collagenll .a-SMA mRNA £k m S H4A

Collagen

Collagen IIT -

A B C

F A, AR 4 KRR LT Collagen 1 . Collagenlll |
a-SMA mRNA F£iLKF- B & Fm L 225 HA S5+
H(P<0.01) ; SEERLAL LA, 2 B 5 3 05 25 4R
FL3%5 ) 41 Collagen I . CollagenIl .a-SMA mRNA 3
BRI AR, 22 5 B SE T 2 0 L (P<0.01) .
WS,

3.9 SRR O WUE R K BO JLA L0 ILE
A8 b5 Collagen | .a-SMA . TGF-B, % 1 ik /K
Frsgm 58 A A BT KRG LA A
Collagen I .a-SMA . TGF-B, % H £ ik /K B & T+ &
(P<0.01); 5BIAA e, 2 I o5 5 4 A AR 4B
F2H Collagen I .a-SMA \TGF-8, 2 1 3R ik /K i} &
BEA% (P<0.01). W5 .36,

D E F

B3 SHEFEAIFOANEMKR Collagen I (Collagenlll & BRIZEFH M (Hpedlfl, x400)

Fig. 3 Effect of Shenfu Xiongze prescription on expression of Collagen I , Collagen Il and protein in rats with myocardial remodeling

(THC, x400)

x5 SHEFEAFKAROAALR Collagen | (Collagenl . a-SMA
mRNA )80 (X + 5,n=6)

Table 5 Effect of Shenfu Xiongze prescription on mRNA of
Collagen | , Collagen Il and «-SMA in myocardial tissue of rats

(X £ 5,n=6)

il

25 Erl Collagen I Collagenll  «-SMA

/g kg
K 0.13£0.01  0.06+0.01 0.12+0.00
[ 1.00£0.05% 1.02+0.09% 1.01+0.06>

S EFAIRF 4] 8.4 0.58+0.03% 0.54+0.03 0.65+0.02"
SRR 16.8
ZHE R E A 33.6
Sz
=]

R4t

0.48+0.05%  0.48+0.03* 0.57+0.03"
0.24+0.04*  0.35+0.05" 0.30+0.03"
FILH 0.025 0.41£0.05* 0.40+0.05" 0.41+0.01"

3.10 S kO WUEE R R BRLC LA 2L F Al
JEFE AR NI B AR SCFE bR mRNA RIKAY w52
P4 L A, 58 R0 41 KRR L4 41 LC3 ., Beclin-1 .
AMPK mRNA /K °F & 2 [ fik (P<0.01) , mTOR
mRNA /K 58 2% TH 5 (P<0.01) ; S5 4 LA, 2}
O 4% 41 R R HE % Rl 41 LC3 . Beclin-1, AMPK
mRNA 7K F B & F+ & (P<0.05, P<0.01) , mTOR
mRNA K i 2 FEAR(P<0.01), WL 7.

3.1 S0 WUE R R BRLC LA 2L B A
KFE bR LC3 . p62  Beclin-1 Flif % 40 5 15 br AMPK |
p-AMPK . mTOR .p-mTOR & FH{ XL m 5=
F 4 b A, #5780 2 K B0 WL 4H 41 LC3 ., Beclin-1 .
AMPK 2 17K °F B & F£ % (P<0.05, P<0.01) , p62.
mTOR & 17K 2 T+ (P<0.01) ; SRR LA,
Z: W5 7 & 4R R 48 3% Rl 41 LC3 . Beclin-1,
AMPK 2 17K F ] & F+ 55 (P<0.05, P<0.01) , p62.
mTOR & 7KV i 3 FE AR (P<0.01) . LK 6.5 8,
4 iTit
ZWEREITHAS T EE IS FEE T
2 6 WK 25 4, H A IR R ORI K g5 A0S I DAL, J2
P ] B2 KM 7k 2 SCEARAE Tl 24 7 5 [ i 1 L il
Z b IS Z ARG IRIGIT O 7 3 95 1) 25 56 1 i il
A RIGTT 0 S T AR o O WL R AR
SRy 7 3 0 1) 9 BRI A AR AR I R R BE W] UH T B
MR UE O K A W LR R AL 2%
250508 0 BHHE PR DY BE R i BEL 4% 5 R A
S S E PR T AR S IR BH 25 AR K T iR R
PR 6 97 B RE 6% b5 A SEIE | I IR A 58 7R 2 B 25
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B4 SWEFAMAROCMARGBEAKFEZE GEHHREE, %5 000)

Fig. 4 Effect of Shenfu Xiongze prescription on autophagy changes in myocardial tissue of rats(TEM, x5 000)

csva D . < 10,

TGF-,

D —— o

o..__ S e e 30 kDa

GAPDH “... . 36 kDa

A B C D E F
Bs5 KEOAEL Collagen | .a-SMA . TGF-B, E B Rk H ik
Fig. 5 Electrophoretic of Collagen | , a-SMA and TGF-B, protein

44 kDa

Collagen [

expressions in rat myocardial tissues

x6 BMEFEHAIKAR Collagen | .a-SMA . TGF-B,EAKRIXM
M (x+s,n=3)
Table 6 Effect of Shenfu Xiongze prescription on protein

expression of Collagen | ,a-SMA and TGF-p, in rats (X+s,n=3)

g1 #it  Collagen | a-SMA TGF-B,
- /g-kg'  /GAPDH  /GAPDH /GAPDH
skl 0.25£0.00  0.27+£0.03  0.23+0.02
A2 0.94+0.01% 1.29+0.15” 1.07+0.47>
ZMEFET 84 0.53+0.03%  0.62+0.04" 0.54+0.03"
IG5 4
Z M EFE I 168 0.47+0.01Y  0.53+0.05" 0.47+0.045%
R 4
ZWEFIT 336 0.43+0.01¥  0.50+0.03" 0.33+0.02"
1o 7 R A1
RAE R4 0.025  0.45+0.02%  0.57+0.01% 0.44+0.48"

PEJ7 AL RE W] 4 w5 0 ) 0 R DI RE A 2, T

KT SBWEFEANFARLC3.Beclin-1 AMPK. mTOR mRNA 7k

16 kDa
14 kDa

LC31 .
LC3 T .
Beclin-1 . -—-— - o 60kDa

P2 . — — . -

W D

62 kDa

AMPK 62 kDa

p-AMPK -P "-. 64 kDa
mror WD W - - 0

R S e e 289KDa

i - o

A B C D E F

p-mTOR

Be6 KR OAALLC3. p62.Beclin-1 AMPK.p-AMPK.mTOR.
p-mTOR &E H Bk
Fig. 6 Electrophoretic of LC3, p62, Beclin-1, AMPK, p-AMPK,

mTOR and p-mTOR proteins in rat myocardial tissue

HAE % 5 2 24035 1M % BNP /K OV A B I 48 9F 43 K&
AT BRIP4 DR B OE Y R B, S
75 fE % @ i B K I TNF-o, 1% R 5k K I
(Ang Il ) & &, 00 ] TGF-B, F1 45 4 41 8 K 7

QM (X+s,n=6)

Table 7 Effect of Shenfu Xiongze prescription on mRNA levels of LC3,Beclin-1, AMPK and mTOR in rats (x+s,n=6)

21 5 Fl /g kg LC3 Beclin-1 AMPK mTOR
25 H 4 8.96+0.32 7.23+0.56 8.75+0.33 0.1240.01
R 2 1.01+0.08% 1.00+0.05> 1.00:£0.03% 1.00+0.04>
Z [t 5 TR R A 8.4 3.31+0.25% 3.37+0.46% 4.03+0.09" 0.61+0.02%
2Bt B 7 R R AL 16.8 5.41+0.23Y 5.59+1.06 4.96+0.29" 0.57+0.01%
STy 33.6 6.96+0.25% 5.5240.19" 5.50+0.28" 0.41+0.01"
i Et 0.025 4.90+0.26" 5.09:0.39* 5.18+0.20% 0.49+0.01%
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®8 BMHEEHKRLCI p62.Beclin-1 AMPK.p-AMPK.mTOR.p-mTOR & A R LK (X+s5,1=6)
Table 8 Effect of Shenfu Xiongze prescription on protein expressions of LC3,p62,Beclin-1, AMPK,p-AMPK, mTOR and p-mTOR in rats

(x+s,n=6)

21 5 /g kg LC3M/LC3 1 Beclin-1/GAPDH p62/GAPDH p-AMPK/AMPK  p-mTOR/mTOR
ek 1.3120.08 1.33+0.10 0.28+0.02 1.10£0.06 0.34+0.03
TR 4] 0.61£0.07" 0.48+0.01* 1.28+0.06% 0.19+0.01> 1.14+0.01”
2 I B A i 4 8.4 1.4240.18% 0.73£0.01 0.76+0.02" 0.53+0.02 0.66+0.03"
Z: I By A 16.8 1.45+0.18" 0.81+0.08" 0.69+0.01" 0.68+0.09 0.62+0.03"
S Ty 33.6 1.60+0.18" 0.85+0.11% 0.59+0.02" 0.75+0.14% 0.59+0.03
i 0.025 1.73+0.16" 0.94+0.37> 0.62+0.05" 0.60+0.11% 0.60+0.02*

(CTGF) 1y 2R3k , i 5 14 S 0 Fll RASS £ S8 ¥
W WU LT E L, B 2 2R a1
0> ILEF S AL i LS 5 5 L W] 3800 g g 0 K
O LY AMPK ) 4G Wi % i2 85 11 4 AL (GLUT-4) &
I 23K, TR0 LY BE A 3 1k 21 i 3% .0 D BE1E
FAE S 3k BB R 5T 45 S B 2 B 25 O T AL U L (H
2 HL LR PR FH AL o R o 4 1 B . PR o AR S 56 4
W 58 2 M 25 % 7 & 15 3 12 AMPK/mTOR 15 53 %
AT 0 LR A K B e S LR /R TR AL

O L A 2 45 b0 I A8 5 95 2 [ A o B L Ak
FEERIAE 3 A JTIE , — SO LA T AL, AR R
Skt WURE JEEE7 S e AL TRD 5 A, 3 B ko0 ILER
YA S = R RE R A TR0 R A0
B RO R UL IL-6 4 R 2 i R R
SR T RE KR, BNP S Sz e O ) fig 75 Ak 114 48
B, AT T H B2 W0 52 a-SMA & JILSET 4
NS R G S WA R QT A o
TGF-B, J& 5 B 42 2F 4 Ak I 1, o J2 S o L EE A
M EZIRAR . AL R BN, S WS E
FE A% [ 10 L FE A4 K BRIV 1L-6 \BNP /K F | B AIK0
L2 419 Collagen 1 Collagen Il ,a-SMA Fil TGF-B,
BB KT 27 S 5 5 7 e BE RO WL E
T B U £ 2 Ak B 48 0 7K SF- [ B o 0 T i

W 5% & B, A W 7E O WL EE R b o T 2 A
023 W R — A M R Y TR A AR R 4
R 240 AR 0L 35 75 R T B 40 40 B 2 R AR
PR S T R A EEAE Y. AP RM O
JILAH B W A O JUL A 2o AR R AR 1 L 38 Y
I 0 38 5 T R ) A 2 9 1) R A R R R R T A A%
T = B (ATP) K 3k B 1k o0 E 50 44 7 325 Jie | 3% 1
B [ W R RE S —FIA YT SR, LC3 Beclin-1 &
FI Il R v G B R B [ B R O A K
TR FEEAR AR . ARLI I AE RN, S M5
75 BE % T+ s 0 UL EE B K BLC L4 4 Beclin-1 .

LC3I/LC3 I & M Fl mRNA %35 7K -, AL p62 &
F1 235 /KT 5 35 5 i B 45 R o, S5 P T g
% 0700 JUIL B ) R R JUL P I 6 50 o, 3k e 2 SR
PR 2 W50 O AT LA O WL R A B0 AL L
IF4R A WEAKOF, LR 3 B3t 0 LR A B H Y o

AMPK F1 mTOR /& [ W P55 v i) 5C 8 8 1
it} , AMPK/mTOR {55 = 38 % J2& 1 4 41 Jf 19 Ws 174 OC 5
WL T2 S 50 NUE R 9 B A B G R G a0
T A WE Y S S AL 5w WLAH Y A7 95 AN )
g7 . AMPK 2 i i 5 50k A 19 % B3R, 2 4H il g
AN 2 B AMPK 8% 800 | 0 1 AMPK 38 i 85 12 1
ULK 1 3K J5 25 [ % ; mTOR J2& [ W i 35 2 6 8 45 (K
T, HIE P 2 8 TR B K Y . Y
JUL R i =% 2 fE i e = 450 DL BT, AMPK G & 5 iR 1k
FTE TSC & A 1R 3 2(TSC2) K #0 fil mTORC1,
PN T W O LA MR R A . AR
LU AT A5 R R, S O T 4R O LE A R
B D WL 41 20 h p-AMPK 8 [ % ik K F I F R
p-mTOR £ 1 %3k , PCR 45 SR A IE5E 13X — W o, 2
78 2 B 5 3 O 45 0 WL EE R R B W AT R i
AMPK/mTOR {5 53l % & & #E1EH

25 LT IR, S0 5 Re g E i 4R s B e KR
o5 3 0 L EE R R B O LR R, RTRE a J T
AMPK/mTOR 5“5 38 B S 311
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