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BE. A BAEE - 25 T Hxr@ 3 R 5 E 1K 9 %8 ( AMP - activated protein kinase , AMPK) /v $L3h 4%
FEwmEEERY (mammahan target of rapamycin, mTOR ) il ¥4-% v 28} B "%, i & /) % 35 (heart failure, HF) X &, & 2 5t
agAE AR, ik R SPF ZE A SD KR 60 R HAUAIR S RAZGM(CON) , AAKRAEBNTHHRiEL10d LT
EHRFAE EMREER3 mg kg IS A RBRAMA, 540 RAAEERI K KM RAERA(MC) HE - F 5
FHRAFA(HIL) F K -F 5T FANFTAHIM) K - %5 FHAZA(HTH) &A-FHH(ENA) , 4288 X, 2%
a7 14 d J5 ,B BN £ F 5 e 544 (left ventricular ejection fraction LVEF) Fo £ F 45 4h % 42 % (left ventricular fractional
shortening, LVFS) ,JR K SRR It 5 & A S EH AT BRBRFMN K E, @ ERLEEBNZEMNET XA oF P B
A F) 44 BK (type B natriuretic peptide , BNP) Fo i /%41*1 Sk Ak (atrial natriuretic peptide, ANP) &%, KA K& - 4 (HE) 3
&, 4o LA (Masson) 32 & L2 LA R T2 5 T AL, R & G % 75 6P i % ( Western blot) 4] f »£ 48 % & & # A1k 1 (se-
questosome 1,SQSTM1/p62) #4748 % & & 1 3244 3 (light chain 3 microtubule associated protein 1,LC3) f= AMPK/mTOR i&
RO EFIRE, 4R SR ambk EA KK LVEF 4= LVFS B2 F BAK(P <0.01) S JEds 8 A S EREHH O
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0.05) ,f27% F ANP.BNP 4% 2 ¥ A& (P <0.01 . P <0.05) , & IULH 27 5% 22 33 45 B 4F 4 ib A2 JE & %%, p - AMPK/AMPK |
LC3 - M/LC3 -1 &L BAK(P <0.01) ,p - mTOR/mTOR . p62 £ &£ A FH(P<0.01.P<0.05), &# HEK -2 FHx
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Function in Rats with Heart Failure through Regulating AMPK/mTOR Autophagy Pathway
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Abstract ; Objective The objective of this study was to investigate the mechanism of Huangqi ( Astragali Radix) — Tinglizi
( Descurainiae Semen ) improving cardiac function in rats with heart failure by modulating AMP — activated protein kinase
(AMPK)/mammalian target of rapamycin( mTOR ) pathway and influencing autophagy. Method Sixty male SD rats of SPF grade
were selected,with 8 randomly assigned to the control group( CON). The remaining rats received subcutaneous injections of iso-
proterenol solution at a dose of 3 mg + kg ™' on the back of their shoulders for 10 consecutive days to induce heart failure. Forty
heart failure rats were randomly allocated into five groups:model control group( MC) , Huangqi( Astragali Radix) — Tinglizi( De-
scurainiae Semen ) low — dose group ( HTL) , Huangqi ( Astragali Radix) — Tinglizi ( Descurainiae Semen ) medium — dose group
(HTM) , Huanggi ( Astragali Radix) — Tinglizi ( Descurainiae Semen ) high — dose group (HTH) , enalapril group (ENA ). Each

group consisted of eight rats. Following a 14 — day period of drug administration, B — ultrasound was used to measure the left ven-
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tricular ejection fraction( LVEF ) and left ventricular short axis shortening rate (LVFS). The left ventricle was then isolated and
weighed, and the length of the tibia was measured. The levels of type B natriuretic peptide ( BNP) and atrial natriuretic peptide
(ANP)in serum of rats were determined by enzyme - linked immunosorbent assay ( ELISA ) . Histopathological changes in the my-
ocardium were observed using Hematoxylin — eosin ( HE ) and Masson staining. Western blot analysis was employed to assess the
activation status of autophagy — associated protein sequestosome 1( SQSTM1/p62) , microtubule associated protein 1 light chain 3
(LC3)and AMPK/mTOR pathway proteins. Result The results of the study indicated that in MC group , there was a significant de-
crease in LVEF and LVFS compared to those in CON group( P <0. 01). Additionally, the heart index,left ventricular mass index
and heart to shin ratio were found to be significantly increased in MC group( P <0.01,P <0.01,P <0. 05). Furthermore , the ser-
um levels of BNP and ANP were significantly increased (P <0.01). MC group also exhibited aggravated myocardial tissue patho-
logical injury and fibrosis as well as increased expressions of p — AMPK/AMPK and LC3 - [[ /LC3 —I( P <0.01). Conversely,
the expressions of p — mTOR/mTOR and p62 were decreased( P <0.01). In comparison to MC group,the HTH group and ENA
group exhibited significant increases in LVEF and LVFS( P <0. 01). Additionally, there were significant decreases in heart index
and heart — tibial ratio( P <0.01,P <0.05) as well as significant decreases in serum levels of ANP and BNP(P <0.01,P <
0. 05) . Moreover, the degree of myocardial tissue pathological injury and fibrosis was alleviated. The expressions of p — AMPK/
AMPK and LC3 — I /LLC3 -1 were decreased ( P <0.01) , while the expressions of p — mTOR/mTOR and p62 were increased
(P<0.01,P<0.05). Conclusion By modulating the AMPK/mTOR signaling pathway, Huangqi ( Astragali Radix) - Tinglizi
( Descurainiae Semen)is able to attenuate the hyperactive autophagic flux in rats with heart failure and ameliorate their cardiac
function.
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BEA 3 mg - mL~ SR
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RS 3 mg - mL™ IS0 I, 25 1AL R 55 07 5 T A AR PR
KGN 10 do 7RSS 11 RFATRE A O30 R , LA =
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L B IR S AT 0 U 7R A A R IBUAR TR BT ) B B 5
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2.3.2 KABRM  REESELK 12 h F580A 3% 5 ke
SEATRREE , I8 BB, 3000 r/min 4°C B.0» 15 min, T 48 G
BNSE LW, 0% Anid, BT - 80 CukFiR A4 . Bl
J&,75% S TETHHERFS , TR T IR BRAe i , 478 JBL.Co I, £R BR
B, Az R K e AR R, T R AR RS PR R, SRS AR AR )
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T/ R ) o WO K BB B 0 i 5%, O IR B (0
NERT R/ IR B o BERRSS R, SR AFFGL 44T

2.3.4 B S%JE R Mk (ELISA %) 4 K Kb i b B A A)
44 Bk (type B natriuretic peptide , BNP) Fm & 544 Jk Ak ( atrial natri-
uretic peptide, ANP) 6948 A1 K BT A A0 Zh REAR 5498
5 BNP il ANP (155 42, 3% I8 ELISA 5 B 45, i AR A FiAR 17
TR, RS S (P B ASCR I 25 FL A OB, R B
450 nm , 3 535 7 1 i 2 A5 3R R EE

2.3.5 KASEALBEFNE HREOCEET 4% 28
MR E 24 h )5, A SR, WA LY R, O LA 21T 95
RE - Y {6 (HE) F1 544 (Masson ) 4 £, 3 17 55 # 2%

WM
2.3.6 &G % JZ Pk % (western blot, WB) # i) K &, & LR 27
W # A4k 1 (sequestosome 1,SQSTM1/p62) & X EG 1 2
4% 3 (light chain 3 microtubule associated protein 1, LC3) #=
AMPK/mTOR 8% % & F £ 64 T4 FRik 50 mg K A0
HEAR 3 B AR R EGAR & P BRI B 1S, (] BCA ik
WA AW EE . BAMKIEE A EREBTE N 20 e, 43 I M
R 6% 10% F 12% Bt 3f-@ 1 SDS - PAGE HiIK 485 , ¥k
%% %2 PVDF & (i IV By 5% By iRa ik, 76 5 iR 3t 1) 2
h, PSS OIS i TBST 28wl v R 3 9K, e RS 45 3 J5 A
B —actin (1:10 000),LC3 (1 :1000),GAPDH (1 :5000) , p62
(1:1000) ,AMPK(1 :1000) .p — AMPK (1 : 1000) .mTOR (1 :
1000) 1 p - mTOR (1 : 1000) [ —HL R WK , 78 4 C 5514 T 07
BB, MAZY(1:5000) = EBEE 1 h, TBST 52 vh i 6% 3
W, ECL 2 64, LA B — actin 5 GAPDH £y N2, ffi
Image — J 3BT 4400 28 &% AL UK S5 IO K BE (L
2.4 HitiEk

K GraphPad Prism #AF AT G4 08T Bl £oR A
x5 Rno AL RN R 77 2251 (ANOVA ) SR FHAE B 4T
L K5, P <0.05, 22 R BR G iHER L,
3 #R
3.1 KRG IET) 69 R L

A4l g, B4l LVEF 1 LVFS 3 BEAR (P <
0.01) ; SHRY L L, B ) — 207 4 SRR % F1 41 K B
LVEF fl LVFS §.3 EJF(P <0.01) , WAG 5T XXX & 1 6 1,

F1 FAKRBPEOHESEHE (2 £5)

215 n LVEF/(% ) LVFS/ (%)
CON 6 88.59 +3.00 60.57 +4.17
MC 6 57.62+2.81*" 31.53+2.03 "~
HTL 6 70.55 +2.45% 41.19 +2.10%
HTM 6 74.25 +1.80% 44.45 +1.56%
HTH 6 82.35 +1.66™ 52.71 +1.74"
ENA 6 80.99 +2.32* 51.15 +2.25%

o o« 55 CON HuiE, P <0.01; 5 MC H#, ##P <0. 01,
3.2 ARCGCEREMAXEHRNEA
HIEF AL, BRI TR 22 D B EARE DR L
HHE T (P<0.01 ,P<0.01 . P<0.05) ; SERIZA AL, B
B — BT ) e 2 AR R R 2H O B IS A O I L (B S
R (P <0.01 P <0.05), L% 2,
22 HAKBONEFEE AU TR AR BRI IR B H AR (v 2 5)

g1l LR EY Aol F i LR A
(mg/g) FHE (mg/g) (mg/mm)
CON 6 3.10 0. 15 1.64 +0.28 28.54 £0.93
MC 6 3.55+0.14** 2.13+0.09** 36.10+1.65"
HTL 6 3.48 +0.20 1.98 £0.11 31.77 £1.75%
HTM 6 3.39+0.12  2.01+0.06 31.73 =1.09"
HTH 6 3.24 +0.10%  1.97 £0.05 30.54 +0.59*
ENA 6 3.21 £0.14" 1.78 +0.03* 31.28 +1.54*

H: %+ 5 CON 3, P <0.01; = 5 CON [bEg, P <0.05;# 5 MC
HL#e, P <0.01;#5 MC H#, P <0. 05,
3.3 KR fF+ BNPANP & & 6 & 1t

578 LA BORILLK BUML I BNP ANP & ik 3 % 17
(P<0.01) ; AL LA, 8BS — 8 15 1 i A7) dk 4 S AR 35
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LA B BNP ANP 4 & B B (P <0.05.P<0.01),

W3,
3 FHKEUMTE BNP ANP & it LA (x £5)
Hofi : pg/mL
451 n BNP ANP
CON 3 288.9 +31.83 68.5+11.99
MC 3 530.5 £152.90* * 150.5 +16.40 " *
HTL 3 346.7 £5.43% 108.3 +24.01*
HTM 3 355.0 +47.91% 93.9 +16. 19"
HTH 3 327.0 £27.47% 79.2 +21.13*
ENA 3 360.9 +£35.13"% 82.4 +16.36™

e % % 5 CON [b#, P<0.01;##5 MC [L#,P<0.01;#5 MC
45, P <0. 05,
3.4 FE-EFTFTHAROCEALFEZNY

PRI IR IR A D EI TR ML . HE Yefaghf
PR, A AALO NS I 5 G540 1E T, HiF 5T, 558
ZHAH HE AR AL LA AR AR K CHEF ZEL, R i R PR i iR
TS AARE . SHTBIAAH L, 35 - 205 TRl A R RO
WUHEZ AR X HE 5% , 2 PR 40 SR IR ik b, £F 4R /0, DA
7T XXM 2,

Masson Y A 327K, 25 [ 210 ILZH 25K D B S 08 S 4F 48
5 525 FVALAH EL, AR B 20 R B O LA M HE S Z5 8L, O LA fifg
TR R R RT3 22 SRERIAAH LL, B 0 - 280 T
7] 8 41 5 TS 1 2 1 R BRI T 4 AL T i, 40 A HED ) 358
AT, B o35, IAGR TN 3.
3.5 KRO AL B A X E A LC3 . p62 Kk iy % 1t

WB 45 R, 575 41 b, SR KR L LE3 -
I/1C3 -THREHFRBY BT m (P <0.01),p62 FIKFER(P <
0.01) ,&W] 1SO M5 B WEP I ZF WG, S THE -E5 T
KR TG, SRR A L, BB - %255 F il a4l LC3 -
M/LC3 -1 FIk[EAML (P <0.01) ,p62 Fik T (P <0.05), LA
AR - B 20 AT LA S i 0 3 s O L B WY
KA W4 K4,

LC31 : J——
LC3-11 — . —  — — 14K Da
I e e —— — |

62KDa

62
ol |! ——— -l

CON MC HTL HTM  HTH ENA

E4 4K LC3 . p62 HHEKEE
F4 KREOMLL L3 - [/LC3 - 1 il p62 (5 (x £5)

20 51 n LC3 - NI/LC3 - 1 p62/GAPDH
CON 3 0.70 +0.13 1.00 +0.12
MC 3 1.43 £0.31"" 0.34+0.12*~
HTL 3 1.35+0.18 0.64 +0.07*
HTM 3 1.25+0.17 0.80 +0.10%
HTH 3 1.09 0. 10* 0.81 £0.07%
ENA 3 1.02 0. 17% 0.8 +0.20"

T« % 55 CON HL#, P <0.01;##15 MC Fb#, P <0.01;#5 MC
s, P <0.05,
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DAAT 2] 1 mit il e AMPK/mTOR (975 4k, L3 5 141 5.

mTOR

250KDa
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e | S SR

AMPK 62KDa

GAPDH 36KDa

E

CON MC HTL HTM HTH ENA

Fl5 F4IKE p- AMPK AMPK .p - mTOR .mTOR Z& [ 33kl
#5 KREONZL p - AMPK/AMPK 5
p - mTOR/mTOR Y HFKIA (v +5)

2H 51 n p-AMPK/AMPK p - mTOR/mTOR
CON 3 0.68 £0.07 1.10£0.10
MC 3 1.07 £0.15** 0.66 +0.10* *
HTL 3 1.07 £0.19 0.79 £0.12
HTM 3 0.95 £0.02 0.94 +£0.19*
HTH 3 0.79 £0.10* 0.94 0. 14*
ENA 3 0.70 +0.04" 0.96 +0.13%

T %+ 5 CON i, P <0.01;#4#5 MC H#, P <0.01;#15 MC
H4,P<0.05,
4 g
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IR REAIG, O WL U B 1 S A AR B %
WS R , B WA RS & S EeL e ) —
LR A R e O LT R 45
SUVRT L2 AN P A5 05 60 A0 D 2 L ZE 5O DL RE AL % BT A
BEE O JLZ A5 0 T, 3 B2 6 A A W s LR AR, o T 3
SRREEAL™ o W R B S LI )0 ) SESE 1 2 o i
AR LS F oML Y BT FE P B ™ 0o LA
MPET BB AW ARSI BESE o, SR 41K LG
UL WA 1 LC3 TT/LC3 - T RaB Mg, p62 FRIKBFEAIC, B
DI AW BEROE . SERRIAR L, B - T 1K
ROBGRYT S RERE T R LC3 — [T/LC3 -1 33k, i p62 ik, Ui
HIB IS — 205 T 25 0 BE R sl ik F k) A W, 23 HIF R RLC 2
fiE. AMPK/mTOR {553 2 1 Wi 22 ML B, AMPK @19 {07 5
B AL S5, B W R AR 4r - mTOR # B2 Ak, 30
mTOR (975 ¥ , B WL f 1 AR T o IR B, B
5770 R B I M ] AMPK/mTOR 45 #9 A BELR- 4P K
BUL WUBIBE J5 0 D A 4 Bl = B0 AR BT 4 R 8
7N, 55 AL BRI R RO ILZHZY p - AMPK Rk T,
p - mTOR 2 ik [ ik, AMPK/mTOR il # W 35 0% . 43 7 %
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