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[ ABSTRACT] Aim To explore the effect of astragalus polysaccharides ( APS) on myocardial hypertrophy in rats in-
duced by isoproterenol (ISO). Methods 15 mg/ (kg + d) ISO were used as myocardial hypertrophy models by intra-
peritoneally injection. 60 SD rats were randomly assigned to six groups, 10 rats for each group: the control group, 1SO
group, ISO + APS 200 mg/ (kg - d) group, ISO + APS 400 mg/ (kg - d) group, ISO + APS 800 mg/ (kg + d) group and
ISO + propranolol 40 mg/ (kg + d) group.  Administered groups were continually intraperitoneally injected administration
for 3 weeks, and ISO were intraperitoneally injected as long as 2 weeks in the day after that. ~ After 3 weeks, at the end of
the treatment period, hemodynamic parameters were observed, and pathological section by HE staining.  The expression of
free fatty acid (FFA), ATP, ADP, AMP were quantified by ELISA.  The expression of atrial natriuretic factor ( ANF) ,
PGC-1a« mRNA were determined by RT-PCR, the expression of PGC-1a protein were determined by Western blot in the tis-
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sue. Results

Compared with control group, ISO group markedly elevated HMI, LVMI, LVEDP level and decreased

LVSP level, meanwhile the expression of ANF mRNA were increased and the expressions of PGC-1aa mRNA and protein de-

creased.

Compared with ISO group, the APS for different dose groups dependently improved hemodynamic parameters,
ATP/AMP and ATP/ADP ratio and PGC-1ao mRNA and protein expressions.

Conclusions APS can improve cardiac

hypertrophy induced by ISO, which maybe improve energy metabolism by PGC-1a.

O JUUHEE JE 2 o0 JEE X 7 5025 Tl 25 A0 40 B e 7 A2
82 INE 00 e I o JUFE 3R JE 9 o LA BE 0 UL
it EW'%‘J:H;?%%(isoproterenol ISO) 1EHN B-'&
FIRERE ARG E'FE’J Cr JUUAE 52 RE 11 Fifi 28 AE 2 v 11 g
AR AR S SR A B B O P A2 Ay
B5 I F 1o ( peroxisome proliferator activated recep-
tor gamma coactivator-1 o, PGC-1a) J& £ R AR AR 15 T
R —> 2P 1, & O 55T IR I SRR LA
PLK 7 5t S AR AL 1 2 Rl L A, 7O ILRE R 3h 28
A SRR S AR A 7 B 2 L BOH i 1 A
A IS S R A B R, PGC-1a REfS 18
164 PPARa, 38 58 i 5 PR A Ak . PGC-1a 5 METH
FEHIFKAZIK o (estrogen related receptor o, ERRa) #H
HAEH, T YR IR 1 S L 4 (pyruvate dehy-
drogenase kinase 4 ,PDK4 ) i3 3% | 41 .0 JUL 40 A2 75
EFEEALS DRI R B, AL 4 PGC-1a ik RE
PG R0 LR 1 A E B R AR AR
B9 %= COUESE, B R Z M (astragalus polysaccharides ,
APS) 18 3 HIAZ N T kB (nuclear factor-kB, NF-kB)

S, X 180 75 T A LA AL R B A R 4R
Fﬁm NS B GR g0 LR H Y, S8 T APS 2 75 38
B PR PGC-Ta Oy LAY RE A, 14 R HEAT IR A
G AWFFTE L 1SO i fF 0 UL AR, W5 APS
Xof O JURE JEE v R 1 A QA A 52 i

1 #REFE

1.1 SR A EIF

EESD KR ML 4 ~6 B KE 180
+20 g, WA TEFRE® M FORE, 34645
IE5 :SCXK (1)20030007,, # ¥ % 4% 7 opF 25 (4
KT 98% , i A Je # A  AH A IR A B 5180 5 %
R (% B Sigma A ); 0 B B BT B (free fatty
acid, FFA) .ATP ADP AMP ELISA & 7| & (R&D 2
8] ) ;PGC-1ae( Abcam /A 7] ) 5 Trizol X 77| \RT-PCR i
fle(KEFZEHAF), HMRAHHNE>F 5
Hr 4
1.2 BhYIEBIRHI& RS EFBH L

SD ki 60 R HHL 2K 6 41,44 10 2 . 4 B

21 ISO 41 . 1SO + APS 200 mg/ (kg - d) 4, 1SO +
APS 400 mg/( kg d) 4, ISO + APS 800
mg/ (kg + d) 41 1SO + & 2 3% /R 40 mg/(kg -d) 4,
SAANEZEIEEASI A, HFTHH1 REBEEE
47180 15 mg/ (kg - d) 2 & ;m@ 41V F A0 g
SR ISO Ak Rk B % T AR AR AR oy £
#HK,
1.3 Mm@EsHhHFEMNE

wRE, kﬁfuﬂﬁﬂéiiﬁﬁyké%ﬁ%m mg/kgwﬁ
BRI E B A AR o Bk, B SR B kA
EELNE, R BL420 1 %iﬂﬁaﬂxﬁimz
15 45 J& (left ventricular systolic pressure, LVSP) | Z 1%
% 47 5K # K & (left ventricular end-diastolic pressure,
LVEDP) A& E & K A/ T B# X (+dp/dt,)
HFHATIL R,
L4 WAESEHENE

SD KR, ®24 h, FRE, JEKES20% 54
3% 0.5 mL/100 g (KB RREE, 4 KEEE,
TR B fIE, B 00 BE B B A A R, vk A
KRk AL, SRR T Ja At 28 E & (heart weight,

W), TEAEQFAES G, ARG EEE (left ven-

tricle weight, LVW) , 1T 5 /4 It T & 4% 2 (heart mass
index, HMI) .4 % % T & 48 %% (left ventricle mass in-
dex, LVMI) . #2004 R E T 10% % R ¥ B
T HE 6,5 A/N42 mm’ 84 83 T ATP,

ADP AMP FFA &7l &, 2 4% 5 4 8T - 80°C
R,
1.5 HARSFEYE

10% % FFBEEECNAL 24 h G, HEEH
BiAK, W RFZW, ZE EE, H &4 um &Y
Fo WA HE &, F WM H, b¥ B HE( x
400) T WL E Ao LA B 9% 3 & A
1.6 ELISA #iUlALZA LR FFA,AMP, ADP & ATP
e

B A/NA 2 mm’ B8 ALA 4L, im A 1 mL RI-
PA,@?}?%&@;}Q)@ ,4°C 12000 1/min B 10 min , X
L ELE A M T, # ELISA R A &3 5 # 1F,
B AR 450 nm % K T4 OD {&, % % 5 v o &,
B E G L2 4 FFA ATP ADP & AMP 4 &, 3
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1t & ATP/ADP ATP/AMP th. 18,

1.7 RT-PCR #&l.0» B F 40 E FF0 PGC-1a mRNA
Rix

B th 0 BIL 2 4 %7 100 mg, A Trizol 1000
pL, %K Al & 3% 1F, # IS RNA, B AR LT A
Aso/ Ay T OD fE L% & RNA 4 E Ak T, % B
RNA 500 ng it 5 EAF 8RR, R0 &R EvEAT 2
Bk, W F 4 .42°C 30 min;95°C 5 min;5°C 5
min AT — M E IR, R E W 4 $EAT PCR 3
, '\ B Al 4 B F (atrial natriuretic factor, ANF) I J#
Bl 4 % 5'-TCC TCT TCC TGG CCT TTT GGC-3', T
# 8 4 A 5'-AGA CGG GTT GCT TCC CCA GTC-3',
¥4 B B 234 bp, ANP PCR R J 4 #4:94%C 30 s,
60°C 30 5,72°C 15 s, 347 35 MEF, PGC-la F ¥
5147 % 5'-TCA GTC CTC ACT GGT GGA CA-3", T
W 4 K 5-TGC TTC GTC AAA AAC AG-3', ¥ # K
£ 186 bp,PGC-1a PCR K5I 4 1#:94°C 30 s,60°C
30 5,72°C 11 s, ¥ 47 35 AN &3, PCR R N &, B
PCR =418 wL,m2 wL 6 x % ik, %4 2% 31 fig
B fie WL ik EB %€ & T Bio-rad Image Lab {2 I
BE AR W 2L, fF B Quantity One 2% 1 4 # 46 &,
GAPDH # W % ,GAPDH Lt 5| 4 & 5'-TGA ACG
GGA AGC TCA CTG G-3", T 5| 41 % 5'-GCT TCA
CCA CCT TCT TGA TGT C-3',4 3 K £ 146 bp, if
& ANF PGC-la =484 5t &,

1.8 Western blot Ml ZE MMALZA LR PGC-la I EH
Fix

BRFWH QALY S5 mg T RH EP & &,

AN 200 wL RIPA ZEAE R, o 72 41 48 5 A2 7 9 W
ALK BB #E 30 s, vk E#CE 30 min,4°C 12000 g
B0 20 min, I EFR, A JE A BCA EHATE B
WRENE HREFEHARLAGET, HEFHAN R
BUBY R BV R AR, 2N 6 x B AREZ v M B 160
pL, B A0 40 pL & 8 5 3 & % 4 min, A5 #AT
T P A SDS-ZK T W Bt fi 6% e L ok, AR AR BT R E B
Kbk, KA THEEE, # M, %K, % B
AFEME G 4 E T 1:1000 # Bt PGC-la —
FERF ACERTER, % = KA Ik ERE kG o
N 11000 # B0 — 370,32 K B4 20 1 h, B A ik
WoE ik, k) m ECL B & A #ATR &, BRI,
1.9 SitZEFHE

B Do xs kr, S AR B EMEAB XA ELHEZ
FEpHAFISD % ,P <0.05 H ZRH S FE L,

2 &% B
2.1 mM@EMAESHTH
X BRZH AR L, 1SO 4 LVEDP B 5 75 LVSP

+dp/di,, A BEER(P <0.01) R OIFEAR

425 200 mg/ (kg + d) APS TTREMS i O DI REA 4
B 5h S35k, fd LVSP | = dp/dt, - FF, LVEDP
FEAR (P <0.01) ;5 200 mg/ (kg + d) APS FHitHLL,
400 mg/ (kg + d) .800 mg/ (kg - d) APS + ¥l & 40
mg/ (kg + d) FZEIEIR T IECE O DI REAS 4 1 1L 5
JIFREIR T - SR FEAROm I (R 1) .

F 1. HEZENOCAREXRILR NFERZM (> £5,0=10)
Table 1. Effects of APS on hemodynamics in myocardial hypertrophy rats(x +s,n =10)

| LVEDP( mmHg) LVSP(mmHg)  +dp/di,, (mmHg/s) —dp/dt,, (mmHg/s)
X} 20 5.1+0.2 129.7 +2.5 5774.7 +469.2 4097.6 +182.5
SO 41 17.9 +0.2° 104.3 £3.1° 4107.3 £551.2° 3015.7 £173.1°
ISO + APS 200 mg/ (kg « d) 41 16.7 +0.4" 112.7 +1.5" 4469. 4 £326. 4" 3262.3 +483.3"
ISO + APS 400 mg/ (kg - d) 41 12.7 £0.4™ 122.3 +1.6" 5080.3 +437.5" 3888.9 +267.2"
ISO + APS 800 mg/ (kg + d)4H 9.9+0.2" 127.6 =1.0" 5406. 1 +646. 6" 4074.8 +59. 6"
1SO + 259K /K 40 mg/ (kg - d) 4 8.7 £0.3" 125.7 1.5 5310.2 +484. 5™ 3980.5 +187.0>¢

ajy P<0.01, 5XTHEALLLE ;b o P <0.01, 5 1SO A H#K ;¢ i P <0.05, 5 I1SO + APS 200 mg/ (kg « d) 4 L0#;d S P <0.05, 55 1SO + APS 400

mg/ (kg - d) HIHLH

2.2 HMI #1 LVMI By 35

1SO &5, 5 X REZHAH L, 1SO 2H HMI, LVMI
R EEINT 64.1% 41.2% (P <0.01) , 4275 1SO i
S0 JUUBE B4R R %57, . 200 mg/ (kg - d) APS T

REMGE _ERAEIR (P <0.01) , 15 200 mg/ (kg - d)
APS THiM ., 400 mg/ (kg - d) .800 mg/ (kg - d)
APS T} 40 mg/ (kg » d) W29 /K T HiRENS B 2
FAIK HMI, LVMI, Jf 2 50 AR (P <0.05;% 2)
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F2. BERESHEMNOAEEAROCERH . EOESEERY
HISNE (x £5,n=10)

Table 2. Effects of APS on HMI and LVMI in myocardial
hypertrophy rats(x +s,n =10)

4 HMI(g/kg)  LVMI(g/kg)
papitskicl 2.56+0.02  2.33+0.15
180 41 4.20+£0.02*  3.29 £0.14°
ISO + APS 200 mg/ (kg - d) 41 3.88£0.06" 3.20+0.15"
ISO + APS 400 mg/ (kg - d) 4 3.43 £0.04"  2.81 +0.25"

ISO + APS 800 mg/ (kg - d) 41 3.15+0. 15 2,39 +0.13bd
180 + M ZEK /K 40 mg/ (kg + )AL 3.17 £0.15 "4 2,41 £0. 15"

a iy P<0.01, 5XHRA LLE ;b o P <0.01,5 1SO 4l H# ;¢ S P <
0.05,5 ISO + APS 200 mg/ (kg - d) % ;d A P <0.05,5 1SO +
APS 400 mg/ (kg - d) 4L HL#,

2.3 DAEREESERT
L] A O L2 HE Y (e R 70
22 XRRALC RS S] 22 R 555150 4.0 L4
ks, AR IS 5 1S0 4AH L, 200 mg/ (kg
- d) APS T~ T8 RE % fiff 41 L {4 A /N (P <0.01) , 400
mg/ (kg - d) 800 mg/ (kg - d) APS F-HiF140 mg/ (kg
- ) WZRIE IR T TS AT A S 2 T 2

MO SRR (B 1 FIK 3) .
2.4 LBLLEZR FFA AMP ADP & ATP 28254

5% B8 41 A7 HE, 1SO 41 .0 UL4H 41 FFA | ADP,
AMP & &8 W] 5 FF 55, ATP & & B ik, ATP/ADP,
ATP/AMP [UAHY) 2% T % (P <0.01), 5 1SO 4
Fe#8,200 mg/ (kg + d) APS T HiJ5 0 LA L FFA
K&K (P <0.01) ,ATP/ADP ATP/AMP W (ETHE ;5
200 mg/ (kg « d) APS T HiAH I, 400 mg/ (kg - d) .
800 mg/ (kg - d) APS T-Wifl 40 mg/ (kg - d) 2
BIR T FUG 0 ILZH 21 FFA F 1K, ATP/ADP  ATP/
AMP HAE RS F 2R (P <0.05;384)
2.5 ANF #1 PGC-la mRNA BI&RIE

STERLA AR L, 1SO 41 ANF mRNA %35 THE
PGC-1a mRNA FJZRIBFEAIR(P <0.01) ;5 1SO At
200 mg/ (kg + d) APS FHif5 ANF mRNA 557K F-
A AR, PGC-1ae mRNA 26 3575 FF 58 %55 11 5 200
mg/ (kg - d) APS T Hi A [,400 mg/ (kg - d).800
mg/ (kg + d) APS T-Hif140 mg/ (kg - d) FHZHE /R T
Tilf5 ANF mRNA ik i L, PGC-1a mRNA ik
I I VR BRI (P < 0055141 2)

B 1. FESHENFKROMARRSZEMZNE(HE x400)

A XTIRLL B oM ISO 4H,C 4 ISO + APS 200 mg/ (kg - d) 2H,D M 1SO +

APS 400 mg/ (kg - d)41,E 73 ISO + APS 800 mg/ (kg » d) 41, F 9 ISO + TZEK/K 40 mg/ (kg - d) 4.,
Figure 1. Effects of APS on morphology of myocardial tissue in rats( HE x400)
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B 2. EESHEXT DAL ANF, PGC-1a mRNA RiZR %
i (x +s,n=10) A A 1SO 41,B RXFHR4L, C 24 1SO + APS 200
mg/ (kg + d)41,D 7 ISO + APS 400 mg/ (kg « d) 41,E & ISO + APS
800 mg/ (kg « d) 4L, F K 1SO + 2K IK 40 mg/ (kg + )4, a B P<
0.01, 5XFM82H b, b 2 P <0.01,5 1SO 4 #;c P <0.05,5
ISO + APS 200 mg/ (kg - d) 4l H#;d i P <0.05,5 1SO + APS 400
mg/ (kg - d) AL HEL,

Figure 2. Effects of APS on ANF and PGC-1a mRNA ex-

pression in myocardial tissue of rats(x +s,n=10)

xR 3. ARZHENAROCINMAMERNZI (v +5,n=10)
Table 3. Effects of APS on rat myocardial cell transverse

diameter (x +s,n =10)

| YRR (pm)
papileEi| 13.6 £0.3
1SO 4 18.2 +0.3"
ISO + APS 200 mg/ (kg + d)#H 17.3 +0.2"
ISO + APS 400 mg/ (kg - d) 4 15.6 £0.4"™
ISO + APS 800 mg/ (kg « d) 41 14.6 £0.3"
ISO + 2594 /K 40 mg/ (kg - d) 4 15.1 +0.3"

a i P<0.01, 5% R4 E ;b 8 P <0.01,5 1SO 4l HH ;e A P <
0.05,5 ISO + APS 200 mg/ (kg - d) ZH % ;d i P <0.05,5 180 +
APS 400 mg/ (kg - d) 4 HLEL,

2.6 PGC-la BAMKIE

5% IRALAR L, IS0 4H PGC-1a 25 1RO 34 L35
MR (P <0.01) ;5 1SO 444 L, 200 mg/ (kg - d)
APS THUR PGC-1a JTGH B AZ1K (P >0.05) , 1fif 400
mg/ (kg = d) 800 mg/(kg - d) APS T H 40
mg/ (kg + d) ¥ ZEW /R T WG PGC-la EHEIL R
ETEE HEE A BRAL(P <0.05;813)

x4, BEEZHENOAAL FFA S8 ATP/AMP K ATP/ADP LL{EHIRIE (% £5,n=10)
Table 4. Effects of APS on FFA content, ATP/AMP and ATP/ADP ratio in myocardial tissue of rats(x +s,n =10)

| FFA( pmol/L) ATP/ADP ATP/AMP
X HRZH 84.50 +16.41 1.94 +0.06 5.87 +0.28

IS0 4H 207.92 +17.54° 0.35 +0.03" 0.92+0.11"
ISO + APS 200 mg/ (kg « d) £ 176.83 +18.57" 0.56 +0.05" 1.57 +0.21°
ISO + APS 400 mg/ (kg - d)4H 139.25 +17. 18" 1.33 +0.07" 3.09 £0.35"
ISO + APS 800 mg/ (kg + d) 41 124.66 +13.98"™ 1.86 £0.05"™" 5.05 £0. 36"
ISO + 25 /R 40 mg/ (kg - d) 4 148.41 +19. 78" 1.72 +0.09"" 2.58 +0. 11"

a P <0.01, 5XFTHRAL LLE ;b 0 P <0.01,5 1SO 4 H# ;¢ i P <0.05,5 1SO + APS 200 mg/ (kg - d) 4% ;d 2 P <0.05,15 1SO + APS 400

mg/ (kg - d) L HE,

3w #

A WLAE B 2 A A 3 1 g 7 e aod T A9 155 0 1 7
A — PR RORE O IURE K 8 4 A AE R v o
JULZH S B 7 REAIL A 11 30 B S 0 3 7 P e 2, AT
O NLRER U R A A R A e, (HaX AP
BT REdAT HAR] Z Ak, 15 9.0 L 29 fiE >
FIIE AL, O URE B R 4% i 0 W S A 22, (HA
REWE L IR T oK, 5 R BUO R, AT ST R
AFFER T, IS0 755 140 UL JREASE 1L A i R 4 Y
RAEH T B E | e R B RS

WFFER I, i S A PRI 5 0 TG 32 4R ( peroxi-

some proliferator activated receptor, PPAR) 7E.00 5305
s AR EE 200 €8, PPARac BERZ BT 1198070 g i
R R g 238" PGC-1a 2 PGC-1 11 B 57
Z— REMSIE LG L PPARe, SEBR IR TR 4 Mk, K
AR RS, PGC-1ow AT DA o b 14 v i 117 1R 4
PEARSCRRF A ZEIR | ATl A PGC-1a KB L IL
FEJE VA7, IR AT I IT R R APS
REASAM ] 1O 55 i 7 A2 B8 SR AE DA 1 (R 47O E
B e DR R A ) 5l B R SR B B AR AT
FEHTHI APS 2 B EC iR R B AR M MR 2 —,
WA, APS BATPURAE HUw e SR Pi4a AL
HEZR % MG IRIE R IR SR ARG
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A B C D E F
95 kDa | INEG_GG S — - PGC-1a

42 KD A -2
N
'g 0.6}

8= bed  bed
S £ 05F

o9

.g @ 0.4} be

%o L b

a3 0.3 a

5% o2f

T S

Q -

8§ o

a 0 1 1 1 1 1

A B c D E F

3. BRSO ANALR PGC-la EBRZENF M A
180 45, B J9%F BEZH, C 9 1SO + APS 200 mg/ (kg - d) 41,D J3 1SO +
APS 400 mg/ (kg + d)2H,E 3 1S0 + APS 800 mg/ (kg - d) 41, F J ISO
+ HIRIIR 40 mg/ (kg - )4, a P <0.01, SRFMRALLLESD P <
0.01,5 180 ZHH# ;¢ A P <0.05,5 1SO + APS 200 mg/ (kg - d)ZH b
#;d 9 P <0.05,%5 1SO + APS 400 mg/ (kg - d) 4 b4z,

Figure 3. Effects of APS on PGC-1a protein expression in

myocardial tissue of rats

R UL JE rh R A 52 R AT T ST, A
APS il i PGC-1a BGE L UIRIE

AL R K I, SD K BLA M I 1353 1S0 ),
ML 3 J1 24 5000 W ok 28, £ 3 LVEDP B & 7
&, LVSP | £ dp/dt,, i & B, HWI, LVWI B i 3%
s HE G e % 5000 LA i 36 KL, 40 i A8 45 184 o, 4
7N 180 5 50 WILAE R AR A G Ty, ELISA 45 3 /R
I1SO 4 FFA & E U B TF 5, ATP & 8K, i ADP,
AMP & 834 5, NIt ATP/ADP  ATP/AMP [l
WE TR, #RUGREH =, PCR 451 BoR, 150 4
ANF mRNA ik, PGC-1a mRNA 32 ik BE A%
Western blot 45 2 78, ISO 41 PGC-1o 25 H & &2 I
b, 400 mg/ (kg - d) 800 mg/ (kg + d) APS FHiAN
40 mg/ (kg « d) HZIE /R TG, AR A 23,
FEEF AR, BB APS RERS TR PGC-1a (932
ik HEERE ST, BT b R 2R S AR BH A ) 2R
IR R LN TA R T 00 I35 5 05 B A R 20 9, AR
WFFE H A 2538 R AR APS (R B X R 25

CEL AR ES A 1S0 BEMEFE T D UIE R | FEAIR
RESE AR, S O NED B, APS REME 235 1SO 5 &
(R0 LR RS 2 i RE AR . LA FH AL v] R 2 il
I PGC-1a {5538 . APS 800 mg/ (kg - d) 5
FH X AR 2535 2895 IR 40 mg/ (kg - d) FEARAFSE X}
O ERSVE I TC WY S 2200 . A BIF 5 Ry e PRAG 7 O L
JEJEEER AT 1 R i
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