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ABSTRACT

Background: Astragalus membranaceus is a well known oriental medicinal herb. The polysaccharides of the aboveground parts
(AMA) and the radix (AMR) of 4. membranaceus are the most important functional constituents.

Methods and Results: The aim of this study was to determine the effects of AMA and AMR on the oxidative damage induced in
the skeletal muscle of rats subjected to exhaustive exercise. Sprague-Dawley rats were randomly divided into exercise and non-exer-
cise groups; in the groups receiving the test compounds, AMA and AMR were administered orally for 30 days. Skeletal muscle
samples were collected from each rat after running to exhaustion on a treadmill to determine the activities of superoxide dismutase
(SOD), glutathione peroxidase (GSH-Px), and catalase (CAT) and the concentation of malondialdehyde (MDA). The antioxidant
enzyme activities of SOD and GSH-Px of skeletal muscle of AMA- and AMR-treated groups were significantly higher than those
of the control and commercial sports drink (SPD)-treated groups in exhaustive exercise rats. In addition, MDA concentrations in the
skeletal muscle of the AMA- and AMR-treated groups were significantly lower than those of the control and SPD-treated groups. In
the present study, the effects of AMA and AMR on exercise endurance capacity were also evaluated in mice subjected to a swim-
ming exercise test. AMA and AMR supplementation prolonged the swimming time of mice and enhanced exercise endurance
capacity. AMA and AMR possess the ability to retard and lower the production of blood lactate, and prevent the decrease of serum
blood glucose.

Conclusions: These results showed that, AMR and AMA exerted beneficial effect in mice, increasing the activity of the antioxidant
systems and inhibiting oxidative stress induced by exhaustive exercise. The compounds improved exercise performance and showed
anti-fatigue effects against exhaustive exercise.
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(Mehta and Agnew, 2012) ©]2ist TH3AQ1 &4 H=2&= 2
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(Ament and Verkerke, 2009).
=22 F2O] A 48k RE# 2o ofg E44F oY
o] 7k o]2og AMAH3E 4 edl (Coombes ef al.,
2002) =EHQ1 #F0] NPE= T FAZAA Y 49
sFo] F7ksled E2d4kAF (reactive oxygen specise, ROS)
I A S Aol SRR dEA 9)eH (Chiaradia
et al., 1998) ol&|gt SIS HIESH A gz A
Q1de] &aks} Ho] AlAES

Zdol AA el #Hg-sk= W

¢

drdle TR AEEE Ag ditdo= Aksly ~EY
2o &% Zow A3ty 9ltd (Bloomer et al., 2006;

Goldfarb et al., 2007).
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g 9B A5} 2Ed2e] G B AL, G 2
NASH 28 AE ) A1) Bl feldare nA T 249
b # 3t (Niu er al., 2008). T=3F o= NES
o)t =24 2o TS AR Z AN A
AR oA ARGl e tiAkkEe] e 71%
ok B Y EY T} (You et al., 2011).
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H| g A7 gkshA|e] B8-S Fal o]t ails) Al=F 5y
o] Z7Fd & Ukl BIEJRAL It} (Urso and Clarkson,
2003).

QR Y HEAITE 5202 RlIgh AAA BRE A
Z Ao BaEoR| Q17] ol (Yeh er al, 2011;
Huang et al., 2012) olUA] ARgol] 2J8)] = @A AH
o] AAke ZolAY oA ARE-S BEFOE ML
de 54 dgau BxAe A7 et

3Y7] (Astragalus membranaceus Bungey= F3 ol &3h=
thad o= Hls Aofo R o|gslal U= 7P Q7]
UE A7 FEAE T SR 2000 o oF2=E AL
L30Tt (Auyeung et al, 2016). °]E]dk 7] |}
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2 - M2 - wEY - 8
Aol e 7% B4 7]odEE astragalosideset

72 steroid saponin glycoside$} isoflavonoid, polyphenol

2, HF AR 2 oA (polysaccharide) Tl ATt
B35 9l7]9] (He and Findlay, 1991; Ganzera et al.,

L

2000) Hel= Alof B AFUEE AREEHAILL 3o A4
e AF Y8R o]8H

o] T 7|9 T3 AP EAR ] HeERY =
SFA (4. membranaceus polysaccharides, APSy= %
ab, o det S, Futely s &4, st &4, st
A 2, A 4 A oF F Hel 5ol o
3E g5 yEpdo] B Ut} (Yuan er dl,
2008; Mao et al., 2007, 2009).

Rk opue}l H Aol oJshH ] Eelo] E3E X
A e} o2 24 25 7 arabino-3,6-galactan Al E <]
A7 7] APFR-ERE EelE Zlo] B FHAS™ (Lim
et al., 2016), o|2|gt 7] APFF-EHE =)zl ohdA| 7t
& peyer’s patchs "7l = ste] AAHAAAIS DAt A2
B ool Male gigt RERaart ol RIS (Choi
et al., 2014; Yang et al., 2016).

w3 ] FEES A5 2502 Qg BAskE vkt
T A AdslE dietAd Aol E8FQl
SN2 ¢ itk Bylon] (L ef al, 2004) 37] A4
5 g At thdA o] Hedt ol o8l i WeAs)
of thsled CD4", CD8™9] MESFE FAIZ|ZL CD4'/CDS”
ratios P88 FAAATH cytokine®] F= W= F5i]
Th1/Th2 ¥H&-0] #8S FAXA WYsE 3|E5A1E +

gel® vl Aot (Lee ef al., 2018).
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71 (Astragalus membranaceus Bunge) A3 2
Aol 23 ABoNA= 6 T2 T3 Sprague-Dawley rats
)3k vlo] @ A (Dachan Biolink Co., Ltd., Eumseong,
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Korea)ow 2014 59 2290 YFete] AREER e FE

250l o8l frdEle 2 9 g g 7] A
r,z; Hﬂa ohAle] B3 AAS flairle 4 ] 7 ICR
nRe-2E Hlo]Q oA 2014 49 15U Y5rEte] AME-

ST
AFEL 7 A7+ A83AH F-3A)1 ? SPF A3 5E&
A Y ARSAA 2% 23.0+3.0C, AISE 50.0 £20.0%=

FAE 2bE Y Aol Al ARgsi Aol AR

=

FEAYES AYEE HEE =Fsey darEY
gl SEAEEEEsY $A8 wol HYPsATE (e
W3 14-CRO-001)

2. 2| A1 A =25 OZAe] MxE
F7] A Brele 3 9 7] (R DHE AAEs
“713*1 HERE ol AREsIglen (R 2013, 7.
1, Bal; 2013. 11. 21) TS &7] 9lsked Haog} Wang
(2010)94 WS HEske] ARSIt
TAHOZ SA A A FEE AxE 7] AFEe) o
2, ZF 1kgell sl 20 i F32] 7ksted 2 AZE
B 90ColA 2 3] 719 FZ3}3 filter paper (No. 2,
Whatman Co., Maidstone, England)® {3} 3}$1om o3}y
S Rol 7FsZE (N-1110S, EYELA, Tokyo, Japan)/|2 Z
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A F=do] 1 L7} & W7kA] FH] dF FEES AX
akact.

TEE 7] A 9 ve dF FEE AR el oF
5 o] olehS-S HHs] H7FSIGAAL 4TelA sk St WA
slod FHAZL F 4TCoA 30 E7F 7,000 rpmo =z 4] B
gate] Tl AR ZElsilon gFeds AlAGE WAL
s %@ Azste] 7] A oA B2 (AMA, 19.42 g,

S8 1.942%)3} 3}7) B
= 6.241%)5 =519}

oA 23 (AMR, 6241 g,

3. W= 20l ol 7esl= 242 M
S| Al 9 5] TigAiel e HEsS

e el o8l FiEe ZAS A &l tig &
7] A3 2w gaAle] a3 AAR8S 218 6 7%
F71 Sprague-Dawley ratS 2&4l¥ (B H]5AE (NE)
Z UL 1.5mb 9 sterile normal saline (vehicle) <
(©), 871 AFF v Al T (AMA, 500 mg/md, ratol] 73
o] Al hamolytic a01t1v1ty~ Ueh®] &= Hd F&=,
2016), %71 He o"A Fo (AMR,
10mg/ml, 5o Al AFd 23 Jeille H4 5k,
AR FAANOE Xt o 2 BHRIIAL 7F AEte] A¥E
& v e 8 vEE s
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7| cigalel 22

A FE Uit ZF AEE FANHF 10mlkg & 71F0 R
T 1 3] Axst] 30 & Bt skFl 2-3 3] AT FoIst
R FE IFHFE 2x= 55 Folit (SPD) H|RSI S

SPD2] 739~ A Aejolng AAE 2R Fofd e
SHA] FHlste] ] S
4. Treadmill2 0|25t 2S2LA

AE T H s A Aol $21 Sprague-Dawley

rats o= s ﬁioﬂ 23312 treadmill (PBC47700

treadmill device; Coulbourn Instruments, LLC., Holliston,
MA, USA)Z o]&3ted 7 9 &% 15m/min® = 15 & 5<F
SEANFHLH treadmillell= H71SAZAE F2el] &5 5
718 FAT = J=E 39T Ji ef al., 1991).

A5 AATFLo treadmille] AANE 10°% 7]&0|7L &
ZF 30m=E 5L FsH 81 ‘:} (Brooks and White,
1978, |t 0, &H|9] ¢F 70-75% &=, Hdl 0, &H|= A
HE =] treadmillol|A] ©f o]/ %11%‘ —’F N wo] Ak

H] ).

5. &2 SD rat2=2%E| skeletal muscle homogenates®]
MZ 9 skeletal muscle homogenatesOlA<{2] SOD,
GSH-Px, CAT, MDA?Q| &3

7} A3 EETolA] skeletal muscle homogenates®] |25
$3ked exercise test7t $EE 47 Sprague-Dawley rat=
thiopenton sodium (50 mgkg)S. 2  wiH A 7|2l ZA S
(skeletal muscleyS SA| HAlste] A 2Dl HAAZ T
FAZE ZAS F% A3 ice bathollX HH3] dllE5Hd

10m¢ ]  homogenization buffer [150mM KCl, 5mM
MgSO,, 20mM Mops (pH 7.00), protease inhibitor
cocktail 1:50, 0.1 mM PMSFIE #7lstal #23}sl9lom,

1,500 rpm (5415C, Eppendorf, Hamburg, Germany)}
20,000 rpm (Avanti J20 XP, Beckman Coulter, Palo Alto,
CA, USA)CE 2 BHA 4] & Z3)3lo] oo AJEolS
42 SOD, GSH-Px, CAT gAEW S AA AL MDA
sze AAHA.

1) Superoxide dismutase (SOD) 84 33
g
activity assay kit (Abnova, Taipei City, Taiwan)S ©]-&3}<]
SRR

96 well plateo] sample?} blank 22| ZF welloll sample
20 4 AS FF313L blank 13} blank 3 ZF wello] ddH,O
20 0 HF3ITE 9o RE wello] WST-1 £ {[1-(4-
indophenyl)-3-(4-nitrophenyl)-5-(2,4-disfulfophenyl)-2H-(0157)
200 /2 253 5, blank

Superoxide  dismutase superoxide  dismutase

=
—

Jtetrazolium, monosodium salt}<
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29} 39 buffer 20 A EF33L sample?}t blank 19
xanthine oxidase £2 20 /42 715l plate mixd %,
37Co] A 20 B7F WESAIZ] T 450 nm oA 3 =S =5}
Atk &4 ¥ FZ T+ superoxide anion radical inhibition
rate(%) = [(AbSpianki — AbSpianks) - (ABSgmpe — AbSpiank2) /
(AbSpjaki — AbSpians) * 100]8] AlMHAS gate] %= ALk
skal, SOD &4 2742 483k SODE 0, 3.125, 6.25,
12.5, 25, 50 Umt s== 2P FF34S 2dste] U/mg

protein®. 2 #Hak515]

2) Glutathione peroxidase (GSH-Px) ¥4 &4

Glutathione peroxidase= IMIS5rAE B2 FUA7]=H
HoAsls 42X Ta49 AL sample 20 K0 3.5mM
glutathione reduced form 1200, 0.5U/mé glutathione
reductaseS F7FH ¥, 2.5 mM NADPHE F71=2 713t}
o37]9l 30mM tert-butyl hydroperoxideE gl HHAIZl &

340mmollA 1 B 7Hho® 4 B ot FHEE 24s] A
el Tigisled e e,
GSH-Px
activity ~_ AAbs340/min (sample) 0.2 mf % DF
(Unit/m?) emM Venz (m{)

emM (mM-cm™!); extinction for NADPH at 340 nm

622mM™em™), Venz (ml); the volume of the sample,
DF; Dilution factor

3) Catalase (CAT) 84 &4

FrEEAE B3 ARARE HIIAI|E catalase S-S Aebi
(1984)2] spectrophotometric method= 49 3}%i T}

96 well plateE FHlsla, Z2A 1049 20mM H,0,
LA 29045 F715H] microplate reader (Model 550,
Bio-Rad, Richmond, CA, USA)%] kinetic methodS ©]-&3}
o] 3 E7F 240 m oA 54 =2] WIS ST catalase
a4o] &AL U/mg protein® 2 3253

AAbs,4/min (sample) x DF x V (m{)
emM x Venz (m{)

CAT activity _
(Unit/mg)

emM (mMem™); extinction coefficient for hydrogen

peroxide at 240nm (0.0241 mM™), Venz (ml); the volume
of the sample, DF; Dilution factor, V; total volume

4) Malondialdehyde (MDA)S] &4 &3
Malondialdehyde®] 42 4] @il =&

ot - 2a
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A - M2% - RE - UE

317] 918t AoZ 500 L9 AlBo 250 19 15% TCAZ
7}, 3,000 rpmellA 10 E7F BTG 2 3 5

500 10 & A} FEO £7131 500 10 2] 0.38% TBAES 7713t
Atk o]l Z HojE 5 100TCA 30 & F9F 2o, 10
E7F coolingdt % 3,000 rpmollA 10 #7F 4R s

(5415C, Eppendorf, Hamburg, Germany). 535 nm |4 $-3%
£ S5k, offe] Akl tiysted MDARLS S5kt

AAbSS35 x DF

MDA (nmole/mg protein) = AAbssss (1 nmole) < V (nl)

DF; Dilution factor, V; total volume

6. =230 ool FLE= =2 ¥ 2SSl tist 2|
Alake o see] OEHo] o HAS st H250

ol ol frEes T= B g tig 3] A
5 9 By oo a3 AR = 4 T e ICR 843wt
25 e E v 2F Agolre tZ (nonexercise
control, NE-C), 7] XA t}dA| T FoIF (nonexercise
AMA, NE-AMA), 7] #2 g=A &5 FoL
(nonexercise AMR, NE-AMR), &7] /4% A9} He
OggA &3 Fo7 (nonexercise AMA 1 g/kg/day, AMR
| g/kg/day, NE-AMA 0.5 ghkg/day + AMR 0.5 gkg/day) .2
319 S AGoME &5 ET (exercise control, E-C) 2
7] A A @ Tl (exercise AMA, E-AMA),
7] iy oAl 95 T3 (exercise AMR, E-AMR), &
7] AV ohdA B B oA 9 Tl (exercise AMA
0.5 glkg/day, AMR 0.5 g/kg/day, E-AMA 0.5 g/kg/day + AMR
0.5 glkg/day) -2 153351

7] AP oA 9 e 8] e oA O £
2 1 g/kg/day®] FO=, 7] AFF ohdA 2 B o
Aol EdAE] HeMe HE A&Yo] dExEet T
3 o] HEE 0.5 ghkgdayo 2 A3 Foie 30 o
A Y Ak AT B, RS §Y 72
FTE ARSI
T, 7] A ORA B Fold, 97
o, 7] AT 2 e oA £

o

&3F Faolof 30
SPEA 14 A3} 28 Aol Z}ZF Ao} A
ARES 7, 14, 21, 28 Lo k2t dHA1F]
ST

He] oA

>

T 24

% (90 x 45 x 45 cmyZ: ©]

x°] 357 =& A F

). eERele TR 4%

&
2~
B
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[e]

2 243, 2 water flowmeter (type F45500,
Blue White Co., Westminster, CA, USA)E ©]&3dle] &2
T8 S =dssint
2 AF AR A1
AZAI717] fleted 2 e A
min, 15min), 2 HE| A|7F
min, 15min) S5AEe] ¥
AR P25 3 A
P A 2 AIE A ER|
+5 Y

3T O A~
rUSE

= O
2= Tr’oc:}

8. &| XAk 9 v2| Og| Sojoll WE shiRdes
S0 S29| i U L =X

ICR $4PF-25 o2 R o5 #, 25 15 &
T, % AN T4 15 B 5, F4 60 Rl ae) g
ol FAlS AFsIe™ 3,000 rpmolld DAEE (5415C,

Eppendorf, Hamburg, Germany) 3t @37k Eel3l%ich &
=

L —70C Yearol SA] Hasle] Ao o]gaion ¥
3 (glucose) Al (lactate)S ZAF = G =47

(ARKRAY, Kyoto, Japan)s ©]-8-3sle] &3t}

9. Sl

RE AIAHEL HFA| + F5HA} (means £ SD)E UE}
wWlom 7zt At o] FAISHY w412 Statistical Analysis
System (SAS v9.2, SAS Institute Inc., Cary, NC, USA)S
0]-8-3l>] One-way analysis of variance (ANOVA)S AA|3}
AL A 2 zkel7t AL 7S 5% Frelg<EelA Duncan’s
Multiple Range Test (DMRT)E 431490 (p < 0.05). X
gk Student’s rtests AAITH F FoAHS p<0.05 p <0.01,

p<0.0018] FFAA 22t AT,

-

21}

¥
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1. YE2S0| 2|5t skeletal muscle?] LI
S| Aok U 5] TidAel Ast

SOD= ®bEAel =om =AS foste oz
superoxide anion radicalS ZFSFFAZ dismutationA] 7] =
AgS Hdsle w9 a7l kst G4o|t} (Jenkins and
Goldfard, 1993).

ol st A HE U 248l &l tlgh WojAl2E 2
3Rl SOD &gl thste] 871 (dstragalus membranaceus
Bunge) A/ TFEA| 2 ] O E ARl e 2

ul
=

275

Ao aA8S AATE AF vehicle Ao 9
H] EAIGNA 188.65 U/mgS LERA WA SFAHollA
99.27 U/mgg UeR o] 50 23] A= oxl &AgskihFe

s} o]2 H=3) sl7] ¢33 SOD &47F 2553 WollA]
ARH wel SOD f4e] o] Aukgxel oz 7t
2tk 23S 48 5 USiTh

3] AP oA B 2 3] He oA Fo
0 A% ¥eF AENA vehicledt SAZOE Z oS
YERNA] A9 S5 A Dol A= vehicle tE-2] SOD 43
99.27 U/mg & UERHH Wiale] 7] A g 2 #ie]
O3AE AFoske A5 27 134.83 U/mg, 175.76 U/mg

UER &7] AP ohdA 2 B gdAE A Relst

A9 F5d &5 os] 7HAH SOD T4 A4S 3E
4 e BeE RIFATE (Table 1).

AN A A2FE AASHE ° T3 2
AgeME v EAGelE) IR Y] XK

o 2 3] e thdA| Folea] EagAe] SAHSR
7l e JepISlon 5A1Ee] Agolrw 7had
GSH-Px &4840] 3)&HEe 2& SRSt (Table 1).

HHH CAT (catalase)?] 749 & EAEE 0,2
Qlgl] AAtEE H,0= GSHEEW oluz} M|E W catalaseol]
oM = 2EEARY g Aste] H=d 739 catalase
e o= 4 AUrh= B (Hollosay and Booth, 1976)
o} FARH ARk o= v LEAIEL] BE Fojito] Hlsd
SEAGL BE T gasle A3E Yepony
7] AR oA 9 &) v oA Foldl mE g4
de] 3]E-2 FRIEA] ATt (Table 1).

71E AMEER de 2x2= FE AT (SPD)Y B¢
SOD, GSH-Px, catalse®] &4 @d¢] WS VehlA] o}
FHEgEol ofst HAThs &4 9 MxEe] AkslA &gl
gk Bs 3= #FERA] AT (Table 1).

Catalase 279 ®slol]l tgh Folv|gh 2] JaFS vehd
T e Mt 59 = gigt 7% 483 FrpE F7t
oz A solof & Ao7 AzEm 5o It 257
2EF 2 tfst G4 dAiksiA| 9] 2H8ell 214 hydrogen
peroxideZ water? WH35I== 1 Sh= catalaseX U 3%
9] 715& F3sh= GSHY WH-S vi7lskE GSH-Px &4:9]
o] Aoz 288 Zolgkal o ST

37 AFE Fate] 7] AP oA 9 7] e o
A Fofol] whe} =t &5 Aol AT e 5%
2 9 A|xze] AbshA &4 whAY ARAIE
Easl=

250] Y= AR= Bt
ool 5 L U=
g Foll AAETE] polyunsaturated fatty acids”}

4l GSH-Px¢]
AP A =

[e]

s
_

=
T
A=
T

[e]
= e
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Table 1. Effect of polysaccharide from aboveground parts (AMA)
and radix (AMR) in Astragalus membranceus on activities
of antioxidant enzymes in rat skeletal muscle tissues.

Group SOD (U/mg)  GSH-Px (U/mg) CAT (U/mg)
NE-C  188.65+8.56  15.65*0.64 5.14%+1.11

Non- NE-AMA 191.32+7.11  17.88%0.89** 5.46%+1.76
exercise NEEAMR 201.21+5.21%% 19.47+0.75%* 4.98+0.89
NE-SPD 183.14%£9.29  14.65%=1.21 5.22+1.86

E-C 99.27+5.32 7.28+0.54 4.67+0.89

Exercise E-AMA  134.83+6.34** 12.97+1.18** 4.46+0.76
E-AMR  175.76%8.24** 16.29+0.55** 4.75+0.65

E-SPD  101.33%+4.12 5.28+0.87** 4.66+0.34

Eight rats were observed and tested for each group during the
experimental period. *Value marked by different letters in each
column are significantly different by Student's t-test (**p < 0.01)
compared the non-exercise or exercise control group.

= B4 74 P olfd FHS B3 Fwd 95 X
Aspakst Al AFRE Yehdtial B oA 9l
(Alessio and Goldfarb, 1988).

S kA F hydroxyl radicalo] <54 2He] unsaturated
fatty acid®} WHS-3l= 739 lipid peroxyl radical®] &=

REEY

[e)
=

alol]l =g &4 AT AFILISRe] ARt
frEstal AdIs= Ao BolA o] {54 H
oleAAte] SAE HIElT HNES HIA T ZFo| I9=
S A "ok Margaritis ef al., 2003). ©] 3 Fol
malondialdehyde (MDA)= polyunsaturated fatty acids®] At
ste] F83F HF AHEol TF in vivo FEiolA o] A H 3
slo] A xE SAE KT B % AFA Al eE o] A
A MDA % FT7HE fidhe Aoz 4#A Ao
(Killian et al., 2014; Li et al 2015)

o
o

=
<]

7] AR A ] gAE TS APsEelAN e
T 5 252449 MDAS] FxE F4ste] vlwst Az
Hl 5AIFollA vehicle Fo¢] MDA X7} °F 6.73
nmole/mg-S VFERAT] Wisle] 7] 2P 9 He] oA F
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(Fig. 1).
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Fig. 1. Effect of isolated polysaccharide from aboveground
parts (AMA) and radix (AMR) in Astragalus
membranceus on MDA concentration in rat
skeletal muscle tissues. Eight rats were observed
and tested for each group during the experimental
period. Data express the means =+ SE. Values with an
asterisk above the bar are significantly different by
Student’s t-test (*p <0.05; **p <0.01) compared
the non-exercise or exercise control group.
MDA =4 Asl a3= 7He Zlo= =T,

W 71E 232 550 B9 2FAIEAA vechicle £
= Hlsﬁ oFke]l MDA =4 #aads el 99%
AEFE (p < 00D FAA FroldS UehiAl dtar
95% er HelXe fFast F<eoldtt (p < 0.05).

o213t AAE T3l 7] A B oA o=
rate] ZHEANAM Atk E4S ‘%‘—% T 3= lipid
peroxidations THeAZ e B3t S-S EIE A
At
2. 12 915 A SSE WMol of tist 2] A5 3

g2 TigAiel gut
1) 7] AR & B2 g3A Foqol BE FE AF
w3}

AE717F S 2wt vlaste] 8] ve] oA Foish
T 25 7Y AHEglel 14 ¢, 28 Y EFoA AT
frold s YepiA e v Wl AP oA Fo
E WHag ZoA A 5 7ol BAgle] 14 o, 28 ¥
BRoA Ao oAl AaE Ve 5 7] A
- thgA o] Foje) Fo] A&l wet Fo] wE A
T A AW U SRS Gk ¢ AU (Table 2).

F7] A H ] ORAIE et ATeleh el
T FAACE fogt 7o AT AanAE SRlsi=T
olggt A= 3] A5E7t B-glucan AIE L] polysaccharide
2 7A=Y o= A3 (McKenna et al., 2002)2} weanling
pigsE o E sto] 7] AHtERH E2d B-glucan 7l
&9] polysaccharides A1F 3FAS @l oW weight



o

s =

| ofo Fe=l= /=0 Cheh 27| CigAle] g2t

Table 2. Changes in weight gain and food intake of experimental mice.

Weight gain (g)

Food intake (g)

Group
Day 14 Day 28 Day 14 Day 28
Control 2.23+0.66 5.12+0.76 43.45+3.78 92.43+3.22
N . AMA 1.38+0.14%* 1.56+0.59** 47.62+4.11 90.64+4.57
onexercise
AMR 2.58+0.61 5.08+0.81 46.11+5.63 94.65+3.35
AMAO.5+AMRO.5 1.94+0.53%* 2.44+0.65%* 42.45+7.78 91.87+4.12
Control 2.23+0.68 4437087 4533+4.23 94.76+4.65
Eerci AMA 0.98+0.22%* 1.00+0.34%* 48.21+5.75 96.77+5.87
xercise AMR 2.65+0.37 4.89+0.67 49.43+5.43 97.87+6.56
AMAO.5+AMRO.5 1.56+0.57** 1.67+0.43%* 45.64+3.44 94.35+3 41

*Value marked by different letters in each column are significantly different by Student’s t-test (**p < 0.01) compared the non-exercise or

exercise control group.

gain?} feed gain H|&ol A3
(Mao et al., 2005)5 223}
7] A trA e 71918

g A7 g A7AH ] AR E 2eE
A7} arabinogalactan A€ 24 AIAAGEAS YERATH
= AF47} (Choi ef al, 2014)9}F diet-induced-obese (DIO)
miceol|A] W A13} arabinogalactan A€ <] polysaccharideS 73
TEAS A AFFA 3-4 A A $HE AT gAhE
£ Yepdtks 4743 (Haffer, 2012)9}F Hlasle] & of 3
7] AdE2RE He" thdA| arabinogalactan Al thd
A7 A gt S G F Aok

7 Meltell ] Hat AoldF S AP 5t HFHA
oS Fsle] kst A¥ W AoldA RN E tixdt
3 mlaste] BE oA folF zolE VERA ekskth
(Table 2).
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7] A g ) chAle] ke TR Ak
2 3 olele] £F AEE UEle §% 7 /mind] £%

A% Aol B AGAA §9 IANAA LEA7)
=gsiirt.

flilo

7 A3} Fig 20 hehd wisl ol HE/17 B 95
g Py et vasiel §7] Wel ] W% Fol

= (AMR)YIA &% 14, 21, 28 Lol 27 46%, 52%,
68% (20.0 min, 22.7 min, 29.8 min)?] A A7+ =
o JeEpilo™ 7] AR oA B Tl (AMAY
e 27t 56%, 61%, 64% (13.7 min, 18.4min, 20.8 min)

o] FFEORE A EATte] EEHARES o F Ao
7] AP H B oA o] Rt Y el 74
gk FEFS HX= AS RIS (Fig. 2).
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Fig. 2. Endurance exercise capacities of isolated pol-
ysaccharide from radixs (AMR) and aboveground
parts (AMA) of Astragalus membranaceus in
experimental mice. Eight mouse were observed and
tested for each group during the experimental period.
Data express the means = SE. *Values with an
different letters above the bar are significantly different
by are significantly different to control by Duncan’s
Multiple Range Test (p < 00.05).
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= 2 Q7] WEe R FYHTh
]T‘Z— 7] B RFHe| F2d 784 FEEC| rael o
gk A FEolo) 93] 7+e] GST (glutathione S-transferase) &
25 A8 7F 715S AL EHA diethylnitroamine
o o8l frEEe 7Ee EFFoR AAstaL AN F
9)\% | B3 (Cui et al., 2003) o AAH 7] R+
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Fig. 3. Effect of isolated polysaccharide from radixs (AMR) and

aboveground parts (AMA) of Astragalus membranaceus
on serum lactate concentration during consecutive
endurance exercise and recovery term. Data express
the means = SD.
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Fig. 4. Effect of isolated polysaccharide from radixs (AMR) and

aboveground parts (AMA) of Astragalus membranaceus on
blood glucose level during consecutive endurance
exercise and recovery term. Data express the means = SD.
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