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ABSTRACT

Background: Polysaccharides are the most important functional constituent in Astragalus membranaceus. The purpose of the pres-
ent study was to evaluate the effect of polysaccharides isolated from the aboveground parts of 4. membranaceus (AMA) and poly-
saccharides isolated from the roots of 4. membranaceus (AMR) immune function by modulated cytotoxic T cell and Th1- and Th2-
related cytokines kinetics.

Methods and Results: Sprague-Dawley rats were randomly divided into exhaustive exercise case groups and non-exercise case,
AMA and AMR samples were administered orally for 30 days (500 mg/kg/day and 10 mg/kg/day, respectively) and were compared
to those rats in the groups fed commercial sports drink (SPD) and vehicle. Both exhaustive exercise groups and non-exercise groups
had a lower ratio of CD4" and CDS8" cells in the spleens of the rat fed AMA and AMR compared to those in the rats fed SPD and
vehicle group. These results suggested that AMA and AMR promote an increase in the proportion of cytotoxic T cells. The IL-4-
producing T lymphocytes decreased significantly in the AMR (10 mg/kg/day) group compared to SPD and vehicle, whereas the
AMA group increased the IL-4 concentration more than the SPD and vehicle in exhaustive exercise group. However, the popula-
tions of IFN-y-producing T lymphocytes of AMR and AMA increased. AMA decreased the concentration of IFN-y to inhibit the
Th1 response and thereby increased the concentration of IL-4 to induce a Th2 response that was related to humoral immunity in the
non-exercise group.

Conclusions: These results showed that, in addition to Th1/Th2 regulation, AMR and AMA played an important immuno-modula-
tory role after exhaustive exercise-induced Th1/Th2 lymphocyte imbalance, which might be correlated with cytokine producing
immunoregulatory cells.

Key Words: Astragalus membranaceus Bunge, Aboveground Part, Exhasutive Exercise, Inmune Response, Polysaccharide, Root Part
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(cell immune response)®] “d3} dHA|e] S
A w7 M-S (antibody mediated response)}
A HAuS- (adaptive immunity)S 4 AlZITh (Jeurissen
et al., 2003).

WA EapEolar AwatA AR A&k 93
Pre] FANESS AT ¥ ol 2Fo=
& S7HA712L (Penkowa et al., 2003)

oprlat e S IES 5
HAR A O] o] fit W opg} Al oA B
WPAA A ZALE FAE F ATl 1
(Nieman, 2007).
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o147}
2Aolq Wz A Ao E71]]

o
FES 2487 Yozt BuE At} (Rosa ef dl,

& AT Zdol dojA dATARD HEgh 5o
Zk2el 252 AAMSIAHE (natural killer cell), @¥E7IC1 &

28} A8l A|E (lyphokine activiated killer cell) 2 HZ

(lymphocyte)oll A3E WS A9} #Ho] Ut} (Rohde er
al., 1996).

&0l oy 7] SR QIAe] Mos el felg
2HE vRItke A2 SR8 ARy EqfEo]al FEEA|
AAZE AEshs A3 Al Fo] AYRESoA FaskA
VIFE PAI= olfre= T HEF9 E3p7} HIHFAOR Yo

7] wio|t}.

TA] el B f2]o)ar skl ZAZE A et d3d o
|50l Aol Wkl that 3ol UAA T A=A
23 WS AlazeiviAg Wewk-ge] FvhEoE A i) |
9Iuk-3- (antibody mediated response)?ll 71¢i= Th2 Y

i)

o] A& H=aA sl FAMAE HGRRSel [HEaH
Sro M WARgo] HFEo] dojupr] wEelth (Kim e
al., 2013)

ol gk W2 Th2 FEZFHH A|ETRIS fEdle, 3
Al w7 WS AEAI7|A sh, ol e d#=r] ¥
A& op7lshs IgE A AAES AL itk B
(Rihoux, 1988)=)3. lt}.

A AF5A ARIETFRI (proinflammatory cytokine)Z} & ¢
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4] Alo]EFIQ] (anti-nflammatory cytokine) AFololl& 954
HE Adeloll o A W HAL] AR|ETR] 3=
AL E7IRIS] A7l 2 WE, A4S 3ol A ] AR

o

7Rl F&, A= 2 AR E]A f, A Tl
o)) AREY (Kilciler ef al, 2008) TAES] Ao B %
T g dAe] gt Wl wkg-g FXlsk=dl o] 54
¢l 98-S Ft} (Dinarello, 1998).

THIE7F AAikehs Aol EZIRIS 7 F72] HEeh subtype
o8 U¥ojxEd CD4” T helper =97 CD8 T
cytotoxico] ARIETRRI A4t FFe] Z2ulle]] 7|2= sl 7}
Z} type 1 (Th1)3} type 2 (Th2)e] HZ7F Ft} (Mosmann
et al., 1986). Type 19] FBZF= QIEIFHE v (IFNy), QIEIF21
2 (IL-2) % HEF F% FAF 1A} (TNF-B) Ale|EFIRLS A4t
oz A o Aol g AEZeizAg Heuk-ge] H4
ARl AL k= WM type 29 HEFE IL4, IL-5, IL-6,
IL-10 3L IL-13 9] AllE7IRle Aitsto] Al o] welat
o tieh Wof 288 Tdshs FAv) HARESe) 7108k=
Aoy Mo S frimshe AoR A AT (Abbas
et al., 2012).

o] T FF Al|ETRIE wat 248 AlsE Zgsh=t
IL-4 2 IL-10 #8]= thA MM fFEx]= IL-
sk 2dsto 2 Thl WY wkeo JAE 2
IFNy= Th2 A% 9h&-S AATOZMR Thl/Th2
= fishe Feloltt (Kaiko er al., 2008).

SHA Aol o5t Het 252 WY U F
ZNZ1A e gk A3 S SRt Slo] SR

g A FS S HW 1 vhe] §3E Yl
9t} (Nieman, 2007; dos Santos et al.,

1
R

A% Ao 523+ Th1/Th2 ratio®]
AT W75l EEe
Aol ®ard ek of2} Thi/Th2 ratio®] B+t
o = AL H2lou St e A
H31 (Schroder et al., 2010; Yang et
al., 2010; Gu et al., 2011; Zhao et al., 2011) 7] wj&o
Th1/Th2 ratio®] B3-S 4stal HY7eS FEAZ
Ue Afe] ke ug- Fastt sHlch

250] A8t A EAETE oE) o71EES
= YRRISAA 250l oal Hl¥ 4 HAWHZo| S22
dakaze] Amn]7E W eh ool mil -E Aol Al Rk
ZAEE B S5 &5 AR dHET] dgte] Ut
e A7+237F 212y (Hackney and Koltun, 2012; Kim
and Kwak, 2012) °]&gt S7do] dojul= Heolx &35k
o7t EFolv Ao e LFUA, Leud, ST 2
=6 o5 59 olfE &2 A7t oYk

b

oy

N

o i mg‘

¢



OIAI - O[3l

9,
2
k<)
)
e
=Y
o

[

=)
182 o
{r

)

e o
olo
o
=
[
rir
Mo
O

2
ol
S
<

Mo

N
)
ox
o
315
=
=l
ot

2 fo O

(]

- —=

ui
[e}

%
N
o
g
18
BN
i)
2
g
lo
™
By
oX,
o
o
o
L)
Rl
%0,
e
I

AA9] 344 (homeostasis
Al, NEHA, A7AA 2 e3Al0] 24T 4 dtial By
St} (Schepetkin and Quinn, 2006).

TAHORE FAE F5HA et 5l A4 (Panax
quinquefolius) 252 COLD-fX®0] 34357 ds 2 7+
719l W ES S FE=o T deo] BAE Ut
(McElhaney et al., 2004; Predy et al., 2005).

7] A2 RE 2] o1% polysaccharide astragalactan
© 2 macrophage?] 7152 43} Al7]3L (Lee and Jeon,
2005), tumor necrosis factor®] AJ4HS ZZI35HH, lymphokine
activated killers =& wel IJAE4 (Cho and Leung,
2007ay R N ople}, 87] AsHrERE EEozl
F3 fractiono] WA o] §5S 7KL A2 HISIN
t} (Cho and Leung, 2007b).

37| (Astragalus membranaceus Bungey= I3l &3k=
had o g WS ko g A= AFYE o83t
3 9Jom o]Ee] of]d &= saponin?} polysaccharide 2
flavonoid /J&ol 71%13l= AoZ dHA ot

C3H/HeN mice F=5d 719 thaAEdA 719 = F
Z=°| IL-6%F TNF A3 S/ 5 52 Hasislen

(Yoshida et al., 1997) &7] A5} E3t=|o]7] saponin A
Fo] Con AZ E43}E T lymphocytesell Al HIA| XL 43}t
o] Fagh cytokine FrHE X1 AXIthE A ERISHA
(Sun et al., 1996).
ATHORE ko8 ARGH R 719 A|aHi-ot 3 A
Aol polysaccharides W52 /MAAD 4 a0
Zlo] JFEIL = vE 7] AHEERH FEEox
oA 7F 743 Peyer’s patchE "IVHZE sl FFAIES] F2

[SIRS
AR

o)l
AT

< fFE=skal o]E°] EHISH= cytokineo] HAIAAAE &4
3t A2 4= Aok HIEAT} (Choi e al., 2014).

FE 7] AGE-2HE 345,000 Dad] BARFS 7HAH 3-
linked galactose TXE& 7|EFZHCSF 3} 3,6 branch
galactose®] G727t wEH o2 AZT o] I galactose’}

- DR - e -
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%)= arabino-3,6-galactan

Z5-38 oligosaccharide”} F-2t=Eo] =
S SHARIHAL B

et Aol olgo] Ay
(Lim et al., 2016).
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A FEEo o A% 14 5

AHgEE Zlol ohigt Al FHE s

2}

ghg-o]
A

u\)

]

Z]

2
= .

o

1.

k=)
& X oo
ox o

>,
N
rr
2

ok

[>
m
ol)
>
2
O
ot
)
12
2
_?l',
i)
et
2
i
Ac)
>
ob
i}
1o dlo me |o

A
=3k 250 =2 213k Thi/Th2 ¥]&2
oluz} dulele] W] 75l By
HWEsl W Alo|EY|d e vk
3l Th1/Th2 H] &S IEAIZ
AL uf$- a5}
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1. =SS

6 3o 7 == 3 nlo]Q A (Dachan Biolink
Co., Ltd., Eumseong, Korea)oll4] 2014d 59 22 A3}
o] SPF AFTEAU ARANA 25 2343TC, FUigsE
50 +£20%% A8l 2Fs W AblE AlAFlA ARSslH
Ao ARSI sEAES AdsE A+HS 58
o drtEg iy sEAEEE Y] S8 ol

[e) ol
YAt (UHE: 14-CRO-001).

2. 2| AEAR=5H O] Mz

37) (Astragalus membranaceus Bunge) A3 2 R g5
= AATEF7IAEH gl A= e 3 9 9]
(FH7NERE A st ARgsilen #1783 2013. 7.
21, A 2013, 11. 21) 7] AR 9 APdE-e] thdAlE
A7) ¢J8ke] Hao$t Wang (2010)0] AR WS W sl
ARE-SFAT

APFE- 1Tkgell dhsf 20 v F9]¢] S/TE F7HskaL 2 3
718 F&3+ 3 filter paper (No. 2, Whatman Co., Maidstone,
England)® J3} al3lom ozl §ate] A FE0] 1 4
7F 9 o7kx] 7HEE (N-1110S, EYELA Rikakikai Co.,
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Araf—=3)-8-DGal-(1 “Ja [~ 3)-B-D-Gal-1—1[ " 3)-B-D-Gal-1—"Ja {

s JHM0ll DIXI=

7| Ciexle =2t

oligosaccharide fraction I and II
chains released as AF-PS2-G2 and 3 / AF2-PS2-G1-2 and 3

6
AF3-PS2-Gl1-1-1

AF3-PS2-Gl-1-2

(6~f—1)-B-D-Gal-(6~Trs1)-B-D-Gal

Fig. 1. Polysaccharide fraction purified from the above-ground parts of Astragalus
membranaceus (AMA) containing gut mucosal immune active arabino 3,6-
galactans molecule, AMA-1-b-PS2 (Lim et al., 2016).

Ltd., Tokyo, Japan)st ¥ =% Fe] 5 Hl9] ofgbeS WA
3] A7FIAL 4T 37 Bt WRlste] IHAIFA o] 4C
olA 30 E7+ 7,000 ppmO 2 YA H|sle] Azt 1Az

geisen e Avisn 28 o4 51 A

7] AR oA B2 (AMA; 19.42¢, ‘I‘E; 1.942%)3}
%H A8 thgdA B3 (AMR; 6241 g, 8 6.241%)S
Y53t

7] AR A 23 (AMAYlE AEHe 45
ER™  arabino-3,6-galactan} ohgosacchandeﬂ Bl o7
TAH] = AMA-1-b-PS27} 0.13% FFO8 ¥8teE| o]

o] BE wl At} (Fig. 1, Lim er al., 2016).

3. &J| X7 A Koks il B+50
271 AV B AsHEe] HBAlE tdeE slo] 6 L9

Sprague-Dawley rats 5719 (E) Bl&sA9 (NE)O=
A 2 N AEE FAL ZF 2 4 70 A (8 AEd)
£ Tk ZF A+ 8 niEE AT
1.5ml 9] sterile normal saline (vehicleyFod<- (CO) -2 3}l
7] AR oA T (AMA)S ratd] AFo] Al
hamolytic acitivityS YERNA] A F=2 500 mgmlE
A2 E2 AL (Yang ef al., 2016) 7] A5H- u}wxﬂ
T (AMR)Y2 737Fo] Al A9 &35 Yell=
2 FE 10mgml & AFEs Yt (k& mAA).
FARZE 10mlkg S 7Fo R °]Z°]°ﬂ i A Ste] 30

[SIASS
o

A FQF sl 2-3 3] AT FAIAL TS RS A%
2 S8 (AEHHE Fol (SPD)Y vlwsgon A¥x=
o258 A A dejo|nE A JiE Fojolwkel gt
Al =8k
4. MS20| RSUM

AE FY F s HAF Ao AFSES tdeR o

o %50 HSBEE treadmill (PBC47700 treadmill device;
Coulbourn lnstruments, LLC., Holliston, MA, USA)S ©]&

gl 7 A F9F 15m/minlE 15 & &9 $5A1HeH (i
et al., 1991) treadmilll & Z7|E4AAE Falsie] &5 &

75

A&
A% ARG treadmﬂloﬂ AALE 10°E2 7]=0]2
ne 2 HFE FY3A st (Brooks and
White, 1978, At 0, &H19] °F 70-75% ==, Hdl O,
AHE AEFEC] treadmillolX] B o AT S 1S )
o] ARAAnH|F),

5. AIBSBOIAC] BHOts A
1) 9=7 ¥4
SEAG By He5AE (NE)2] 4 79 Mzl (Vehicle

Eo+ C, AMA 500mg/ml, AMR 10 mg/ml, =3 %
T, SPDYIA 5 HALE AAS AP FEAN dZTE
ekt

7 Aol A e fHESo] i

oz
w5

= Fa/deelAl Hank’s

balanced salt solution (HBSS, Sigma-Aldrich Co., St.
Louis, MO, USA)E #H7I8FY] rat®] H|AS HE3FL still
meshE BHA|A #83HE ME suspensions EAUL RBC

lysis buffer (Sigma-Aldrich Co., St. Louis, MO, USA)E
olgate] HITE AAsALH 7] THAl ammonium
chloride (0.8%, w/v)2 #2|3lo] erythrocyteS H-ajA|ZTH
Bzl NE FHES Y8 (380 x g, 4C, 10 min)at3]
3L PAH pellets PBS (phosphate buffer saline)@ 3 3] Al
A3} 1% penicillin-streptomycin (P/S, Gibco BRL, Grand
Island, NY, USA)3} 10% fetal bovine serum (FBS, Gibco
BRL, Grand Island, NY, USA)°] #7}€ DMEM (Gibco
BRL, Grand Island, NY, USA)YS ARE3sled 37C, 5% CO,
Z710 M 242t i eFsisitt.

2) CD4'/CD8"e] &4
10% FBSE 33t phosphate buffer saline (PBS) 100 m{
F 2 x100celle] 07 F{d v I phycoerythrine

CD4" (021 ¢ x10°cells, PharMingen, BD

Biosciences, San Diego, CA, USA).} biotin anti-rat CDS"

02158  x10°cells,

Diego, CA, USAYS 5 4<

anti-rat

PharMingen, BD Biosciences, San
H7¥8laL 4ColA 30 22k v st



OIAY - Olght - 02X - HidH - sMZE - FEId - ACH
A2 ™ sencondary antibody:= streptavidin  fluorescein a9 =k
isothiocyanate (FITC, Becton Dickinson, Franklin Lakes,
NJ, USA) T streptavidin phycoerythrineZ % 713} t}. 1. 28S2 sHIRSs & CD4*, CD8™Q| M=ol tist
vk FZFE oAl 10% FBS (fetal bovine serum, 7| X[o}2 Y X2k CIEAIQ] oisk
Sigma-Aldrich Co., St. Louis, MO, USAy’} ¥-+%¥ PBSZ TAZ= AW E3lagolr CD4EAe} CDSEAe] %
A7kt 300 x gollA] 5 27 3 ¥ dalwesiial dAE 9 % 55 UEshs ol5YA (double positive) Al2E7F =R 7

V= 2% paraformaldehyde® T PAZ o GAE P=Z
9] subsetZ flow cytometry (FACScan, Becton, Dickinson
and Co., Franklin Lakes, NJ, USA)Z =73}%]

3) A @ AYFE PZTFoIAY cytokine (IL-2, IL-
4, IFN-y) 3% 2 Th1/Th2 balance 3%

zt Ael2e] dYsete EolE v gZ 24 well
platecll A ZFzE 2 x 10%cells/mé & B3} 3FF H®= F-2RA|
Zl Y% lymphocyte®] mitogen concanavalin A (Con A;
5 pg/ml, Sigma-Aldrich Co., St. Louis, MO, USA)E A Z]
3 3} PBSE AE3t & (normal) o2 o] 37T 72
AIZF 9hg- A1ZTE. Normal 319t Con AXE] AEiE Uro]
v fJz7h EHSRE IFN-y, IL-2 2 IL-45 rat ELISA
kits ©]-&ste] S sI3lrt.

IL-22 QuantikineTM Mouse IL-2 ELISA kit (R&D
Systems Inc., Minneapolis, MN, USA), IL-42 QuantikineTM
Mouse IL-4 ELISA kit (R&D Systems Inc.,, Minneapolis,
MN, USA), IFN-y= OptEIATM Rat IFN-g kits (R&D
Systems Inc., Minneapolis, MN, USA)S ©]&3}At. z+
cytokineell tigt =& A7 F2E 96 wells microplate
o] 7t wellell A& 3|14 o 50 b A& FF3HaL AE 50 14
AE Astate] A2olA] 2 AIZE 5t MRS AlEE- ¢k
Fdoz 5 AH3 T horseradish peroxidase’t g2 &
A 100 8-S A3pste] ThA] Aol x 2 AIZF 51 A&
o AlFg d5Ho=z 5 0 HIHS T hydrogen peroxide®}t
tetramethylbenzidine®] X3 7| 2H 100 2] & A3slste] A
204 30 & B WS F stop?] 10044 2 7FSIST)

Optical ~ density=  microplate reader ~(Model 550
microplate reader, Bio-Rad, Hercules, CA, USA)S ©]&3}]
450 nm oA =439t} Th1/Th2 balance= IFN-y % I1L-42]
oA HER S48k Hlaskith

6. SHIXel

RE AAAEL HR| £ AR} (means + SD)E LUE}
wWlom 7zt Add: 7] FAISH w42 Statistical Analysis
System (SAS 9.2, SAS Institute Inc., Cary, NC, USA)S
©]8-3l>] One-way analysis of variance (ANOVA)YS A3t
% Duncan's Multiple Range Test (DMRT)S 53l 94
p<0.05, p<0.01, p<0.0012] F<Fol|r Ztz} HZS3IAT

76

84 (T cell receptor, TCR)S W33 & FA
oo Bddts 8 27 AR HFA (major
histocompatibility complex, MHC)?ll 2314 classll #A} A
Al &dol] "F-S3h= helper THIE (Th cell)9} classl #4} A|
Al &l WkS-E= (cytotoxic TAIE, Te cel)Z Al =
<o 9RESEA] Kgk M e AR 0] e AlEE of
FEA L (apoptosis)ol]l o3l AFEETE (Mosmann er al,
1986). olul] ThHIEZE CD4AE, TeHEE CD8YEARe] T Y
AJ (single positive) A|3E7} H o},

Hes] ThE cytokines Aaksh= TAHIES] 2 7)e] CD4' T
helper A3} CD8" T cytotoxic Ao o]Eo] AYrksh=
cytokine®] profiled]] W Type 1 T HZF (Th1)9} type 2
T "ZF (Th2)Z o] It} (Abbas ef al., 2012).

B AT &7 (dstragalus membranaceus Bunge) A7

2 At g3AE FoIdk A=A s & 4
€ HPgellxe] CD4, CD8'e] AEFE HA AL 71E &
2559 v|wek A3} CD4™Y] 79 vehicle FoIollA H]
SAEZ 193%S oo HER v AN =
16.1%= 23kl CD8™e] Af-olM e v FALol
15.1%, +-5A1E°] 8.8%= 43| adte 43S Uei
T} (Table 1). o]gt A= FA4S HeF o]F A H=
T-9] subtypes ZAFSt] & A3 CD8'9] M EF7F w43]
ZHso)Ath= A7 (Kwon ef al., 2008)2} F-AFEIAT.

W 7] AP oA ol 9 7] A oA
SEAE B H@EAE RFolA CD4', CD8’
EZFE FTUAHSH E3S] vehicle TN &5 *
F43] ZAs9E CD8™Y MEFE &2 522 FAA]
£ Z24E JeERSItE CD47/CDS" ratio2] 7% vehicle
oM Hl2E Al oF 1.339] Hl&-S YER v 5 ol
A 5 FolE 1.86°02 F7HSIAT} (Table 1).
vz =3 &g A T helper cells (CD4YY
suppressor T cells (CD8") ratio?} &2 J&ATAE HaL
B3 (Verde et al., 1992)¢} Hlw3R= 7% vehicle o2
735 250 ol FA% WY AsE vepll= v 7] A

4oy

kY

o K

A

AR OEA R B 3] A oA Folwte] 79 v
S5 AldlE CD4'/CD8' ratio’} 2H2+ 1.06, 1.18, &% o|%
o= 1.14, 1.08% UERo] B] &5 Az &5 o]Fdd=

cytotoxic T lymphocyte (CD8)Z9] #3}5 ZFXIA]A CD§*
A F2 Ze 24 CD4'/CDS’ ratio?] 7H4AlA WEE
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Table 1. Effect of polysaccharide from aboveground part (AMA)
and root (AMR) in Astragalus membranceus on ratio of
lymphocytes population presenting CD4*, CD8" and
CD4*/CD8" in splenocytes from endurance exhaustive
exercised Sprague-Dawley rat.

Groups CD4* (%) CD8*(%) CD4*/CD8*
NE-C  19.3%2.1* 15.1%0.6* 1.33%0.11°

Non- NE-AMA  20.9+1.7° 19.4+0.6" 1.06+0.15
exercise  NE-AMR  23.6+1.3" 19.9+0.5" 1.18+0.19%
NE-SPD  18.8%1.1* 14.6=1.3* 1.29+0.13"

E-C 16.1+0.8° 8.8=0.4 1.86=0.09°

Exhaustive E-AMA 23603 21.5+1.1° 1.14%0.12°
exercise  E-AMR  25.5+0.8° 24.6+0.5% 1.08+0.10°
E-SPD  15.6=0.4* 12.1+0.8" 1.34%0.04"

Eight rats were observed and tested for each group during the
experimental period. Mean values = SD from triplicate separated
experiments are shown. *Value marked by different letters in each
column are significantly different by Duncan’s Multiple Range Test (p
< 0.05) compared the non-exercise (NE-C) or exercise vehicle group
(E-C.
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=A] = =i}

- 2 tumor necrosis factor®] AJ4HS
X7 dRbERl AQAEel| JS Frie HaE A Q)

=2] ZZ1, interleukin-6
%
™} (Yoshida et al., 1997).
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AE FJEBAZ F YL B3I Yo} (Chu er al., 1988;

Jin et al., 1995).
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normal e = T celle] ¥ ZXEZC Con AS A
she A9olM = FABHAl YERTE (Fig. 2).
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Z} (Gholamnezhad et al., 2014)9} SAF3IATH
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Fig. 2. Effect of polysaccharide isolated from aboveground
part (AMA) and root (AMR) of Astragalus
membranceus on level of interleukin (IL)-4

concentrations in spleens of endurance exhaustive
exercised Sprague-Dawley rat. Eight rats were
observed and tested for each group during the
experimental period. Mean values = SD from
triplicate separated experiments are shown. Values
with an asterisk above the bar are 5|gn|f|cantly
different by Duncan’s Multiple Range Test (*p < 0.0T,
**ﬁ <0.05) compared the non-exercise or exercise
vehicle group.

Aefoll A 2.76 pg/ml & YERH] vehicle Foi-9] 1L-49] &
= 1.98 pg/ml Bt} F7kele S YEIT (Fig. 2).
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Fig. 3. Effect of polysaccharide isolated from aboveground

part (AMA) and root (AMR) of Astragalus
membranceus on level of interferon gamma (IFN-y)
concentrations in spleens of endurance exhaustive
exercised Sprague-Dawley rat. Eight rats were
observed and tested for each group during the
experimental period. Mean values = SD from triplicate
separated experiments are shown. Values with an
asterisk above the bar are significantly different by
Duncan's Multiple Range Test (*p <0.01, **p < 0.05)
compared the non-exercise or exercise vehicle group.

o] 258.6 pg/ml 2 vehicle T 57.8 pgmb Hu} E=A|
YEREIL Con A *|2] A] vehicle Fw0] 141.3 pg/ml 21|
Hhate] 37] ZPFR ohdA FoIte] 739 3429 pgmb = =
Al e (Fig. 3).
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