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Separation, purification and immunomodulatory activity of polysaccharides from
Rubus sachalinensis

LIU Bei-nv, ZHANG Ping, WU Ying-xiang, SU Ri-na, ZHAO Hong-mei, BAO Bao-quan
College of Pharmacy, Inner Mongolia Medical University, Hohhot 010110, China

Abstract: Objective To extract, separate and purify homogeneous polysaccharides from Rubus sachalinensis and study on
monosaccharide component and immunomodulatory activity. Methods The crude polysaccharides of Rubus sachalinensis (RSP)
were extracted by hot water. The Cellulose DE-52 and Sephadex G-100 columns were used to separate and purify homogeneous
polysaccharides. The relative molecular mass was analyzed by high-performance gel permeation chromatography, and the
monosaccharide composition and structure were preliminarily identified by GC, IR and NMR. The effects on proliferation function
of mice spleen lymphocyte proliferation were determined by CCK-8, and the effects on the release capacity of IL-2, IFN-y and
TNF-a were determined by the ELISA kit. Results Two homogeneous polysaccharides, RSP1-1 and RSP1-2, were separated and
purified, with molecular weights of 13 227 and 9 343 determined by HPGPC. They mainly contained arabinose, mannose, glucose
and galactose, with the mole ratios at 9.5 2 7.0 2 10.3 : 18.6 and 5.7 © 11.1 : 10.3 © 14.2, respectively. The structure of RSP1-1and
RSP1-2 was analyzed by IR and NMR, and RSP1-1 might mainly contain a-1,3-Ara, $-1,4Gal, -1,6-Glc, B-1,3-Man, and RSP1-2
might mainly contain B-1,4-Gal, B-1,6-Glc, p-1,3-Man. At 5—200 pg/mL, RSP1-land RSP1-2 stimulated proliferation of spleen
lymphocytes (P < 0.05) and promoted lymphocytes to secrete IFN-y and TNF-a. At 5 pg/mL, RSP1-land RSP1-2 promoted
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lymphocytes to secrete IL-2. Conclusion RSP1-land RSP1-2 are natural homogeneous polysaccharides that are obtained from

this plants for the first time. Its purity and structure were further characterized by IR and NMR. These two homogeneous

polysaccharides promoted the proliferation of splenic lymphocyte in different degrees and promoted lymphocytes to secrete 1L-2,

IFN-y and TNF-o that all possessing immunomodulating activity.

Key words: traditional Mongolian medicine; Rubus sachalinensis Lévl.; specific chromatogram; natural polysaccharide; isolation and

purification; monosaccharide component; immunomodulatory activity
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1 #RI5EE
1.1 #8

BHTART 2015 45 10 HRE W2l 7RI 58
Foh, FEME ORI AR T8
TEY) E TR F Rubus Sachalinensis Lévl. 25,

{E# 5K BALB/C i, SPF Uit/ N, 1A= (20+
2) g, MTAZRGERKRZIHL, AHIESHN
SCXK () 2015-0001,

D-JC 7K ] & FE AR ME B (CAS 50-99-7, #it5
110833-201506, JFi &5 40>98%, H [E & &2 e
EMFABE); L-fZFE (Rha, #it'5 MAYA-CR-51,
JRE B >98% ) . L-Fil Fi A CAra, fit5
MAYA-CR-5134, Jii & 73 41>98.5%) D- K ¥ (Xyl,
IS MAYA-CR-7634, i 73 40>99%) . D-H & hk
(Man, fit'5 MAYA-CR-1648, Jii &5 %0>99%).
D-F-FUBE (Gal, #it'S MAYA-CR-5683, JiifE %>
99%). D-tZHE# (Rib, #L'5 MAYA-CR-1950, Jifi&
I3 H0>99%) L- 54 (Fuc, #it'5 MAYA-CR-7722,
R >98%) BT AR A A 4R
Cellulose DE-52 (3£[F Whatman /A7) ); i S bkt

J&& Sephadex G-100 (¥t Pharmacia /A W] ); i S M
FRUESH[T5.8. T22.8. T100. T380. T788, ktiKis
#EEE (GPC) pAfrbriE] T Sigma AR &M
487 000~12 000 ( FHEHEEDREARAFD;
#HK (D,0, Cambridge Isotope Laboratories Inc);
JIEE A (ConA, [ Sigma AF]D; KEAILIE.
RPMI-1640 15723 (FBS), £[EH Gibco A F]; /MR
AR B GERPAEIEARARARD: (&
Gibco A F]); Cell Counting Kit-8 (CCK-8) i
& CHARFRA TR /N BUIEIRIER F (TNF-a)
ELISA Kl 71 &/ R A 4l A 22 -2(1IL-2)ELISA
W& AN y T4 E (IFN-y) ELISA il ik
A& CERPNEDEARERAFD: 96 fLAMNEFF
R (3£ Coning AW]); BEERNT (HEZEMAL A
TG IRATR]D; EhEEN CHN T TARAFD;
JULEE GERPNAL TR BR A mibmE COREETT KR
BRIy U ORBK SRS TH R AFD;
KWy QUSkTIaREAL T HRAFD; Wi (K
AKBAEAML THIRATD); = LB (TFA). KL
B, LB CREEEAR R IERE R0 D &
Al ORISR D, 2K o tat.
1.2 X5

Waters 2410 /=5 30 A 154X, Waters 2410 7~
ZH R IES, Empower tail T/ERGACEE SR (36
Waters /A ] ); GC-2014C ARG (H A B
HIRATD; TDZ5-WS B i & 08l G R Ff 7G4
WALRHIRAF]D; UVmini-1280 LA 6 B
TH. B IRAffinity-1 B8 B AR 2T 464 (H
Ay EAF]D; Telstar IyoQuest-85 ¥ T-HL (db 5 1H
= BRI AXAR A PR A A )5 Bruker AVANCE 111600
MHz # S AZ i 3 4R X (Bruker A %]); AB135-S
FRF (d=0.01 mg, Fiit: Metter Toledo A F]);
TR AN S R4S (SE[E Heal-Force A a]); [
B A A A . SW-CJ-2FD #if T1F G (£H
Thermo A #]); DFC450C {3 B AHZ B (£H
Leica A &)
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2 HE 7mg, M 1 mL PRI, 1L 0.45 pm il

21 EHMFARZHE (RSP) HIIEEL

VR FARTRZR, M, o 40 Hif. &
B FARMARE R, #RREE 1030, KERIEE 3
W, BRHR 2 h, JERIRYE, N CEVUE (B
80%), BS.Lro YIVEMKIKHTCIK LBE TRHR 737
Yok Ja MIUTHE FH 208K 2, Sevage &AL,
ZIBKIENT 36 h, IENTRIKRYERT, 19 RSP.
2.2 RSP 8 Cellulose DE-52 B F 3 #fui fa it

Cellulose DE-52 & ¥ 2 #fE (60 cmX2.5 cm),
S FA B 47K~ 24 ho HERHFREL 100 mg RSP ¥ T
10 mL BI#B4EKH, 4 000 r/min &5 15 min /5B |
TEW A . AR AEEZEK . 0.1 & 0.2 mol/L /] NaCl
W, LA 2.0 mL/min PRFR SR GENL, F E 3hE 5
W RS IcAE, B ICE 6 mL. KMy -TREVE R A
ML RSP (Bt i, CLAE 4 5 AEAs s, ot
JE (A YRR e i 2 o AR DU ) 45
HIZ PR, HASWRYE S Z8KENT 36 h,
VTl FE1HE] 3 /4% RSP1~RSP3.
2.3 RSP1 & Sephadex G-100 £EfHE & il

Sephadex G-100 #¢/kif: (80 ecm>X 1.6 cm), H
FRAl K T7 24 ho FREX 30 mg ) RSP1 & T 2 mL
MLk, 045 um ALIERR S FAE. FAESS
R 2K PN, HeliE 24 0.3 mL/min, H H3)#
SRR, EIEE 3 mL, ZRM)-BRER A ERER
KL RSP [BE LB B, LA 4 5 AL bR, 4
RNYPAEARE I VE I £k . UEE A IR L hElE, BT
AT 433 2 /> 2P RSP1-1 #1 RSP1-2.
2.4 RSP1-1 %0 RSP1-2 B9z L "
2.4.1 HPGPC i ¢t KM Waters 2410 = 20K
FHEETEA, it Ultrahydrogel 500 (300 mm X 7.8
mm). Ultrahydrogel 250 (300 mmX 7.8 mm) & ¥X,
HERHTEFE (100~1X 10°), LABEHER £h 22 A0 (pH 4.5)
NS Ve, AR 0.9 mL/min, A 45
‘C, HFERE 20 uL.

242 bRiEMZeRed] Rl FREBUENT 2 BN
5800. 22800 100000 380 000. 788 000 FjHxi
BRERES 7 mg, 1 mL ZEMIE TR S AR VAR,
i “2.417 BUR GRS ARERE, DUREERT ] ()
RREARR (XD, XS4 7 5 B R BUE S A A bR
(YD, lbnikah gk, i Ar e i 26 F SRE A I 2

BIREXS 4> T i

2.4.3 FERM4EEENE  FRELRSP1-1 A1 RSP1-2 %

FLUENE, 4% “2.4.17 TR, dRAREEI A, R A
FruE 215 RSP1-1 A RSP1-2 HIAHNF 2> 15 &
2.4.4 KIS K RSP1-1 A1 RSP1-2 Ao il ik
1 mg/mL WA, CAZEUE/KIE RS AR, SRAho
S THLE 200~800 nm HEAT 4K
2.5 GCEHHEasEaK™”
251 FREERBERIATAEMN EURZERE. BIARE. B
PO HEEpE. AP, GPRURE. N, RS
FRUEFME 10.0 mg, FEEMoE, BERERE T,
A 10.0 mg BRI 5.0 mg FINLEE & 0.7 mL 1)
meme, RAEEE, T 90 C/KM XM 30 min,
WA R R, B THAMORE 0.5mL, ®AE
HE, T 90 CARBH I 30 min, £f LR
SERE, R T, RS 1 mL Bk, B
1.0 uL.
2.5.2 RSP1-1HIRSP1-2 7K fEFfTAEAL  HURSPI-1
FIRSP1-2 % 15.0 mg, fE&EHE, BHAEZEREF,
A 2.0 mol/L =488 2.0 mL, $£2), 110 CHLFET
KRR 6 h, JRIETHE 4% “2.5.17 TR ARk R4
I KR =T A, JERE 1.0 uL
253 SAMEE (GC) K&t @ikl
PEG-20M E41% A J94E (30 mmX0.25 mm, 0.25
um); FEFFHEY 180 C (ff%F 2 min), EL 10 “C/min
TFZ 230 'C (f#3F 40 min); FEREIEE 230 °C, 4
WEE 1110, BAEZE N, ABUAE 2 mL/min, &
ST E 40 mL/min, 255 AR & 400 mL/min;
SIBE TR EE, FID Ryl 28i5 5 230 °C;
FEE 1 pLo
2.6 LISMRIER IR

U Z BEFE A 2 mg 5409 KBr #5 K 100 mg 78
HIEF, ANGEAXAE 4 000~400 cm ™' 94, T3t
AW AL
2.7 ¥EEHEIRS

EURESS RSP1-1 F1 RSP1-2 4120 mg, £ D,0 %8
# 3 )5, %T 0.5mL DO 1, H Bruker AVANCE III
600 MHz ## S BILIRICNE 1D-NMR ('H- 1
BC-NMR) #1 2D-NMR (HSQC. 'H-'H COSY K&
HMBC), ifiid HSQC %} C-H #4714 &, '"H-"H COSY
TR R 42, HMBC i B 13E 7 .
2.8 RSP1-1 #1 RSP1-2 L #EXFH K R IETHRERY
A1)

2.8.1 4AZFEMECH]  KF RSP1-1 A1 RSP1-2 FR5E i
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HGARAE PBS 1, BCH R EIRE 50.0 mg/mL
(6%, ) RPMI 1640 3575 LM B B Bk A
200. 40. 5 pg/mL FIVEW, #%H.
2.82 /DRI GE A B A U Ak TN
R, 75%HREIR I, OB SR T O R
TN 4~5 mL Mouse 1 X #REE4H i 5> B3, 0,
200 HBMpE . 7 RPEES A RRIBR A e Y 2 2
W EELEF, B 500~1 000 uL RPMI 1640
R 9%3E, 2 000 r/min 250 30 min, WEUHKE A RE,
NN 10 mL RPMI 1640 £57%3%, BBEHREE, 1000
r/min B0 10 min, {8 E 3w, dosEgn o, A
£ 10% FBS [ RPMI 1640 5% 77 3% 5 2 itk 2 40 o,
M & iE gt 5, HAMRETE KT 95%. 4
WRPEEEA 5X 10%mL, & FH .
2.83 /DN RIEE S fF “2.8.27 TUR
R A PRI 96 FLANPRESFRMR, BFL 100
ulo S ZH A AN 100 pL £8 5 &3 N 2004 40
5 pg/mL FIRFI 2590, BHEXSREZE NN 100 pL 2450
BN 2.5 pg/mL ) ConA, BAIERTBLLIOA 100
puL RPMI 1640 £57#3E, LA 200 pL RPMI 1640 1555
FNT AR, B 5% CO, B34 37 CHi% 48 h
Ja, LI 20 uL CCK-8 iAW, B 5% CO, {3
Farh 37 CM 4 h, BEARACRTN 450 nm AbWI5E A
fH. AR AT EM ARG E 2.

K ELET B B 5 2R = (45— Ab)/(Ac— Ab)
As FSEHAL A1 Ac RATIRFL A M Ab AFATLA M
2.8.4 ELISA iEFGI IL-2 . IFN-y f1 TNF-a /K°F K
“2.8. 27T R ibk AN BRI N 96 FLANBE FRAR
4L 100 pLo SEHRHEFFLINA 100 pL 2J51 8K
9 200 40, 5 pg/mL BIFRFIIZY, FIPEXREZL A

40 A RSP2 0.5
35 —— 2
: ~+NaCl ¥ &
04 —~
3.0 2
g 23 03 E
< 20 =
1.5 02 ¥
g
1.0 ol 2
0.5

0 : .
0 10 20 30 40 50 60 70 80

HH

100 uL RPMI 1640 5773, BA 200 uL RPMI 1640 17
FIENZT AKX B 5% CO, B 9747 37 CHs97 48 h
J&, 2000 r/min 4 CEL> 10 min, YedE B &
8 TL-2 IFN-y Fll TNF-o #0307 S0k B P 1 77 vk,
a7 R | PSR N
285 SGiitbE SIAE R Y s Ron, B
SPSS 16.0 #EATHHE AL, £m 1) 2 7 Gt Ak
FHRZE 7 Z 581 (one-way ANOVA) .
3 #£R
3.1 ZREMSBEAK

BT AR AREKIREUTER I 2 0, IR
2.2%. 4 Cellulose DE-52 214k 55 A5 ikt 7r 5545
#| RSP1~RSP3., RSP1 il Sephadex G-100 & i
4y B515 5] RSP1-1 A1 RSP1-2 AHX 43 T Ji 20 A 3 —
r2 A28, W L.
32 4ELTESHEMSFREMNE

# RSP1-1 F1 RSP1-2 435 7E 200~800 nm 3 £
PG, KB 200 nm PEKIEA 1 ANERFR
W, THTE 260, 280 nm i K AbIAITE B B g,
RPN HAS IR E AR 54 0", 458 0K 2.

RSP1-1 #1 RSP1-2 & i bt e 157 o i 45 e 4l
g, BRI —XRR, BB Z BRI AR
B—, WHE 3. RAEArfEIZE log M,=-0.295 66+
9214 9 (4=0.998 2). RSP1-1 fJELIFHXS 4> F
B (M) N 13 294, HUHHX - FhiE (M) AN
11 494, ZrHuest (MM, N 1.15; RSP1-2 [
My, 99343, M,N 8598, M,/M,J31.08.
3.3 RSP1-1 #1 RSP1-2 B #EA K D47

AR BB A 5 R0 22 B R o €8 0 T ) s 0
B 0], K VR B BB AR T it 1 SR s P % (1 4-B)
1.6 1B
1.4
1.2 4
1.0 4
0.8 -
0.6 -
0.4 -

0.2
0

RSPI1-1

RSPI1-1

Aago

2430 36 42 48

0 6 12 18

A-Cellulose DE-52 £F4E % 8 720 ik iy B-Sephadex G-100 A fiw i tail
A-Elution curve of RSP on Cellulose DE-52 column B-Elution curve of RSP1 on Sephadex G-100 column

1 BHFAZENEGEELE

Fig. 1 Column chromatography of polysaccharide of Rubus Sachalinensis
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Fig.2 UV spectrum of RSP1-1 and RSP1-2 polysaccharide fraction
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Fig. 3 HPGPC chromatogram of RSP1-1 and RSP1-2
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A BAIRAPRE BT AR C-RSPI-1 KAR™
VIRIBERE ZIEBE AT A G D-RSP1-2 JK ™M R I
CFERRATA A AR 1R 20 3-SR 4-PThL
Al S-AKE o HrFERE T-HIERE  8-LEE  9-LRE

A-blank B-GC chromatogram of mixed standard monosaccharides
C-GC chromatogram of RSPS1-1 D-GC chromatogram of RSPS1-2
2-ribose  3-fucose  4-arabinose

1-rhamnose 5-xylose  6-

mannose 7-glucose 8-galactose 9-inositol
4 RSP1-1 #1 RSP1-2 BEARN ST SIAEIEE
Fig. 4 GC chromatogram of RSP1-1 and RSP1-2

FZPE RSP1-1. RSP1-2 /KFEF=WIHIRERG £ BERERT
WS AR IR RS (& 4-C. 4-D) ATHN, %

SE HAH R SRR . UIURE A bR, SR AR RS
IER T 2 B s R L, 2l
9 RSP1-1(9.5: 7.0 : 10.3 : 18.6) 1 RSP1-2(5.7 :
11.1: 103 : 14.2).
34 LAMRIES T

FT-IR % RSP1-1 #Il RSP1-2 HIFRAE G H £ bl
(it L AR (B 5D, #E 3 600~3 200 cm '3 000~
2800 cm ' 11 400~1 200 cm™ ' HHE 1 4R AL R U
i1 RSP1-1. RSP1-2 141 AN Wi e 43 55 72
338931, 3389.31 cm™ ' &bj&— & M Hm AW i, Hh
O-H MR 4EHRENE i, WIAAFIES T 2 FIIE
i, 294542, 2951.18 cmn ' AbJE— 9 MR I,
C-H 4R ENIER: 1642.364 1653.91 cm ' /&
FARGEARS); 1414.50. 1423.16 cm ™' HBIAIE S C-H
(28 RSN RSP1-1 1) 1 146.27. 1082.82. 1042.44
cm ' AT RSP1-2 f] 1 152.04. 1 079.94. 1 042.44 cm™'
& HMEH B C-0-C W 4RIRzhIE; 7£ 892.40.898.23
em” AT ISR R T A AR B-REERRE
3.5 #mgALIRmRARC
3.5.1 RSPI-1 5K  7F "TH-NMR (500 MHz,
D,0) 1 5y 5.03 4.58. 4.46. 4.69 735 A BT FiAH 4 |
PFURE A O B RS S, R on32~
4.2 A FESE S BC-NMR (125 MHz, D,0)
1 5c 107.9. 104.6. 103.2. 100.4 73 B AR HiAFTHE
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FFURE A Bk (E T, o 60.90 9
FUBEE LA RIS 55 oc 65~85 Jybli LI HI R
55 . @i HSQC #Ex a5 53T a8 . Wk 1.
'H-"H COSY #th 6y 4.58 5 6y 3.62 #H%, oy
4.11 5 6y 3.71. 3.65 MK, 4358708 Hi-Hys
H;-Hy 1 Hy-Hs FIFHR1E 5 . HMBC it 2 7 bl i
5 oy 458 (Gal-H-1) 5 6c 734 (Gal-C-3). 74.7
(Gal-C-5) # %, oy 3.76 (Gal-H-6) 5 oc 74.7

(Gal-C-5). 77.7 (Gal-C-4) #H3%, ARG
SEAIAAL; 044.58 (Gal-H-1) 5 ¢ 77.7 (Gal-C-4)
FHK, On 4.11 (Gal-H-4) 5 ¢ 104.3 (Gal-C-1) #H%,
KL 1,4 EH, HTWEEES oy 4.58
(Gal-H-1), HEUE/NT 5, HMIHLATEEN B L.
B R S HE 12 2 0 A LR R A, T
N B-1,4-Gal,

'H-"H COSY i1 oy 5.03 5 oy 4.07 H1K, oy

e /‘x/ﬂ\ RSPI-1 RSPI1-2
\‘ / VA A\
n /‘ J
& /\/ v \ 892.46\., ‘
|| 1 642 36 \/\/ ) { 765.56, M
D 945.42 1 72518/ [
\ /2 1414, 51 1 54348 1653.91 lw
589.62 702.10
1423.16
\ | \ 1371.2 64442553 55
\ { \ 632.88
V/ U 1152.0 042.44
I S 1 082. 821042 44 S ) N I 7L X7 S o
3600 2 800 2000 1 600 1200 300 400 3600 2 800 2000 1 600 1200 300 400
viem™! viem™!
5 RSP1-1 1 RSP1-2 I 5] EliE
Fig. 5 FT-IR spectrum of RSP1-1 and RSP1-2 polysaccharide fraction
%1 RSPI1-1 1 RSP1-2 8 NMR {5238
Table 1 'H- and *C-NMR data of RSP1-1 and RSP1-2
R H-1/C-1 H-2/C-2 H-3/C-3 H-4/C-4 H-5a, 5b/C-5 H-6a, 6b/C-6
RSP1-1 B-1,4-Gal 4.58/104.6 3.62/72.0 3.71/73.4 4.11/77.7 3.65/74.7 3.76, 3.66/60.9
o-1,3-Ara 5.03/107.9 4.07/81.1 4.15/82.4 3.68/73.1 3.82,3.74/66.5 —
B-1,3-Man 4.69/100.4 3.64/71.6 4.06/70.2 — 3.96/76.7 —
B-1,3-Glc 4.46/103.2 3.60/71.8 3.60/77.5 — — —
RSP1-2 B-1,4-Gal 4.56/104.7 3.61/72.0 3.71/73.5 4.10/77.8 3.64/74.7 3.74, 3.62/60.9
B-1,3-Man 4.69/100.4 3.61/71.5 4.08/70.2 3.71/69.7 3.76/76.6 3.58, 3.54/60.7
B-1,3-Glc 4.45/102.5 3.59/71.2 3.58/77.8 — — —

4.07 5 6y 4.15 F15%, 04 4.15 5 5y 3.68 H3%, oy 3.68
55 04 3.82 #15%, 0y 3.68 5 oy 3.74 M, 435 B
A4 Hi-Haw Ho-Hs Hi-Hyv Ha-Hsyn Ha-Hs, HIAH
KAZ T . HMBC 18 H i 47 A 4 9 5 Oy 5.03 (Ara-H-1)
5 ¢ 81.1 (Ara-C-2). 82.4 (Ara-C-3). 66.5 (Ara-C-5)
5%, on 3.82 (Ara-H-5) 5 6c 107.9 (Ara-C-1). 82.4
(Ara-C-3) A%, oy 3.82 (Ara-H-2) 5 oc 73. 13
(Ara-C-4) fHG, iRt BAESHXE S, ©

BRI RAAMEIR . 0y 5.03 (Ara-H-1) 5 oc 82.4
(Ara-C-3) FHIRAS SRR, HEW ] §E A B+ A0 B% 1
1,3 4. HTimElES 0u5.03 (Ara-H-1), HEH
KT 5, HENFATREN o MBS W R % %
PESABTRAAREREE, FHOER 70N 0-1,3-Ara.

'H-"H COSY i oy 4.69 5 oy 3.64 FHE, N
H &R H-Hy FAHRME 5 . HMBC 3% i H 28 b i Jik
oy 4.69 (Man-H-1) 5 Jc 71.6 (Man-C-2). 70.2
(Man-C-3). 76.7 (Man-C-5) #H>%, dy 4.06 (Man-H-3)
5 ¢ 71.69 (Man-C-2). 76.74 (Man-C-5) 3%, H
THAMRETESR, C 5 Co RAeMEFE. 1
=R S RAE S, RIREBNH B . o
469 (Man-H-1) 5 ¢ 70.2 (Man-C-3) HK(E5IE
s, AEMIRTRE N BEREN 1,3 ER. BT umEAs
5 0y 4.69 Man-H-1), HEE/NT 5, HEWHEATHE
N B R o W AR RS I % 2 W A R R
Hik:77 AN B-1,3-Man.

'H-'"H COSY &t 6y 4.46 5 9y 3.60 FHK, A
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HIEE Hi-Hy MAHRAES . HMBC G455 oy
4.46 (Gle-H-1) 5 6¢ 77.5 (Gle-C-3) HHF=ES, i
MIRTRE NI A RN 1,3 8. T HMBC 3 A8 4
R 1) At e A D5 5 0/ HL 2 3812 U R AR ¢
G5, Bk e HAWE S TR A E . BT
I HEEAE S 0n 4.46 (Gle-H-1), HEUE/NT 5, el
ATREN B ATY . W AL RS HE DU 2% 2 W 2 A R A R ok
B, HaERT7 0N B-1,3-Gle.
3.5.2 RSPI-2 IZ5#fENT  7F "TH-NMR (500 MHz,
D,0) ' Oy 4.56 4.45. 4.69 4y HIAEFUNE. A4
WK H e R A S, HAR oy 3.20~4.20 FHHIE
Sk FEES; BC-NMR (125 MHz, D,0) 1 &¢
104.7. 102.5. 100.4 7375005, #I% 0 & H &R
PESESLBRIE 5, oc 60.9 M- fLbE T F L& S R M5
5y Oc 65.0~85.0 NFE LIRHREEEKG Y. i
HSQC X i E 5 5T A8 . Wk 1.

'H-"H COSY it 6y 4.56 5 6y 3.61 HHK, oy
3.61 565 3.71 #K, 6y 3.71 5 6y 4.10, 43N
FBE H,-Hy Hy-Hy A1 Ha-Hy (A5 5 - HMBC i
W2 L OBE O L Oy 4.56 (Gal-H-1) 5 ¢ 72.0
(Gal-C-2). 73.5 (Gal-C-3). 74.7 (Gal-C-5) #H3%, 6y3.74
(Gal-H-6) 5 6c 74.7 (Gal-C-5). 77.8 (Gal-C-4) #H%,
B FURERZ S 5 e A2 VAAL; oy 4.56 (Gal-H-1)
5 6c 77.8 (Gal-C-4) #HK, oy 4.10 (Gal-H-4) 5 ¢
104.7 (Gal-C-1) #H3K, KUIILFEN 1,4 R H
TIRHEELE S 6y 4.56 (Gal-H-1), HE(E/NT 5, HE
MILTTRE N B HIBL . e e R VA 1% 2 5
FURE SRS, HiEH T AN B-1,4-Gal.

'H-"H COSY it 6y 4.69 5 oy 3.61 #H%, dy
3.61 5 oy 4.08 #5%, RN H EEHE Hi-How Hi-Ha
M %45 5 o HMBC 1 o H 55 8 ot 3 oy 4.69
(Man-H-1) 5 6¢ 71.5 (Man-C-2). 70.2 (Man-C-3).
76.6 (Man-C-5) #H5%, oy 4.08 (Man-H-3) 5 6¢ 100.4
(Man-C-1). 71.5 (Man-C-2). 76.6 (Man-C-5) #H%,
du 3.76 (Man-H-5) 5 o6c 69.7 (Man-C-4). 60.7
(Man-C-6) #7%. R FEMFESHAES, bk
WIERENH BRI, 6y 4.69 Man-H-1) 5 6c 70.2
(Man-C-3) fHR(E 5 1R, oy 4.08 (Man-H-3) 5 ¢
100.4 (Man-C-1) WAAHIK, HEW ] HE N H 5281
1,3 &8, BT imEE S5 on 4.69 Man-H-1), HAL
E/ANT S, HEMFRTREN B A AL Wi b A R v HE
ZE WA H BRI, FiERT 8 B-1,3-Man.

'H-"H COSY i 6y 4.45 5 oy 3.59 fHx, A

HIEFE Hi-Hy MAHRAS S . HMBC i %8 on
4.45 (Gle-H-1) 5 ¢ 77.8 (Gle-C-3) HAHFHAES, HE
WA BE AT ETHER 1,3 8. T HMBC i 4 4
B 1) At e EAH 55 5 8/ B 2 3 -2 U AR ¢
S5, PR A HARE S TR 8. BT
I EAE T Oy 4.45 (Gle-H-1), HE(E/NT 5, HEM
HATREN B MZY . WA R VS % 22 B S R
PEsRAE, HIERTT 0N B-1,3-Gle.

3.6 RSP1-1. RSP1-2 #0 RSP2 % &k B 4 At 58
& IL-2. IFN-y 1 TNF-a I8

RSP1-1, RSP1-2 il RSP2 5 /]~ il JIF bk £ 44 Jfa 1
FH 48 h JGIIA CCK-8 ¥, #h#j4 5 HIPExT R4
Ed%, 4 {EHRHE TS, £ 5~200 pg/mL iR E T,
RSP1-1.RSP1-2 Fl RSP2 4 fE (i i3k bk [ 41 A Fr 184 7
24 RSP1-1 (A &K EAE 40 pg/mL i, ZEHEFH
(P<<0.05); 24 RSP1-2 [1))ii | FELE 200 40 pg/mL
i, ZFEE (P<0.05); 4 RSP2 M EKELE
200 pg/mL B, ZRHRKEZE (P<0.01), fE 40, 5
ng/mL B, ZREZE (P<0.05).

RSP1-1. RSP1-2 #11 RSP2 RS /) B bk £
4HfE 4> ih TL-2. IFN-y fil TNF-a, {HA 7R HFE
KA R, S50 WK 2. 7F 5~200 pg/mL K, RSP1-1
AT RSP1-2 ¥ RE 2 (it IRk D 40 i 73 36 TFN-y, 5
FIPEXT R L, ZREZE (P<0.05); £ 5~200
ug/mL BT, RSP2 HEE 3 (i ik A bk B 200 a2
IFN-y, 5B AR, ZRilE 3 (P<0.01).
REEFREREY N S pg/mL I, RSP1-1. RSP1-2
A1 RSP2 e e bk L 40 w20 TL-2, 5 B PEXT G
M EA RENZER (P<0.05), fF9. HEIKE
RIS R ZE R AE 5~200 pg/mL ¥, RSP1-1.
RSP1-2 4R it BRIk EL 40 73 TNF-a,, 5B XS
TR, ZREZ (P<0.05), 7£ 5~200 pg/mL
WET, RSP2 RE{EZEMRM AR TNF-0, 5
FIPEXTRRZE LA, Z R (P<0.01). 53
* 2.

4 itig

ARSI B TR Z AT o s Atk Xhalifth
Ay IAT T WG G RAE S e R T IE R e . 45
B2 Cellulose DE-52 44k 2% &5 FAC ekt (il 45 21 3
NZFEH S (RSPI~RSP3), £ HPGPC JllEH A
3 —1E 2, Frdt—2P ] Sephadex G-100 i+
o Eatith

RSP1 £ Sephadex G-100 itk 2 4lifk, 15
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%2 RSP1-1. RSP1-2 1 RSP2 x/)s 5 B Al itk 2 £ B4 58 & 4330 IL-2. IFN-y 1 TNF-a B9800 (x+s,n=3)

Table 2 Effects of RSP1-1, RSP1-2, and RSP2 on proliferation of splenic lymphocyte and secretion of IL-2, IFN-y, and TNF-a

(;is,n=3)

A JF B (ug'mL )

/IR AP S AR %

IFN-y/(pg'mL™")

IL-2/(pgrmL ™)

TNF-o/(pg'mL ")

X — 100.000£2.010 30.630+2.069
RSPI-1 200 147.31144.055 125.714£5.652"
40 264.157%6.080" 167.40945.508"
5 140.143£3.041 191.395+1.224"
RSP1-2 200 201.433£2.534" 194.871+2.056"
40 225448 +£2.534" 149.959+3.680"
5 158.42246.589 153.621+1.858"
RSP2 200 492473 %5575 598.23543.994"
40 344.802+7.603" 388.434£4.700"
5 301.79248.617" 367.890+£3.278"

11.49640.399
10.22741.097
11.213£0.501
17.958+0.810"
10.01540.796
10.29740.398
20.249+0.811"
11.496+1.803
15.53440.903
18.101£1.010"

77.116+0.819
109.89141.904"
106.754+1.687"
109.293+1.057"
100.358+1.048"
106.605+1.476"
107.500%1.900"
329.660+1.481"
331.032£2316"
345.43341.490"

S RALE: P<0.05 TP<0.01
"P<0.05 "P<0.01 vs control group

3| 2 AN —VEZFE RSP1-1 M1 RSP1-2, X H&5H)K
A M E i ARG R B S 34T T W15
(IRNT, 45557~ RSP1-1 F1 RSP1-2 %= 2 i+ fH
BEL HERRE. EERE. EIEA R, HEN RSP1-1
AR EESH o-1,3-Ara. p-1,4-Gal. p-1,3-Glc.
B-1,3-Man /7%, RSP1-2 AJfE B EH B-1,4-Gal.
B-1,3-Gle~ B-1,3-Man JBt. BT ZHEgME R, U
ORGSR ZHE, X0 FlEBEK, NMR
P P AP ) B B L, ELBERH NMR AT 45 i
BBV D HEM R TR 5 2 TR e e 7 5, AR M A 1)
W B W R S SR YRR o I e A . R SR
AksL%F RSP1-1 A1 RSP1-2 LS EITHIZR, XA
BT F B — B RAEZHELN, IR1E NMR
fEtTas R, =55 A2 RAHILAD .

RSP2 N PELHE, %4 Sephadex G-100 KA
E—Paitk, HPGPC frilI M, 27 796, M, A
17 769, M,/M, N 1.56, SoRHAHX 5> B oA
ANIS), W 60 X HHEAT S iE A,
M BIE TR 2N B PERT RR) 4 £5 2, Aef btk
Y KB4 W TEN=y Al TNF-a (£ 2), Ja8ukgks:
PR AP AT A 5 %5 .

RSP1-1 #1 RSP1-2 A1 RSP2 Al F /) il [tk B2 48
W AT s iE MR 98, P RSP1-1 1 RSP1-2 I
RSP2 4 HE /A [FI T 52 b i 125 F bk £ 24H e 110 38 58 A 40
Ji[AF- IL-2. IFN-y 1 TNF-a (1503, 23 -—Em
Fo e TG YE, o RSP2 3 bk O 40 i 5 Ay
43 TFN-y F11 TNF-o [ P i 4 - IL-2 . IFN-y IFN-o.

14.602~17.257

E 6 RSP2 HPGPC f&ik[E
Fig. 6 HPGPC chromatogram of RSP2

SO 7 B Thl 4050, EZAFXTPai i
T AN H P A SN, TL-2 AT E Thi 240 i
WACRIEEE, IBOR RN . T 4G fhid 2
N2, B, /bR L2, RERE IL-2
ZAR, ZHEGRREIT 8, S AR ER
(B51EM, RA TG0 KEARE T2
s Je Wi, X 45K RSP1-1 A RSP1-2 A1 RSP2
AJ e I B T R 4H g o s> & TL-2, TL-2
{3t T 40 B vs AL AN 3G 58 I 7570 W6 K & TFN-y. IFN-a
S TS5 R

BT AR Z AR TS RAERF (2 2 —, M
2 i A, mrst e misr. ZaEn A
FREARERI T, FEEPE N T IRAERETYZ
Mo ASRE YOS LR Ti 7, RIMEZ
PR SR TG, Rl AT R R TR i
. WG, 1BRET 2Tk, REAE CORBIA. RV,
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