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determination of their compositions
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Abstract: Objective To isolate and purify the polysaccharides (glycoproteins) from Isatidis Radix (Banlangen) systematically and to
study the composition of them. Methods Crude polysaccharides precipitated by 80% ethanol from the water extract of Isatidis Radix,
which has the anti-viral activity, were fractionated by DEAE-Sepharose Fast Flow, Sephacryl-200, and high gel chromatography
system sequentially. The composition of monosaccharides and amino acids of polysaccharides (glycoproteins) was then determined by
HPLC with pre-column derivatization using 1-phenyl-3-methyl-5-pyrazolone (PMP) and o-phthalaldehyde (OPA), respectively.
Results Two of homogeneous polysaccharides named IRPS1A and IRPS1B and two of homogeneous glycoproteins named IRPS2A
and IRPS3A were obtained from Isatidis Radix by systematical separation and purification. The monosaccharide composition of
IRPS1A and IRPS1B was of arabinose, mannose, galactose, and glucose. IRPS2A contained galacturonic acid, glucose, galactose, and
arabinose. While IRPS3A contained mannose, rhamnose, galacturonic acid, glucose, galactose, and arabinose. The amino acid
compositions of IRPS2A and IRPS3A were 14 kinds of amino acid residues including Asp, Glu, Ser, His, Gly, Thr, Arg, Ala, Cys, Val,
Phe, Iso, Leu, and Lys. Besides all, IRPS2A also contained Tyr. Conclusion This strategy can be used for the isolation and
purification of homogeneous polysaccharides/glycoproteins from Isatidis Radix which provides a possible support for the elucidation
of the structure and the pharmacologic action of Isatidis Radix polysaccharides (glycoproteins).
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M WEAR Isatidis Radix J& T EAL G R H 2y, @R
T (pRARREZ), whwy, M, HATWEHIEE. o
WA Z D8, W PR E 903 B S 4 e ek ke
P2 SRR ZGE OREEERAL) 1)
FEALERSY, Du 25PN 95 % BT Y HL %2 Bt
AT 07 B Al BIAIR 40 T i (My) 24 57 000 (1)
Bj—2 8% RIWP, JIF1 IRARIE T 285 RIWP X/
il L, [ 0 L K 0 B AL R BT R s A T e 2 )
SRR K34 S-03 BEATHF IR B AT LA A )
I SRS BRI L s %) My £E 3 500~7 000
(P 288 G2 W70 R I, 7R iR e HU 0 G2 ] il
ok M BEROR R TP AU BRI B, AT Bl Ik
TR RS DA% Yamada WA BT
R 2 — BEIK S EE s IR E A, A
B bk, LB RO A R
B 2 B — P TR G, HEZFA
FIZH 8 AN My 35— 2 0l DL KR 2 1 5544
DRI, AR W ARR 22 WA T R G o i alifh, 010
WiETE 2R PR By, FEBGER 20 O
HED BPUR RN R OCEZ.

A S0 B STREL 2> 2 R0 I i B,
CABLIS #5970 T 5 4 1Y) 80 B UAR Wi M KL 22 W A A 5T
X%, RH ARGy walitik, 33 2 B gy —
Z B IRPS1A F1 IRPSIB J% 2 FiiR AR ¥ —Hi R A
IRPS2A 1 IRPS3A, FFilll iz H pl 20 il f g JE IR 41
J8G,  AASCEE AR ()00 B I D LRI 5 B9 5 LA o
1w
1.1 {45

Agilent 1100 =A%, SEH Agilent 24
7l; fid 4 Alltech 3300 ELSD kil 2, iR g &L
AABR AT RE-52C Jedez8 kA, W hiseis ¥
AR PR FDL AR TR, b st B By
AT IR AT s CH-8606 T 70 M K1, Hii -t Mettler
Toledo 23 ]; BSZ-100 HZhE4 - e, b iFT
VIEALES]; EPED-E2-10TF #B4l/K 3%, Fais %
DIERIE R AR AT UV-2550 40 n] WL4r 6t
FEit, HA Shimadzu 237,

1.2 A5

BREEAR BT 1z L A Sl b 251 PR A ] 2
ik, SR B R TTLR PR e B BRI AR GAP b,
H L) 27 e 4 R R A B A R A 2 4 0 k1
TERN I JEAE AR WS Isatis indigotica Fort. [FAR ; i
fR. EhMR. KMy, SbEN. BERR AN, BEIRE

Wy, odrel, Btk E Rl A IR A T DEAE-
Sepharose Fast Flow. Sephacryl-200, GE Healthcare;
LN, a4, Honeywell; Jo/K LEE, Zr#ral, L
W ZRIRHE IR A A PR A ] 5 A% 0s . T Eedl . A
BUhrfechl . SRS, ERLBE. CRIUBERRR, iR
RAEYRHE A RAF, TR =99%; — & FHx,
rtral, Ll R R A W ET AR, B
My 3500, BXARRAG: FRUERIEBET My 1000 (Hit
5 31416).5 000(4t 5 31417).12 000(Ht5 31418).
25 000 (41b5 31419). 50 000 (#IL5 31420). 150 000
(#t45 31422), %ii - Fluka 24 7] 5 452K — ¥ (OPAD.
9-%j LA IRIE (FMOC), Ji &0 4$0=99%, Sigma
OFE s 17 PV LIRS b UERS W, 52 & Pierce 23 A,
b5 61105, Hr LRT1A24K . - 2R L-225
MR, L-HEM%. HEMR. L-hER. LAER. L-N
AR LB LR LR L-HEZAIR.
L-ARNEIR . -t AR Lo AR LB R
JE24 2.5 pmol/mL;  L-JJEZ PRS2 1.25 pmol/mL;
1=K JE-3- F IS b Menpk il (PMP), Bl TRF), i
I E=99.0%; BER B EIh T, iR G2 R
ovwE]; A (DMSO), [ Sigma Al
MEM B 773 (Minimum Essential Medium), 35
[ Gibeo 24 7, 165 20140217; i5 4 L35 , 35 # Gibeo
AT, 5 10099; 1 mg/mL FH SRS 2K A 20 R A
PR Ab L () R (TPCK JBERE), | MIEERHT A4
RHEA IR AT, 65 20140220; BEMLHE [ MTT, 3-(4,5-
T HJLIBEME-2)-2 ], Genebase A .
1.3 ‘HAEtk SR EK

FIE A (MDCK) 5| H H [E R B R B 55
VORI s 40 7 . FHAL HINT /8 25 PR HE
(A/PR/8/34, HIND). HIHY H3N2 Jit/Bfi s Aichi
PE (A/Aichi/2/68, H3N2) 40 [H 35 [E £ di B 754
W Ly CATCC) s B H Y HINT /B0 #5 1E
(A/Guangzhow/GIRD07/09, HINI1, Genebank No.
HMO014332.1) AIER S Bkk. R BEpR it 2518
AEERNT 9 XS I R h 3, 35 CHFE 2
d, WORRTER . I MDCK 41 i s 28, LL4HE
AL (CPE) Pha) s 3 e g b 1 - Bk e e
(TCIDs¢/100 pL), AE A9 £ SR U3 B
2 HESHR
2.1 HZHEHE

HERFR BSOS AR 258 83 K 300 g, I 10 55
FE K, IR 2 h, WD, I, B R
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BOSHE 2 9K B IFRBOR R4 2 RRE LA 1
2, IIANTCREBE, AL LRERIARTR Y Bk 50%, 4 °C
N4 24 h, 4500 r/min #5010 min, WEEITIE,
RRTH . R ERERyid R, A BB LRE)
IR EIRIIL 60%. 70%. 80%. 90%, A
BIAFATA 7> B RGO 2 B o 73 R IO
M ZHE MR S R W& 1.

F1 SREIRERES EIEIKR =R
Table1 Characteristic and productivity of crude polysaccharides
precipitated by ethanol at different concentration

R B TRk PEE %
50%4mE  KEGRAR  HEETK 18.0
60%LEE R ORMAR W TK, DVFENR 0.4
T0%LEE WK STk 3.4
80%LMWE  EEOMIR  HETK 2.6
90%LWE  WEERAK  HETK 1.8

2.2 80% CESEZ AR ISIRA & B INfR IR 1
221 ZiWFETESE (MTT ) %8414 25X
10* MDCK 40 il 3% 96 FLIL, 24 h J5 45 40 i K i
BTG, FEERFEE IMAARIRE 2949 100
uL/AL, 20 FGS ORI IE 3 40 Bt AL NN 100 uL/AL
MEM, 37 C. 5% CO, k21557 36~48 h, HEfLIN
MTT # (5 mg/mL) 20 pL, ‘% 37 C. 5% CO, i
R AREEITE 4 he War ke RIS BELIN 100 pL
DMSO, fKiEH% 10 min, {45780, %
FE 490 nm Pk, TR G A I E LK
W () fH, VA%, JH Reed-Muench %
THE AN BRI (TCs)s IR =(E%
YITH A H— B 2A0P ) A E)/(EH 417 4 i —
BEYPIE A ). 85 R B8 MTT VA4S ME IR
F Z B ) TCs50>40 mg/mL.
2.2.2  WOEMR ZHARAMIUIEBOR B IG RS EVR
SPEIBLT , CAAH Hams AR 7% (cytopathic effect
reduction method) HFFTAR W AR 22 0 AL I 25 11 10
IR 3l 21 96 FLAN IS FEAR A 1 MDCK
20 L B 25 2 b, [R]INRE B PR 2490 CRE IR B i
F5) RGO B, ARJE I B AR RIRSE (40,
20,10+ 5.2.5.1.25.0.625.0.312 5. 0.156 2 mg/mL)
HYIIE TR, 34 C. 5% CO, M85 FREFE 48 ho
A0 M LR AR FE B IZ LR 6 dibriEidsgk: “-7
AR IE R, TORAS I 47 A e A
THEAZAIRN 10%; “+7 HAIHRAL) b %
ANEAI 25%; “+ 47 RAMREAT L A

PEAAML 50%; “4++7 IR AL A
PRAAMI 75%: “4+++7 AL
ANFEAIHR 75% LA . H] Reed-Muench 41152
HAMHRIE (ICs), JFLUEFHERL (SD R (SI=
TCso/ICsp), SI>2 FRREEmAL; SI=1~2 R
FLRL: SISl R 455 BBl R 2Rt
25 P 2R ) PR PR AL s A ROV E T, AR 2.
F 2 ISR 80%BESTI S RIS MRS
S 1P

Table2 Pharmacodynamics of crude polysaccharides precipitated

by 80% ethanol on different influenza a virus in vitro

Pl BRI

HINI (PR8) HINI (2009pdm) H3N2 (Aichi)

W TCs/(mgmL™")  >40 >40 >40
LW ICs/(mgmL™) 2048 8.47 435
SI >1.95 >4.72 >9.19
BRI TCso/(mgmL™")  >0312 >0.312 >0.312
fhd  ICs/(pgmL™) 0238 0.194 13.800
SI >1000 >1000 >100

2.3 DEAE-Sepharose Fast Flow tf &% 955

I 80% & P et AR W HOHL 22 WA 1.0 g, FH4E
K% R 5 . DEAE-Sepharose Fast Flow 4154, &
WLAZLEK F2 0.1+ 0.5 mol/L NaCl ik Tt it, A 5h
PR WCAE B SEE A, 7.5 mL/AS o 40 5 2 18-k 1R
OV S SN0 REVE (A=280 nm) A VEI
TR PBH O R AR PR e R U e A P A T BRI
AR R IE I E bR HE I 26 4=15.2 C—0.030 9,
MRREH r=0.997, Hrh A AWOCEAE, C A7
AR RIS (mg/mL) o LASEIRE B BEAL bR, B
FE R ) 280 nm ALY A Ry P ABRZ VR th 2L,
WK1 AR, KKK 0.1, 0.5 mol/L NaCl
VR Ay o3 A, WRIRAE R — e G, R
RIENTASTIENT 48 h, FEMUEWRYE, AT,
33y, REGERIREEA, 75
W4 R IRPS1. IRPS2. IRPS3, #% (f3& =T
FHZRE R LR 23000 5.4%. 2.7%. 2.0%.
24 EBRERRHEGILES HPLC 4k

U IRPST 50 mg, /K¥%ifi#)f5, b Sephacryl-200
REVIIENE A FREREEAT . LIOKAPERBEE ], B3
SR IR BEL Ry, B 3 mL, SR K-
PR VR R I (0 1% - 25 SO HUR A M2 (GPC-ELSD,
IIRTAAFS L “2.5.17) BT, DRl E
PARKR, Ve BONREARRR, Zeflveith 2 W 2.

HE 2 i LA H, W44 IRPS1 £83t Sephacryl-
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Solid line is sugar concentration curve. Dotted line is curve of UV absorption at 280 nm. Curves above

picture is a partially enlarged view of sugar concentration curve

1 80%ZEEEZTIAH % #5149 DEAE-Sepharose Fast Flow 35 2%
Fig. 1 Elution curve of crude polysaccharides precipitated by 80% ethanol on DEAE-Sepharose Fast Flow
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Fig. 2 Elution curve of IRPS1A on Sephacryl-200
NI AN

200 FEEIE S B A, ANF My 282 0450
RIRRNEAR B ol IF 18~25 4 Jk 22~26 &
PRI TER I, IO TERNFR. A
TR TR HCE S 20, X 2 A IR
F 0 e (VLA T /E— D alidh . LAOAKIE A
BN, AR 0.6 mL/min, (43544 TSK-G3000
PWxq #, WCEEASRII T B B A, o ik 4,

AV THE, SHCE MY — 28 IRPS1A F1 IRPS1B,

PR RR =Y 2R B ED 4
23.5%H1 20.7%. HEER A% E 50 WK 3-AL B.
FREX IRPS2 5% IRPS3 50 mg, f] 0.15 mol/L NaCl
VIR fG, T Sephacryl-200 2R A i 1 SR B e e
FEo L 0.15 mol/L NaCl ¥ AE Ay lisl, 30k o
WA SRR D iy, R 3 mL, iBEAT 48 h BR
#hJ5, KH GPC-ELSD HEATHLM, I My AHFITE
B, BRI, VR, RASHSCER—HE A
IRPS2A FII IRPS3A, & (P =1 HiEn
SR/ ERETRD 200k 5.7%F0 19.8%. HkEK (4
KoLK 3-Cy Do
2.5 WERSHE EEBR) B My "
FH B it 8 0 1y 45 ELSD AU 2l 52 22 B
A3 My S35
251 @ik aHTA&AE A TSK-G3000PW £
WA 4 mmol/L HIRHIKEK: AR E 0.6

A B C ‘; D
|
|l
[
/}\

, J AN
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
t/min

3 IRPS1A (A). IRPS1B (B). IRPS2A (C) 5 IRPS3A (D) #J GPC-ELSD &iZ &
Fig. 3 GPC-ELSD chromatogrms of IRPS1A (A), IRPS1B (B), IRPS2A (C), and IRPS3A (D)
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mL/min; HEFEE 10 pL; ELSD #3350 C; <
AR 1.6 L/min.

2.5.2  OFFESVEEMIGECE] 2 RS AR Mw R
1000, 5000, 12000, 25000, 50 000. 150 000 [¥J7%
SR, TC R R FORIR A 10 mg/mL PRI IR S 7K VA
253 My HIIE  DARAERBE IR B ) (o0 2l
BEARKR, My MEUH 1gMw IR, 2ifilfs 2
LR (K BT FE N 1gMyw=10.038—0.496 4 1, 1K F&
0 r=0.996. K 3 1 IRPSIA. IRPSIB. IRPS2A
5 IRPS3A [ ¢t (RN [BIATTRE S, A2 4 Rty —
ZHEI My 53514 18 000+ 31 000+ 36 000 A1 82 000.
2.6 MIERERBEMIEERLE RN E

2.6.1 (it orir s E S vk (SN Zorbax
Eclipse-AAA 1 (150 mm X 4.6 mm, 3.5 pum); ¥isl
#1 A &y 40 mmol/L Na,HPO,, H] NaOH ¥ i pH
2 7.8, Vs B o LNE-HEE-/K (45 245010,
BEEVEME: 0.0~1.9 min, 2.0% B; 1.9~25.0 min,
2.0%~23.7% B; 25.0~25.3 min, 23.7%~34.9% B;
25.3~45.6 min, 34.9%~57.0% B; 45.6~46.1 min,
57.0%~100% B; 46.1~49.8 min, 100% B; 49.8~
51.7 min, 100%~2.0% B; 51.7~53.0 min, 2.0% B;
RS 1.0 mL/min; A2 40 C; R K 338,
262 nm. OPA ¥MECHIT%: 10 mg OPA % T 1
mL %35 (0.16 mL HEE—+0.14 mL B 22 /i 4-0.69
mL 247K +0.01 mL 3-S5 N . IR

590 1 5EIEEH] 0.1 mol/L M FR ¥, H 0.4 mol/L
ft) NaOH 11 pH %= 10.0. FMOC %W [T #1: 10 mg
FMOC %+ 1 mL Zfif. @IEMRIIFERTAEL AT AL
TE = SOBAE B A A SRR 1 | T, B
EIRTARET: HCIPR SR8k 2.5 L FEURE b
1.0 pL; VA 5 245 0.2 min; L OPA %
1.0 uL; JEA 10 ¥K; #lH FMOC %53 1.0 pL, HiliHx
ali7k 32 L, 54§ 0.3 min, HEFFS
2.6.2  HEHRASE IS M EASERA RN E 5%
SCHR TN PR SR BE B 11 IRPS2A. 15 IRPS3A
AT KRR Z SERR AL G 2 o /K AR TR] 4 17 h,
IKARURSE R 104 °C, ERFRH A 10 mol/L. Y 1 mL
I, IR E T, NN 100 pL 4K B3, 4442.6.17
T L AT RERTATAE AL HPLC 4347

16 Fh—Z = FERIFAER IRPS2A. IRPS3A [
OPA FiTHEAL =) i I WL 4, B b ARSI —
REILRINAIR . Wik 5 Sk IE TS IRPS2A (1)
QAERA N (FRAFERIIY TR D ARTAE
1% -3 2 % - 22 F R - 2R - H &R - 70 AR - K =R -
R IR-T R R - R IR -4 = R - N R R- T L R R -
SRR-ER (5.1:72:56:1.4:77:3.1:
35:48:1.0:1.8:46:1.1:32:2.0:1.6).
IRPS3A ME LA A R AR IR- B A IR- 223
1R - 2 R - T2 IR - 75 2 IR - R 2 R - TN 24 R - D 2 1 -
IR - AN AR - e 2 R - AR AR (5.2

A 5 7 16
3
4
2
L) J\ L
5
B
3
2 [ e
. A leJ6 o 10] s
__r/\-—A_/\
; , : - : : ‘
C
5
1 2 3 J\?‘ 8 1 14516
S, SO, WL Y - S W .
0 5 10 15 20 25 30 35 40

t/min
-L-RITARR 2-L-BER 3-L-4%% 4-L-AZR 5-HER 6-L-HER 7T-L-KEAMR 8-L-WAR 9-L-FEm  10-L-am
-L-AAR  12-L-EER  13-L-AKNER  14-L-5338 R 15-L-2A8R 16-L-IER
4-L-histidine
10-L-gysteine 11-L-valine 12-L-methionine 13-L-phenylalanine 14-L-isoleucine 15-L-leucine 16-L-lysine
4 16 H—RIEBIRHE (A) 1 IRPS2A (B). IRPS3A (C) #J OPA fiTE L= &L E
Fig. 4 OPA derivatives chromatograms of 16 kinds of amino acids reference solution (A), IRPS2A (B), and IRPS3A (C)

1-L-aspartic acid  2-L-glutamic acid 3-L-serine 5-glycine  6-L-threonine  7-L-arginine  8-L-alanine  9-L-tyrosine
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68:33:16:86:37:196:40:15:3.0:
1.0:13:27:23),

2.7 WRIERZHEMSEEARNE

270 OIS AR N Inertsil®ODS-3 A
(250 mmX 4.6 mm, 5 pm); HBEIFHA 0.1 mol/L
FRER 2 (pH 6.68) -2 Ji5 (83 1 17), ki
FEd 30 C; Al 250 nm; AFRE 1.0
mL/min; HEFEARFA 20 pl.

2.7.2 AT IIEIRE A PMP AERTATAE AL
IR R 22 W 1) BB 2 A TIN5« B 1 mL PR
PR G0 RO CRIZETRE . AW T EE R B
EOBE S EFURE . PFUREEE IR R, NN 1 mL 0.6
moL/L NaOH ¥, # T 10 mL [ HZERE TR &
%357 I 1 mL 0.5 mol/L PMP H ¥R, R4,
BT 70 CHEFTH AR N 60 min, HUH, ZRK
B 10 min; FEUIA 1 mL 0.3 mol/L £k RV AN
3 mL =& HRE, eRE, #E, A ST,
HHL 3 R KA 0.45 pm AL IEE R 5 3547 HPLC
YT o BC AN [R5 R 5 RVRAR VA, DA LR P
(C, mg/mL) ARALFR, W (4 HPAbR, 2
HIbRAERN S, 45 A2 Bl AR ith e 23 0l 0 H 5 b
A=29353 C—9.57, r=0.999 4; & 4=25107
C+11.02, r=0.999 2; -FLHEREIR 4=30 842 C—
346.57, r=0.996 3; %M 4=24914 C—98.65,
r=0.999 1;F-F B 4=31 183 C—58.89,=0.999 3;
AKBE A=31 075 C—62.47, r=0.999 5; Bz {14
A=35545 C—84.34, r=0.999 6.

2.7.3 ARSI A R OB e A R
& E 1) IRPSTIA. IRPS1B. IRPS2A 5 IRPS3A T
5 mL 280, BN 1 mL K%A#, FA 2 mL 2
mol/L BRI, B, 110 CTHAFT/KME 8 h,
AHIAEE, I 8 mol/L NaOH ¥, 15 pH {i
214 7. B 1 mL KT 10 mL R, $£42.7.27
WL ATRT AR 52« FORHR A U S
JKA#77H) IRPSIA. IRPSIB. IRPS2A. IRPS3A [f]
PMP fiA (o i B LI 5. &5, IRPSIA g4l
J8 2 A H B - 2 B - LB - R AR Rl (2.9 C
4.8 1.0 :23.4); IRPSIB HubH4L &N H 26 b -4 45
B2 LB - BT S B (1.0 0 3.8 1 3.0 1 24.5);
IRPS2A PRI 2H 8 Ay > UM e 198 - 26 B -~ L - o]
FIAFRE (12.6 0 27.1:1.9: 1.0); IRPS3A kil
hH S - S - P T T - 2 0 -1 LB - Bz
AR (22:1.0:1.6:135:23:4.7).

|

A 1
B IO N J\
B

1 2 3 5 7

U

0 10 20 30 40 50 60 70 80
t/min

I-H s 2-W2hE 3-FLREREmR 4 ARE S-P LR
6-AKE  7-Fl Bz A

1-mannose 2-rhamnose 3-galacturonic acid  4-glucose

5-galactose 6-xylose 7-arabinose
5 BEREAXMES (A) 5IRPSIA (B). IRPSIB (C).
IRPS2A (D). IRPS3A (E) KiEF=4H) PMP iTH &L E
Fig.5 PMP derivative HPLC of mixed reference substances
of monosaccharide (A), IRPS1A (B), IRPS1B (C), IRPS2A
(D), and IRPS3A (E)

3 i1ie
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