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Purification of macroporous adsorption resin and decolorization of ion exchange
resin of total saponins of Panax japonicus
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Abstract: Objective To establish a simple and effective extraction method for the preparation of total saponins of Panax japonicas
(TSPJ). Methods Combination of macroporous adsorption and ion exchange resin chromatography was adopted in the present study.
For quality evaluation, chikusetsusaponin IVa was used as reference, and vanillin-perchloric acid was applied as chromogenic reagent to
determine total saponin content at 545 nm. Results X-5 macrophous resin offered better adsorption and desorption capacities for TSPJ
than other macrophous resins. The optimum purification process was confirmed as follows: The sample solution concentration was 0.2
mg/L; The sample volume was 10 g/g, and eluting with 5 mL of 70% aqueous ethanol solutions on 1 g wet macrophous resin column.
Followed this step, decoloring of TSPJ was studied and the decoloring capacity of two different types of ion exchange resins was
evaluated. The result showed that 732-type cation exchange resin was the better resin for decolorization of the TSPJ. The total saponin
products with higher purity and quality were obtained, with the mass fraction more than 85.0%, and the transfer rate of TSPJ was more
than 70.0%. Conclusion The results show that the total saponins can be separated and purified effectively from P. japonicus. The
preparation method is simple, effective, and efficient for large-scale preparation of TSPJ.
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2 AT NE (Araliaceae) NS )& Panax
Linn. H¥)1175% Panax japonicus C. A. Mey. 1T
P AT HERIRAR 2, 2 B 16 e b X R ) s,
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b WA AR bR, bt EH T
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SHERET. 2R EEAE RIS IR A
P AR, DTSR IVa, V IRENE
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B 2 22 o 24 3 11471
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B 2 M 00 K L N ST ey i il L N o )
PR USRI 2 T S R B AN IR
TZHHT TSR, YONAF T2 & i mM
Bk, HFTEAT 28 BTN R 2 0 5yl it
50%, FL AL AR AL HE R B 43 25 (0 2 A R et
SR S8 I, RSB B g 2eon € 2 K 2 BRIEA
HAR, A SBEER, AN, ik, ARSE
BT S R B A R FLIR R IR 4lifk T2
FNES T A2 b R it € T2 SBEAT R 7T, R R H 4w
RSB LI RN, R TR
PRALTLIGAKIE .

1 XEEHH

U-5500 BLERAHM-AT WL G RE T, B TeHT X
A RAF]; LD4-40 RULH R A& H00L, Jbnt
SLEODHLA PR A FD-1C-80 RA AT, bt
HEE B H R AR, AB204-N B HL 7347 K1,
HERR - FC R 2 AU 2845 PR A 7] ; Starter 3100 ZY 5256 =%
pH i1, HEHAERAA .

WS LM THAbE B MEARE 2, &=
e A 27 [ 2 o AT e - 2 s N HOIN B A 2 @ A4
Y1752 Panax japonicus C. A. Mey. HITIMRZE, FF
G CREZH) 2015 RS FAHCHUE o
BRI S EH Va, #t5 51415-02-2, FESD
$>98%, W AL E AR A RA R .

KAL A4 g X-5. D101 AB-8 T BT K2
T HP-20 M HA=EMAF;: DM-130
TR EEAR M ARAR . 732 BIPHEFAE
b REART D941 BY [ B 7 A8 3 g W 1L AR - i =
ZBMARAF . SHARMEAIERES LR 1.

&1 TRESKENELERESH
Table 1 Physical parameters of different types of adsorptive

macroporous resins

HAY et L iy BIKE %
nm (m*g™)
X-5 ettt 29~30  500~600 56~66
DM-130 5ttt 9~10  500~550 65~175
AB-8 gttt 13~14  480~550 65~175
HP-20 et 29~30  500~600 56~66
D101 AR 9~11  550~600 65~75

SCIGCHTH OB FHHEEE. mER. VKRR, £
TR SN ATl KON ZEK .
2 FEEHER
21 MHERBEENEENESZE
2.1 PRI EE TSR IVa AT
ZUM R R BB RGNS, I E RS BT
S T E B IR R RREUIT T S 2 TVa X IE
SR, BT 10 mL ZHH, N 70% L BEEE I
BEZIEL, $2), #160.31 mg/mL TS 21
IVa fii 2, #%H.
2.1.2 MM HEIE BRI TSRS
iR, It 60 Hif. FREUTITZSZ0K 1 000 g,
F 3 51 70% LEEMAENR IR 3 K, BHK 2 h,
B0 B ARBUR 25 . SRR A IS, SRR
iR 2 5000 mL =, IUKFREZRZIE, 3225,
HilEK 0.2 g/mL A= 25 & AR IR, & H
2.1.3 BEESKENEKNHE S5 ik
T8 7 VAN, R BT 2 2 AT IVa X IR IE TR 0.5
mL AR ER 0.1 mL, 205 & T 10 mL HZER
B, AL AN 0.2 mL HTECHI 5%
FEIE-UKIETL « 0.8 mL =R, T 60 C/KM I 20
min J&, CRPEUH KIS 3 min, JIAVKEERE 5 mL #%
BIHES), HWIRE 5 min J5 T 400~700 nm P K
BT BEATIREZS O R . 5 SR oo HRL
FIFE B VETRAE 545 nm ALY 2R U185 KR,
FEMBLETI (B 1) Kk 545 nm /5N
TEPA
2.14 TAEMZRRIZH] RBEERTHTSEE Va
SR AR 0.2 030 0.4, 0.5, 0.6+ 0.7 mL, %)%
% “2.1.37 WUF R AT IEERME, T 545 nm #K
AEEWICRE (A B LA A B RNAALFR (Y, 7115
Z B IVa RE S BON AR (O #ATZMERNIE,
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Fig. 1 UV-Vis adsorption curves for solutions of reference

substance (a), test sample (b), and blank (c)

el Eh 28 5 FE Y=5.385 6 X+0.066 3, RZ=0.999 2.
GERRI LEARLI KM N, 1T TS B AT IVaft 62~
217 pg 5H 4 HEA RIFHAME KRR
2.1.5 WS GER P A BT ERNE B
S A 1.0 mL BT 25 mL &R, i
AN T0% TR R ZIRE, RE5). HERIEE 0.1 mL,
T 545 nm WK E 4 H. ARYE TAE 280 H
PV S R BN 26.53 mg/mL.
2.2 KFLIK IR BE AL IR B S W AR T 1
Y452 B B AR M G = SR ORI M Fr b
FEOH RN, AT AR A B SS A M PR B R R B . 2
PG EA A& LA R m ) LR AR, BA
R AW PERE . AR SCERIRIEN S22, ik T
TRF4AE 5 MRILBMEHIE X-5. DM130.
AB-8. HP-20. D101 #7045
221 RALBIMM AR AL EE 228 SOl iiE 1) 5
R, L S 1) 8 BT R FLI BREARS i 2B N i 1
PEREAEN, LL 95% ZBEe i Hion 3 &K 5 T
RIS, SOHZBKIT e 2 ToREE, B
222 FRASOFNIL TR E KL AR RS
TR ERJ5 BRI I & 3 1, B 35 g, BT A%

MR . AT T SNSRI 45 mL, =
IRTHE 3 h, 15 min #RH8E 1 K. 7850 W B i Il
FIEWR AE, HIT R SR ER B R B 2R

8 78 4 W Bt FE B, JFH 100 mL XUz K
SRR, BAWAKAIL, BT HEHES,
AN 45 mL 70% CBE, RARRE 5 R S AFCE 3 h, Wl
JE SRR A B, TSR B IR P AR 2
LER R 2. TTLAE H X-5 A HP-20 BRI 5 N5
PR L HA Y S0 i v, T A R R Al AR
HHEZESR, HmiEF HP-20. X-5 WAg/EdE—5
A

W E (M) =(Co—C)Vo

R E (M) =CaV y

LU & =M w/M

Mt 2 = (Co— C1)/Co

FRIR R =M /M v
Co AR A BT R EIRE (mg/mL), C1 NS E R
OB R IR (mg/mL), Co ARGV 2 i ik
fE (mg/mL), Vo AELAMIERIAEI (mL), Vo IR AR
M (mL), M NWEHE (mg)
2.2.3 SRS A2 e AERRRE AL
FRLF () HP-20 X-5 RALWFHIRAG & 10 g, 7074
AW IR (NAE 2.5 em, 4815 60 cm), AL
AR _ERE, 10 mL ARG 1R, 420 1K,
Wik fr. 1~20. &18MI% “2.1.57 HU7ENE
AEH, IR EHE. LSS AR,
SR BN AR, SRl L . 25 LK
2. HEI2 ATLLER], 0T X-5 RFLBIMAE, fr. 5
DU SR mr e B i E S w, R L
[EI = i 7 N S Z T N e D VA I o = S IR
mL. [ HP-20 B AETE 50 mL 2 i itk 5 & 0 55 Lk
X-5 8%, Fril X-5 B8 H B A I8l
BAE 1. [Rl, ARSZIRERE X-5 RALWPIRMIEIE A
DT 2HEENR,

x2 ATREESKILRMREET TS 2 EH ARSI R RRMER (n=3)

Table 2 Static adsorption and desorption capabilities of TSPJ by five types of adsorptive macroporous resins (n = 3)

P g 2 2 M B A /mg LR B e/ (mg-g ™) i = /(mg-g ™) % B2/ % AL EIA
DM130 423.25 12.09 336.57 85.4 79.5
D101 448.66 12.82 327.19 90.5 72.9
X-5 450.12 12.86 357.20 90.8 79.4
AB-8 432.01 12.34 342.67 87.2 79.3
HP-20 449.05 12.83 355.60 90.6 79.2
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30~ *®3 AELHRREREXTRMIEREFNE (n=3)
—-X-5 1 Table 3 Effects of different sample solutions on absorption
=~ —=-HP-20 7 properties (n = 3)
q 27 RERUR RIS LR PEBY MOBTRE R
g (grmL™) mL  FiE/g  EU% %
2 104 0.05 240 07659 768 55.4
‘ 0.10 120 0.8432 77.6 64.3
0.15 80  1.0998 79.4 80.4
0 0 3 6 9 1 15 18 21 0.20 60 12095 80.9 90.5
TR 30 =
2 X-5 F1 HP-20 XKFLWMBEX 158 2 EH IR fidhsk
Fig. 2 Dynamic adsorption curves of TSPJ on X-5 and ~
HP-20 macroporous resins ’é’ 204
&
23 X5 KFLIEMIRBES UM S R 2N TES =
HERSHA 2 101
2301 P AERRRRERA PUALELE ORI 15 g,
A RR B (A48 2.5 om, 27 60 cm) Hi, . .
fE 1 h, R IRRRAS 27 7 Dike, & . o 3 6 9%@%; 15 18 21

232 EFRREWREERIRLE  ERA A
W47, 2 KRR & A2 24 0.05~0.20 g/mL (1)
B = 7 TS0 =R 1| 1 1DANE2 D RN e S 14
1 h, FIWZEKMBEZE Molish J v S M, FH 70%
I EE I &2 Lambert-Beer (L-B) e 2[R, Ui
70% L BEGEBL, KB BB WS ) S, AR
T, oEFRId, BUSBEmidE “2.1.57 WiJrik
W AAE, FARE ML E LB EML ST
e, SERNE 3. BRI WUEY, aBHEE
B EREEWR I ORT 2 EbER . Y BRI
JREREAE 0.20 g/mL i, FT755R BT E S5
N 80.9%, FEFEFN 90.5%, HuHAh FREFTEIKE
X L) o3 B A R AT o B SRR K R
BIRE, BOERIETNTH. BTl BRI 2R E L
PENAEZ 020 g/mL, BRI EIRE
HRBE=M 4 /(V 156X C ix)

M BT SRR E (mg), V oy BRI &
(mL), C ooy FRERE D BRI K (mg/mL)
233 FfE BLREEERE BN RIE A, &
10 mL WA Gy, JLUREE 20 WK, KIKGm'5 A fr. 1~
200 EiRME “2.1.57 BUTEN A [EHHE SR
&, LSO T AR, SR R NN AL
WM EE Lk, a5 R WK 3. MK 3 ALAEH, Kk
FERAARV/INT 50 mL, EEtEE R . (Hun gk
o LR, B REMER, BrLlig$ 50 mL N ftE

B3 X-5 AFLORFHRBE EAEORR S F sk
Fig. 3 Dynamic leakage curve of TSPJ on column
chromatography packed with X-5 macroporous resin
EReRE. R T TR, 9 T REERAE,
e FAE RIS R s Al 10 g 4225
234 PRBAIM I AR ECER R R 40
mL, EFET 4 ARFUSHIEIR) X-5 BEEEE, T 1h
J&i, BILARZE K EE 2 Molish e BB, 4351
30%- 50%- 70%- 90% LEFHEML A L-B S b2 BT
WSS AR 7 B LR R 22 RIS TR R T
W), ANFEIRRR > H LI G ™ W 4 e A1) B ‘L
AT HUH) 70% LFEEVEWIN A 8, 4% TAF &t 5
SRR, IR ER, GRNE 4 R 4T
LIE Y, B R R AR o B n, Yelimb e e
RN, 7E 70%F1 90% £ B (1) i 2 i &
4 FRBBFIRTS R STRBHEOTI (1 =3)
Table 4 Effect of different eluting agent on desorption of
TSPJ (n=3)

LIRS BT e REERE
" e . RS2 /Y%
/% B R/ 5%
30 0.988 0 67.9 63.2
50 1.005 4 76.4 72.4
70 1.1812 80.0 89.0
90 1.2180 78.7 90.3
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B 3N 80.0%A1 78.7%) FHZEANH ., 1H 90%
ST B S (e i 28 08 I bl AR R 3 0 2.
Vel TR L B, ] R — Lo B 3K Bl A =
ORI ok . N T AR Ak, [
I 2 AR PR AR, IR 70% LB N B Ve A
235 VB HERHE R R
40 mL Bk, FRBH 1 h, XEEKBEMEZE Molish
N2 REH 70%L BV, B 5 mL AR
B 1k, iR 20 Ik, KIRG 5N fr. 1~20.0 4%
“2.1.5” WTVEM S8 A IR TAE 25 e
B, USSR, SRR N
ezl iimhge. SR WK 4. SR ER, HBEHN
AR 30 mL B, AR s B o A O
IEB I RAE, 2] 75 mL B, SR CEREAV 4.
BRI R BRI B8 75 mL. A 7 Tk (st
B, TR R e TR 5 mL e

0 3 6 9 12 15 18 21
e

B4 X-5 BUIRRHBE ROTTRT Lk

Fig. 4 Elution curve of X-5 macroporous resin

23.6 TS E B iR TS50 e & HLK
UE ARIE DA L SEIG R T, HERAWR AR T T
40 mL, % “TEAE” DR J5 et BAE, TR 1
h, XWZEIKPENLZE Molish KB 2 JIE. 485 H 70%
L, BRI, AR TR, WA
R 70% CEEEEI A 5, 4% TAEI TR A S
T, PATERME 3 R, FIRERMBBFESIN
84.6%- 82.5%- 86.1%, it i [ B HEFEF N 89.4%.
88.2%-~ 90.3%. HTHif3r= mgitfmintyt, ik
— PN AT I A T2 AT

24 PREIZMHAR

241 BT AERTAAEE D941 BT
e e S H 5% HCL BRI 3 h, HRZEKBEZ
P, FEH 5% NaOH 7RI 3 h, $5fa FRZE K BE
Z . 732 BUBHE AW IR U Je H 5% NaOH %

MR 3 hy, HXZEKTEE P, B 5% HCL 3%
Rt 3 h, EJEHRZERER S, &

242 WS EREIOERPH S AR 2
W22 X-5 B LW PB4 g 24 S (77719 2 8 2 R
i 25 g, 1 I AXZEKIEMEIF EAREE 1 000 mL (A
O, 14 H 70% LRV IF € 2522 1 000 mL(B D,
A JE#H

243 EAESEY TSR B A RO ER
FEOVE, KN 420 nm A AT OGRS I €0 25 44
JR AR, SRR GRS, T . R R R
JEl5E o

244 NEFRP DT EENE BARAB
W% 1.0 mL 25 E T 25 mL &, A 70%2
MR ZIE, $E). WEREI 0.1 mL 4% “2.1.3”
TN AR, T 545 nm BN E 4 5.
R TAEMLITHE A P mEaEHEERN 2075
mg/mL; [AVENTS B ¥ A2 RN 20.69 mg/mL.
245 WHRMIHE  #EFARE 2 0 BlbHE)E 1)
D941 BIFHES T2 HME# 15 g0 BT HE MM
Al i 25 mL A VAN B V. 53 EX 2 4y FilAb BE
JE ) 732 BABHES TR MR & 15 g, [FEHRAE, I
itafr. BE 1 hja, & EIFBRHET O P IE
ME A, HEROEMRER, SGRILEK S,

i 4% = (D1 — D2)/D1

REHE=CJ/C
Dy MR A B, D2 ARG JEER A, C ABE R
A B R RRE (mg/mL), Co A5 T R AR
HIRE (mg/mL)

Mk S TTCUE W, T A BERE B B,
732 RARH B A2 B g b D941 7Y [ B8 122 e b i
(R B L R M OR BE 2R AR s B R A VR Rk
EERIMERMRE RS, FrCUEEH 732 ZYFHE
FHEM AR SR E B 0 A W CEPZKIEHBD 3t
TR 7L .

2.4.6 pHEMME HEMEI 20 mL A HE TH
#z5 BMEBIZMEHFIEER n=3)
Table 5 Screening results of two different types of ion

exchange resin on decoloration test (n = 3)

‘ AW B
PRI — -
BEE % ARERY%  BEE%  RER%
732 81.7 89.0 69.4 87.3
D941 69.7 243 31.5 53.0
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JesiA, 354y, nliE pH N 3. 5. 7. 9.
11, A 15 g AL PR f5 1) 732 204 FH B A8 e b i
FrE 1 h, SAEX EIEBGEAT B E A I E 4 1,
THEMARARE R, SR LE 5. WE 5 Frrbl
EH|, % pH HE&M A B HREREREE 90%
Fedis WERIERR M FA FC Tk %4, £ pH
N 10 FIIHE B4 A 3] 90% L F, AkEE N pH {8 i
R E, . MR pH 10 A pH 1H.
247 RREFENFE RIS
732 RABHES T2 AR 10 g 254E, A A ¥, & 10
mL Y 17k, LIS 20 Wk, KRGS A fr. 1~20,
a3 AT BAE T T E LR, DS g SN
PEARKR , ST 1R T €228 g A AL A 22 11 5t € it 2 (1)
6). HIE 6 ATH, BHAG AR N, BB
ERIBEEC, S HRAAFUAE] 140 mL B, B
RN 50%, WIRLELE FRE, BECR IR R %,

120 7
00 l___+__.|———I———I
@ g 007
B2X
30 - i {3
e glrethe
0 T T L] 1
3 6 9 12
pH &

5 FFE pH{ETREZENITSEEFREBRILER
Fig. 5 Effect of pH value of sample solution on the
decolorization rate and transfer rate of TSPJ on 732-type
cation exchange resin

100 =
80 -1

60 1

2R /%

40

201

1
B
6 732 BB FREMEMTTS 2 EHMNR G
Fig. 6

chromatography packed with 732-type cation exchange resin

15 18 21

[=}
< O =
J0 o =

Decolorizing curve of TSPJ on column

T AT o ok _EARER Y 140 mL, B4 G 2
140 mL I, FFEXZE IR HA G RI%E A
WS BT &, ] DR B g m i € i Ak B
M2 BB EN 290.5 mg.
25 MTHSREERENEIZESHAERER
UEIR 56

HRAE iRk L, B e i A X-5 KL
MRRREAT AL, EARRONAEZ) 0.2 mg/mL, AR
NEFSERAR 10 g 4224, TRIREE 1 h, RUEEKPER A
Molish Je v S HYE, F 70% CEEGEE, 5 &
A va KA i 5 mL, YEERERLG 4Rk s
M AR IR S BCE B R 20 20 mg/mL
LS, R pH AN 10, MG 732 AYRH
BT AT A BRI IR AT, SR AR A v i
JEASHERLL 290.5 mg 7T BT, USRS,
R H AT, BT SRHEE. % Bk
BT A HHATIRAE, 1RIFSE B L 6.

*o6 ASHETZEIESER

Table 6  Verification test of TSPJ purified by X-5
macroporous resin and 732-type cation exchange resin
95 SRR HU% A%
1 85.5 73.2
2 85.6 73.1
3 85.4 73.3
FHE 85.5 73.2

T LR T ZE A, iR % B st
1T S RIORA VR T IS FEFERT FERE, MCB e
X-5 RALI B i e B e i 22 el U B, B2l
it 732 Y PHES A HA TR AE,  WCER AL VR
KT 50%M180, ZUIRIRAEGHA R T, 15
BT SHERI B . SLhRRIR R EE R, BRI
BRAOE, HDETRESELT 86.4%, BB
B FERE RIE R 75.6%, HRTA T 2R 25 5

A—F,
3 T

VS PrE a8, EENEHE, FEiE
AREMNEER . SR, BB R
LTRSS R CBE A GEMAT T S iR
BUBRH, BUIKCOIE SO % B A s 3R
PR, BRI EERIZ E I 2R R, 5
WiE, G LAk, KILPNRAE iziz i
TARTER I @ o, RARER R RA
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% 5G9 NIRRL, GRFUA R B 23 B BT A5 X

WA GiA7ft . 25 S WM SE I, BE

5 27 R Y a5 N N -2 3 151 P N 3714

75 PR R AT AT 2 R R AR R B, DA

BNAW RS TR 7T, 25 REY, X-5 BRAL

B A — i EE SR AR R I, IROBH ORI R v

BEET S B2t
SR T 23 B AL A5 B ) s B 2B T R4 K

I ZREA B AR BT, (R IRV I 1) 3R AR

PR S, W= mrss, E—efRE LEKT

PRI, R L BT S B IR i

—B IO T ZT . B RS 4 i A ) T

IKBVERAL, a1z a8 B R IR = B I ot 72

o B RS T (R R ALI R iR —F,  adid

SEWHEAER A ET B0, AR ST

RIR G S A FRI L ], RES IR S o ARSE

SRS 732 BH B 158 3 xR FLAR IR Bt 43 B9 5

RPT 2 B AT, JE R AT ZS

B ATRAL, A B Ui R S B A5 B 2

¥, BRpf, aeiotE, HeBHEE

86.4%, JFHARENFEIZE . Wbk w45 5

KW, AL TZR0E R, & T Tkt

A, BA REFE N R

S 30k

[1] "EZ [S]. —#. 2015.

[2] BREHEEYR, WKL, % 5, 5 TS &2
HEPETT R [J]. ThELZ, 2010, 41(6): 1023-1027.

[3] WU, = T. ISR sk [J]. i
2 EEE 24, 2006, 17(10): 1909-1911.

[4] VEAEAE. PLRICENNAAT M] FEA: LERHE
HikR L, 1995.

[S] #8 B, Was52%, HARRS. TSI KA P A
B [0, R ER 2y, 2004, 6(12): 17-19.

[6] ¥ TR MHZREERS MO D] B B L
k2R, 2012.

(7] 7= B, & T AT S A R A2 R PR Sk
& [J]. NEEERZ, 2005, 16(9): 838-839.

[8] %k Fk, HEfER, MM TS AR T E
58 [ HEZGIT, 2009, 12(11): 1542-1544.

[9] ki, KA, MRS, 5 SRR AR
T2 Etge [J]. BAVEDE ¥Rt fE, 2013, 13(18):
3457-3460.

[10] BREHMEHE, 2224k, % K, 5. IEZBHLEr52
SBTHBREC LRI [J]. R4, 2010, 41(10):
1639-1642.

[11] sk, FTaRel, R, & WK kRIS
HREERTZMiE 0] P EKERTTFYARE, 2013,
19(1): 18-20.

[12] £, £ B, XD, & S8 2 Hma s
EWFFC [0, ML, 2012, 41(5): 781-783.

(13] £ 7, 2535, B 0, & RFLIR BRI A0 B it
PN BTSN S R R ). W
JIIHEE, 2007, 25(10): 31-33.

[14] s, SR, & T, % ISR 6% T
SRE RN E ] HE 24, 2008, 33(22):
2607-2611.

[15] SIEGR, SA75%, BREE, 55 B 73S RV B B AR
B Z P R MBI (7] ] ARZG SRR, 2014,
30(2): 160-163.

[16] EmRAK, 2= B, BhO7mN. RIUWIELAL £ a2
MTZWEFE [1]. BahR, 2012, 33(18): 83-87.

(17] B2, wd, & . KRIWRr smaife =t g
TR L2 (1], &fEHE, 2011, 36(5): 229-232.

(18] EXEHEEAR, %% &, 22k, & KA IE = R4
TSR RHE LT Z%M4MiE 7] PR, 2011,
33(7): 1163-1168.

[19] RFEE, A B, k&, 5 KILRM R G E SEaiftt
BRI Z BB L2 [J]. FEZ, 2011, 42(6):
1130-1134.

[20] #hiEHE, K #F, HREZE, F EELEEFRALTE
WEFE [J]. Zy2psk e, 2009, 27(6): 455-458.

[21] Gayer C P, Craig D H, Flanigan T L, et al. Preparative
enrichment and separation of astragalosides from Radix
Astragali extracts using macroporous resins [J]. J Sep Sci,
2010, 33(15): 2278-2286.

[22] Wan J B, Zhang Q W, Ye W C, et al. Quantification and
separation of protopanaxatriol a nd protopanaxadiol type
saponins from Panax notoginseng, with macroporous
resins [J]. Sep Purif Technol, 2008, 60(2): 198-205.

[23] ZE4TUK, JE ¥, PRERJE, 4. D101 BOKSLIR A A4t
A BT SR 7). FEZ 5, 2009, 20(12):
900-902.

[24] VE=6Y, HERE. B3 ZEp IR = S 2R
ok AT FE [ R B g g &, 2008, 33(20):
2320-2323.

251 & &, BPOL, kEhka, 5 RZEZHEMRERGT
A 3] fEamElAE, 2011, 32(16): 5-10.





