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Abstract: Objective To determine the technological conditions for the purification of the total alkaloid from the Corydalis Rhizoma
(CR) by macroporous adsorption resin. Methods Total alkaloids of CR were determined by acid dye colorimetry, palmatine
hydrochloride, dehydrocorydaline, tetrahydropalmatine, and corydaline were determined by HPLC. Six macroporous adsorption resins
were investigated with the absorption rates, elution rates, and the content of the total alkaloid and four alkaloids of CR by static and
dynamic adsorbing experiments. The purification process conditions of the total alkaloid of CR were optimized by the loading amount
and volume flow of sample, the type and volume of the impurity removal of solvent and elution solvent and so on. The stability of the
purification process was investigated by 5, 10 times enlargement. Results D141 type macroporous adsorption resin was the best
choice for the purification of the total alkaloid from CR, the optimized parameters were as follows: Drug concentration was 0.6 g/mL of
medicinal material and was added to the D141 macroporous resin column that the ratio of diameter to height range from 1 : 5to 1 : 9
at a flow rate of 2 BV/h to 2 BV, 1.3 BV of purified water was used to remove impurities, and then 6 BV 95% ethanol was used as eluent
at a flow rate of 2 BV/h. The purity of the total alkaloid of CR was up to 68.19% after purification, and the content of palmatine
hydrochloride, dehydrocorydaline, tetrahydropalmatine, and corydaline was 1.95%, 11.74%, 4.93%, and 6.36%, respectively. The
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purity of the total alkaloid of the CR can reach more than 65% by 5 times and 10 times enlargement. Conclusion The purity of the

total alkaloids can reach more than 65% after verification test, and the transfer rate of total alkaloids and four alkaloid monomers of CR

can reach more than 85%, indicating that D141 macroporous adsorption resin can effectively purify total alkaloids from CR, and can be

applied to industrial production.
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Corydalis yanhusuo W. T. Wang () 1z, B
WAL . FEAIERE TP, AT, NE
£ \k . —Pl R R A HE R A
e B Y, R R R R
24 RO AR R 2 A 2 A R R AR,
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2110 mg, FEEME, BT 50 mL &4, HHE
BRI MR B2, REFEAERERE N 191.6
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222 HERSERIGHEE K AR SR DR
JEAE, WCERVE, B 10 mL B 78 K 78
T, BRE A RS, R 10 mL B, JF
PR R ZE, REE, I8 /5 eyEm, s
PR SV -

223 LMK REER FEERRIOTIRMER 0.5,
1.0, 2.0~ 3.0~ 4.0, 50 mL, 77AET 5 mL £
o, AR ERBEZZIE. RERIURFE R EIRE T
TERHZR X IR SR VE 1 mL 23 3 B T <)
%N pH 4.5 22 12 mL, N By S4 7 3 mL,
A 9mL, PEHE 2 min, F#E 30 min J5 /0 BRI
THEA 0.4 g TKRRARIE A, BT ERE S
F1, 7E 411 nm 384 Ak 2 31000 5 ARt T -5 0 HEL A
WRIWRIERE (D M. DUEHR CEREIRE (X
FREARR, DL A RHPAESR (YD, PEFRHERTZRHET
LRPERIA, BEEJTFE Y=0.004 8 X—0.046 5, r=
0.999 4, FRIFIEHAZR L FE X TE 18.92~189.20
ug/mL 5 4 2 RIFLERR.
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AR AAT (BRFREEYT 32.2 pg/mL. i K H
% 96.5 ng/mL. #EHHZE L% 76.2 ug/mL. IEHHEF
% 79.2 ug/mL).
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A4 0.04 mol/L B /K ( = Ll pHAE %22 6.0,
B NN, C MR, BEEMAET: 0~20 min,
75%~68% A, 25%~32% B; 21~50 min, 30%A,
70% C; #I K : 0~30 min, 340 nm; 31~50 min,
281 nm; FFiF 30 C; AFURE 0.8 mL/min; #EFF
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WA, AT EIE ST, SRIE 1. i
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1.05, HREREII KT 10 000, S FE M DT

MER .
A
1
2
B | 3
I i 4
4 IL l\ —— Jlg A
’2
C 1 |
3
—d — JI\A_ !“._ ,\,H\_ PO _jt_n_
0 10 20 30 40 50

t/min
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E1 ZAEBER& (A ERREMEITBRBER B) FEH
ZHIXMAER (C) B HPLC B
Fig. 1 HPLC of blank solution (A), CR alkaloid reference
solution (B), and CR solution (C)
234 MERRFLE  KEEEPUREG NS,
0.5. 1.0, 2.0. 3.0. 4.0, 5.0mL, 7% & T 10 mL
st HFREmERZIE, 5. £ LR AEE%
PER AT I AR E , DL SR AR AR (X0,
W THI AR ME NN A AR (YD, BEATERMEEDE, BT
MR BN R L YT ¥, =27 651 X, —2.711 5,
r=0.999 9, KL LITLE 1.61~16.10 pg/mL
BNER FR RIUF; T 5K ) ¥,=20 028 X,—1.959 2,
r=0.999 9, TP L EAE 4.83~48.30 ug/mL
LRMERR R AR LK ¥3=5299 X3+0.905 2,
r=0.999 9, KIJLEHZE . KTE 3.81~38.10 pg/mL
LRME R AT BB R &K ¥,=5219.1 X, +0.133 7,
r=0.999 8, FHHLEHZ FH HAE 3.96~39.60 pg/mL
LMK AR
235 FEMIE RSSO S L, FEAN
HPLC a3y, sk tilE, WeHhReE ST, i
SREN . EHRZER. EHRF RN, i
HEEE.
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BRI 24 h, JEE P RE IR A, k8 95%
LBELL 2 BV/h AR FRL R PHYE, BEZR BeMii 5 2508
K13 IREVEIE AL, SR JE FHZE 1B K DA RRE IR A4 AR
MEVER IR, #&H.
2.5  KFLIR IS B
2.5.1 ERATRMSZG  FRECE EE AR I S8 TR I
M) 6 PR 3 g THEIEHA A, A2 R 25 mL
42245 0.6 g/mL i, B TIERIEY 2+ (160 r/min,
32 C) ¥R 24 h, 3l I SR B 8 R B A 2R
4 PREpARI O, TR R B R B

LR B = (CoVo— C V)M

W Bt 2 = (CoVo— C1 1)/ CoVy
Co B BT AT E , C, B IS AEIBRIR B, Vo T
B RS, vy VR A A

U B 5 BOp ARG, FaEE T, B 100 mL #EE
T, KEEIMA 70%OBE 25 mL, B THEIRG 4
t (160 r/min, 32 °C) #&% 14 h, BN E &
AR 4 PRI S &, THE B ERBENL AR . 45
RWFE 1. 2,

LI B =C, VoM

R =C, Vol(CoVo—C1 V1)
Cy NG BRI T,V SRR e A A

R1 EWAE 4 FhRRE R ER SR LI A IR RFNEIBE (X £5,n=3)

Table 1 Adsorption rate and elution rate of static tetrahydropalmatine in four monomeric alkali tests (X *s, n = 3)

T MR PR /% Bl /%

HREST REKER EHRIRK EHRTPER SBROEST REAKER EMRIER SRR
D101 99.99+0.00 99.99+£0.00 99.98+0.00 99.99+0.00 88.84+1.17 75.98+0.38 35.78+0.48 24.021+0.18
D141 97.07+0.13 98.63£0.07 99.84+0.01 99.93+£0.01 90.20%+1.08 82.294+1.20 43.26%+1.51 30.45+1.67
AB-8 99.67+0.10 99.88+0.05 99.93£0.01 99.96+0.00 90.32+1.70 82.00%+1.07 34.4340.43 22.6940.99
NKA-9 99.93+0.05 99.97£0.03 99.96+0.00 99.99+0.00 95.02+3.33 86.04%2.08 30.3440.10 20.061-0.34
XDA-8 99.524+0.02 99.79£0.01 99.93£0.00 99.95+0.00 88.44+1.27 72.12+1.26 40.53%+1.13 27.95%+1.15

HPD200A 99.73%0.04 99.8940.02 99.9540.01

99.98+0.02

87.55+2.23 67.64+1.15 37.70+0.38 25.96+0.18

Fz2 AMEYEMFILER n=3)
Table 2 Four kinds of alkaloid addition results (n = 3)

PARELS LW HE/(mgg ) HeBERiE/(mgg )
D101 12.21 6.67
D141 12.10 7.33
AB-8 12.20 6.91
NKA-9 12.21 6.99
XDA-8 12.19 6.70
HPD200A 12.20 6.33

BHEE 1. 2 740, 6 FiORSLA HEXT ShRR T 559 T
MRS ERR . PR LR AR R R
KT 97%; HIRELTT 5L FEmse Mg R —
#, b D141, AB-8. NKA-9 3 ks ig s fid £
(D141, AB-8. NKA-9 R R L 5T A3 2 7l
N 90.20%- 90.32%- 95.02%, &R B AP i R
TN 82.29%. 82.00%. 86.04%); FEFRHRE
FEPAR LR VM A R —2, H D141, XDA-8.
HPD200A 3 Fl# i ¥ i 5 4 (D141, XDA-8,
HPD200A HIE#H 2 H 3R I BE L 2253 78 30.45%
27.95% 25.96%, LR £ 2 B I 2 55 il
43.26%- 40.53%- 37.70%). i, KIESREA

WK 4 o s qA ) LU B B2 A0 L e it 2 X n A A ik
PEARHE , JIN 6 Tl R FLAR i 1 EL IR B = B 7E 12,10~
12.21 mg/g HAHZIEH /N, H D141, AB-8. NKA-9
3 PR R ) LL B AR B R, A 4 M AR
W B R FNPE R 5 L, e 2R BRI 3 i AR AT B)
AR B S5

252 BN FRECS g ARBR A AR
A (1emX 7 em), ®AFAT 3 43, LA 0.8 mL/min
R R EFEZ A2 0.6 g/mL [HIHREUR 60 mL. 100
mL (%] 11 BV) @4k 2T, 100 mL 80% L1
Ve, WOERBEMGR, THERINER . SRR E S
B, SR NK 3. 4. 0L AB-8 BHEXT 4 Fp A4
(VR B e B v, 7 TR B 5 ¥ TR S K B R ) e
Rt AB-8 B ISHLT; D141 A% 4 Fh Ak s s dd
I B 26 >94%, XTIEFAZ 3 FERA % FH 3= 1k
R BT, 43N 91.50%M1 81.51%; XAt HZ &
AEIBRER 4 Fh AR DR AR I O B o B AT A, AT
HIX 3 PR XS 4 i A el AR 1) IR 0 B I
/N, D141 H1 AB-8 B i % 4E A 2% S A i 1) 45
R, AW R S B O 72.72% A
71.61%.
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x3 LHAE 4 FBREEHSREHOWMHE (X £s,n=3)

Table 3 Adsorption rate and elution rate of four kinds of monomer alkali dynamic test of CR (X £s, n =3)

o W B /% Vet %/%
HREDYT WEAEER EHRCER EHRPR HRREDT RAKER EHRCK EHRPR
D141 94.34+1.34 96.78+0.88 99.614+0.12 99.75+0.15 45.68+0.83 67.39+0.71 91.50+£1.20 81.51%1.40
AB-8 99.5240.13 99.69+£0.17 99.984+0.05 99.99+0.00 76.49+1.75 86.87+1.01 86.59£3.15 70.9444.97
NKA-9 97.91+£0.72 98.62+0.51 99.614+0.18 99.85+0.12 78.72+2.18 84.64+1.41 7420%3.64 60.131+5.66
x4 TEHRDEVHER 4 HBENRESE (X £s,n=3)
Table 4 Purity of total alkaloids and four monomers from CR (X £s, n =3)
W AR R,
BAh IR T IT Jhi K EMROR TR TR
D141 72.7210.98 1.941£0.02 14.23£0.15 7.231+0.12 9.3610.38
AB-8 71.61+1.93 2.09£0.04 15.05%0.28 7.36+0.14 5.37£0.16
NKA-9 57.06+1.87 2.20£0.08 13.78£0.38 5.241+0.17 5.66+0.37

CEERB R VMR AN R A SE IR 5 R,
HEE AL BE, B&ER D141 Mgl
T RE A ZR AT
26 AUTZSHHHBE
2.6.1 FEEKR ERATUARNHEL  BUCE LT
D141 #Ag 1 :5 (2emX 10 em) 3% EH:, B4
25 0.6 g/mL RFR R I IE AR FRAE CGRIRE ST
0.22 mg/mL. AL EM 1.36 mg/mL. LEHRLEK
0.54 mg/mL. #E#HZE F 2K 0.44 mg/mL) 73 5ILL 1. 2.
3BV/h EFE 120 mL, 4 10 ZTHIEE 1 KR R,
D BF 10 ZFHrh 4R A= 06 00 o 5 23 40 45 SR 3R 9,
YRR EY 3 BV/Ah B, 2 8 i i, R
ThyT R A BT A B SRR RN 2
BV/h B}, 55 9 i thii e, EhEg B Sy TR 5K
T ae LR s SRR N 1 BV/A K, 5610
PR, BRI B VT RO A K AT 4 B
o NBIRBUR RAER, AR AR E 2
BV/h, FFREREWRE A2 0.6 g/mL FIZETHZR FFF
Wi, EFEEN60mL (42BV).

2.6.2 AmEtbES FREEERLF D141 BIAE LA
1:5Q2emX10cm) 1:7 2ecmX14cem)s 1:9
(2emX 18 cm) #@3% B4, LA 2 BV/h 4303 FFF 60
85. 110 mL (272 BV), 43llLk 40, 55, 75 mL (]
1.3 BV) BAiKIERBRZRER], 77 LL 180, 270,
330 mL (%] 6 BV) 95% LEEAE B MLIER, Wesst
B, HATRETRE, HESAEML 4 FiE
VIR R, RSB 4RER, Bkl 5~
129, AEFAR SN R I7E 80% LA L,

BT BIIE 60%LA L, A 1:5~1:9
Py mT i R A R .

2,63 [RAGAFNBER  EUEELFR D141 MR 15
g (2emX 10 cm) @35 BAE, BL2 BV/h R -
FE 60 mL 2424 0.6 g/mL [RRESHZR _ERER, SR)5 4390
PL 100 mL #8467k, 80 mL 0.3% NaCl+20 mL 4l
K+ 100 mL 10% ZFEAE R 427, HPLC &
TR P R B & i, B 50 mL BRIV T
JERRE R, MARRAEREA R, SRR
B ST e B S R S R 40 R B R 2R, RO RE A
REOFSICHAR P RRKBMEZE, KRR IR
HRRI B, K R R B VTR AR R %
MR EYIR R R, SRR 5. HE 5 455809
HL, 3 MERIERY, WEREZERBN, B 10%
CWERRIRIY, RSk, @Ak 0.3%
NaCl #1 2k %8/ . [Rltk, EHC 100 mL #E4E7K . 80 mL
0.1% NaCl+20 mL #84i7K. 80 mL 0.2% NaCl+20
mL 47K, 80 mL 0.3% NaCl+20 mL # 4t /Kit—
%2, I 100 mL 80% ZFEEAT HE i, Ui EEBE R
W, W E ZE AR S AR S 4 T AR D SR A ) I
IHL ERNE 6. SR EIR, 0.3% NaCl KK
PIBR AR IR GT, S G BE R &G, Bk
R AL TKAE R 218 551 o

TR R = B A VAV A BT B/ R A T

2,64 BRIGAEFIHEHESE FREUCEREFE D141 A
fE15g (2emX10 cm) 83% EAE, BL2 BV/h B
21 60 mL 424 0.6 g/mL MIZEHZR _EAER, L4tk
EABRAEET, AT 340, B 10 Z2FHUE 1 1, %
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x5 FRBFEBFHTREERRREDT. RELXERMRELRE (X ts5,n=3)
Table 5 Weight of extracts and loss of palmatine hydrochloride and dehydrocorydaline in different demising solvents ( X *s,
n=3)
e — HRE LT B
i & /mg PURH/% 2 & /mg BURH%

100 mL ;47K 0.62+0.03 0.4710.06 4.4410.59 0.824+0.18 1.214+0.26

80 mL 0.3% NaCl+20 mL 4K 0.8610.04 0.11£0.04 1.094+0.35 0.1840.08 0.2740.00

100 mL 10% 2./ 0.80+0.03 2.534+0.14 23.98+1.36 7.0210.64 10.394+0.95

Fo6 MRABRTMEHRSEMHE 4 MAKRESBFME (X Ls5,n=3)

Table 6 Effects of miscellaneous solvents on quality scores of total alkaloids and four kinds of monomers in CR (X *s, n=3)

‘ TR 5%
W Ze v : R ik
AR BREDT O WAREWM  EMRLE  EHETE
80 mL 0.1% NaCl+20 mL i 4fi7K 64.03+0.21 2.10+0.02 12.99+0.04 4.35+0.08 2.3440.21
80 mL 0.2% NaCl+20 mL 4tk 59.75+0.81 2.15+0.08 13.18+0.16 4.18+0.21 2.18+0.06
80 mL 0.3% NaCl+20 mL 4tk 73.40+1.89 2.25+0.03 13.27£0.19 4.38+0.06 2.561+0.24
100 mL #B4li/kK 72.88+1.16 2.28+0.07 13.90+0.63 4.36+0.36 2.27+0.36
No 5 Y = D N 2.0
TR, RV BRI &, #% HPLC I
% : A TLT s i b —o— I
VTR, B SRR T VT 5 e R 1]

o R 2~4. S5 R EIR, HAKHE N 40 mL
Ja, WA E R, IR RO 1R [ A
B o B B AN, [RIBE IR 40 mL (29 1.3 BV)
I KA E AR A R &

0.6
u 4
1E 0.4+
HE
B -
~
E 0.2
0 -
0 20 40 60 80 100
Bk A4 T AR R/ mL
2 HBaKRIRRIHLE (X £5,n=3)

Fig.2 Purity curve of ultrapure water (X £s, n=23)

—— R E T
—o— IR HT

0 '
0 20

40 60

R AR A /mL
3 BREBDITTRRESEXEFEMRFRLZ (X ts,n=3)
Fig. 3 Leakage curve of palmatine hydrochloride and

dehydrocorydaline (X £s, n=3)

ARy G TR /%

0 ¥ ¥ ¥ T T T b by

40 60
FR AR AR mL
4 EYHRERHSHREERL (X £s5,n=3)
Fig. 4 Loss rate curve of active component in solidified

substance (X £s, n=3)

2.6.5 VEMAETAHEES FREUEHLLFE D141
PR 15 ¢ (2emX 10 em) @35 AL, L2 BV/A &
F£ 60 mL “E2 0.6 g/mL IRERAZR AR, LA 40 mL
AR BRI, A 80%. 88%. 95%4
REAE NP, BEBARBUR SN 2 BV/h, #-FAT
3 fn. WUESVENR, & 10 ZJHUdE 1 Ik, HPLC
INGE 4 MLV SRR H BRI
GOR A 5~8. AR, 80%. 88%. 95%ZMF
X T R R L TRl S 5 e M BOR AR — B
80% LIFEXS SEHIR LK 5 IR H R Ve i ORI 5
7, 88% LI JL 95% LEEN TIEHER L F B AR
FEAR—3: 95%HEAE 170~180 mL (£ 6 BV) %t
TEARPREAVEM G 2. P, H&IEH 95%
LEE 180 mL (4] 6 BV) HEATHM.

2.6.6 VEiARRERHESE FREULHLFH) D141
PR 15 ¢ (2emX 10 em) #@3E EAE, L2 BV/A L
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Fig. 5 Leakage curve of palmatine hydrochloride (X *s,
n=3)
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Fig. 6 Leakage curve of dehydrocorydaline (X *s, n=23)
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Fig. 7 Leakage curve of tetrahydropalmatine (X s, n=3)
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Fig. 8 Leakage curve of corydaline (X £s, n =3)

FE 60 mL(Z) 2 BV)A:24 0.6 g/mL HIZEHHZR EAER,
PL 40 mL (£) 1.3 BV) B4iK/E MR, LL 180
mL (2] 6 BV) 95%ZBEAE e, seliiiatl
WEHIN 2. 3. 4BV/h, %VPAT 3 . WEXTE
JBLTR,  WUE 4 B2 B R AR 2 S Y s 2R %
. SRER, BT ER, R AL
IR ) e ¥ e I i B Ay BUBRIG, U AR EN 2
BV/h I}, ZE 2 A e (0 5 7 R R 5 R B it
o AE B BRI B 78 e I & 4 B R
91.26%F1 66.57%, 4 Tt B4 A= Vi i1 e 7 2 ) ot £
803 5N 101.204 2.06% CERER B2 55T 101.83%.
12.54% (A HEHD; 96.54%. 5.28% (AWK Z
)5 90.76%- 5.89% (IEHHZEH ). HutlifAFH
MEHIER 2 BV/h.

R B = alifb = SRR AR A3 TR i P AR R R AR bR K
53T
2.6.7 AL T MR AREUEE L) D141
PG 15 g (2emX10cm, FEbt 11 5) Wik FAE,
PL2 BV/h EFf 60 mL (292 BV), UL 1.3 BV 4l
IKAVE BT, BL 6 BV 95% ZEEAE Nk i 7571,
WAL, HETRATRE, HEAEMK
4 PRI R . FE L, SRR T,

GEREIR, R BV 4 PR R
RIBJAEIL D] 85% LA _bs FEBIZ B WoRd iR &4 Hf

x7T WIEREER (n=3)
Table 7 Results of verification test (n = 3)

Ak A BR %

4tk J5 BE U %

2R %

it g HRE AR EHER EHR BE BRE REE EHR EHR L BRE REK EfR ZHR

L xR OWER O ST E 4R OFR

Yo DY B 4R OWER O W ST
1 142 036 176 094 146 6825 201
2 70.91 1.92
3 6542 192

W 68.19 195

11.99 494 6.47 89.96 104.06
11.65 494 6.33
11.57 4.89 6.27 8852 10223 99.26 96.77 89.31
11.74 493 636 9093 10131 99.23 9599 89.31

100.20 9521 89.88
94.29 100.40 9823 9599 88.74
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EH 65%LL E .

2.6.8 JBOKRL: ik LFE. BRZs. BEBiHIER L
228, LLS. 10 T A ORI . 2 Sl FREL
AEFRUF [ D141 BHE 75150 g #yk EAE(REE T .
5~1:7), BL2BV/h EFf 2BV %) 0.6 g/mL [ 1
FE, LA 1.3 BV @B 27K/ENBRZRIER], LL 6 BV 95%

CEHAE VR, WERTE, K2 THRE TR
B, HEEEYI 4 R R R R R
G BRI 8. HREIR, AT ZHOK 5.
10 F5I, FrASHOSE B ZR G AL VDRI 4 b AR A A0
AIE RS R REIL B 85%LL by SERAZ B AW &
DAL R 65%LL b, TZENRE.

Fz8 MAKRAWLER (X s, n=3)
Table 8 Results of magnification test (X £s, n =3)

S ON FBR% JRE T E%
B B BRREDT BREAKER EHRIK EHRTR B HBREDT REALER SRR EHRTR

5 91.26+0.68 111.20£5.59 101.83+1.33 96.54+1.42 90.761+0.86 66.57+0.64 2.06+0.10 12.54+0.17 5.28%+0.09 5.89+0.04
10 93.37+4.95 94.65+5.52 93.00%5.33 98.11+0.45 101.91£1.07 65.90+3.30 1.91£0.09 12.24+0.56 5.46+0.07 6.60+0.14

3 iTie

HPLC vEEA M. m R BUE. mdkaf & m ik
M, ERTHRESTT. MEKERETEHAR A
RO A B s BRI YR L vk R,
TEI R /N R S s B R 3, T R T
R A — il e A R B I i . ARSI 2
4 HPLC Kfgth gkl thtaik, MR T 4 Fig

RCAR B SE R S LI &8, e R
s BT AT B PP S B e SR 1 DR R
AR M5

FERRPEGURE ik I 5 SE WA 28 A s ) 35

H, T EK S SRR AR, FERK
SHEOE R PR NE AR, semaillE g R, Bk
FA TG /KB B B R ISR B 4 R K 43 DRk 280k
PaiNE N

15 FREZG M E R &, H SR K I AR el
BN BRI P CAEAT ISR, SR KI5
XFFLHAT AT, B TR K 2R R B B 2%
BEE RV, WK i FRAEA B 5 IR R
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RAE T A IR TR B AT AR TR 2R AT T 2%

22, RAMERAREN 60 C, BT TEREN

60 C, T/ 24h.

Z L 2R, SV E RS 2] 65%

DA b, HIEHZR AV 4 Fh AR AR 3

RIPJREIL R 85% LA b, A2 5 FSF 2R HE

ZLZRGETEE, IR AiA A S R S A

S ik

[1] KeRZE, ¥ B, HZH, &F. &
(Q-maker) WF9L: HEHAZ I RIEO I
HHELZY, 2016, 47(9): 1458-1467.

[2] FHE, Rk EREHR OuE@. —ilm) AT
WA E R [J]. St BENERRRE, 2015, 29(8):
57-58.

3] &Y, & 35, F  H. EHRAEMESA RS K
FEEIT R 1] REREZGEET), 2017, 35(2):
299-302.

2 )i B bR B
EIRERTTT (1],



* 4310

¢ 3% Chinese Traditional and Herbal Drugs 35 49 % 25 18 #§ 2018 £ 9 A

[4]

(3]

(7]

S, T RGN AR I AE
;-E_{DU E [ WV I,

T & E OB FEEE
T Y BUAY R 1 AN
2016, 39(6): 990-994.
AR, AR IREUTE /D B N I Z R B0 1 5T
[D]. #LM: Wi K&, 2017.

KA. AR EVIIE -0 R KA BAE T [D].
Jent: bR AESRE, HEESREAR, ERRTE
2, 2014,

TebelE, 5k %, Bz, F. mEY R AE-UPLC-
Q-TOF-MS/MS 443 &3 il & %€ 1 % R L 058 iR i
BESERR [J]. hEELZ, 2016, 47(24): 4351-4356.

i, A, & . EHRSAEVBEE SGHRAL
RFITEER [0]. T 5IRR, 2015, 6(2): 110-113.

2 fh, HRHE, (£ %, & h 2 i g
B [J]. AR BR—RE AR, 2015, 1703):
648-654.

B, TEXR, & 6, % D101 BRIG5>
ALY ST BRI T BT [J]. hE 2, 2017,
48(16): 3342-3346.

fEEMg, B T KFLMR M s alifh & 4R 07 DL BE S AR
VR TERE A (1] P EBARRIEZ %, 2016, 33(6):
695-699.

A, HEX. KIRETUESR I N2 A4
[7]. A EERE, 2016, 35(5): 166-170.

X PR, R, ZEEE, % KFLIR B B TE R AR
W 45 a%éfEOaEF'E’Jr“ﬁﬁ [7]. FE 25, 2016, 47(15):
2764-2770.

[14]

[15]

[16]

[17]

(18]

(21]

(22]

Zhu S, Bo T, Wang X, et al. Separation of succinic acid
from aqueous solution by macroporous resin adsorption
[J]. J Chem Eng Data, 2016, 61(2): 856-864.

Zhao Y, Chen Z, Liu D, et al. Separation of flavonoids in
the leaves of Sophora japonica by macroporous
adsorption resin mixed-bed technology [J]. Pigm Resin
Technol, 2017, 46(3): 235-243.

Liu C, Liu R, Zhang P, ef al. Separation of capsaicin from
capsaicinoids resin
chromatography [J]. J Sep Sci, 2015, 38(23): 4141-4145.
OB M A&, EUAL & KRB RS A
KRB TR [ Iﬁ'uﬁéﬁ%'%llﬁﬁﬂ‘:, 2015, 30(7):
800-804.

BT, XSCUE, Trd, & KT e aiin g
REAMBLZHT [J]. EPI@Z“‘%%&, 2012, 20(9):
109-112.

DI, EE, BHEH, L EHPRA BRIl
W LZWIT [J]. N2 EEEZ, 2014, 25(1): 23-25.
IRENH, BB, IR, 45 JOHLR AR KL
JR4ifL T2 [J]. PR EL ST, 2013, 31(6):
1358-1361.

AR, £, om F, % R R4 E &
NEBAEWRK TZ 0. Bt 5IT Kk, 2017,
38(11): 85-91.

Z= R, B, sk RS R A B Atk A
RIS Rt (1] WoRAESEEZ, 2017, 13(1):
72-75.

by macroporous adsorption



