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1 ZE: BB R ERAT Paeonia lactiflora A2 FIFRAIAT Sk BLE 286 RGBAL PRI R Ak T 2. ik DIATAT. A5Z
PO T T A B T DL R AR S T R R R . B TR IS 20486, KAE— ARG H—E (overall
desirability, OD); PAFEHXES (], KRELG. ZEEARFBUE N IR IR 8 T 2540, 8 R SR -3V [ # OD 5
TESHZ RIMECEAEA, HEEATKERIRBNRAETZ, FHMTRIE. 7FRERRIEHE KL AR 5 AR 1, DLERE
AR R EFERRRIRE . AR BARREE RN T Z S8, R H 53 HAEA W IERZ BT s ib
PEGRLIL TZ, JEHHTIRIE. &R ASLERIEBMRIE T 2900 12 58 50%ZERE 2 ¥k, 4Kk 80 min; 3 IR L
iE) OD 4 2.61. 2.49, 2.57, RSD N 2.5%. LL D-101 BURSALK M AR2EA, 0.25 g/mL 253 EAE, ERARURE N 0.5
mL/min, FEHA 14, R EFEN3IBY, 2BV EETKERAR, 4BV 50%4EELL | mL/min ARG 3 KA T
IS T2 9 0.733 34 0.702 4. 0.729 7, RSD N 2.3%; HREH MEREN 74.17%, dibh BisdmEs 5N
59.85%. £EiIL fHBIMIREUNAML T2 mAHARE, WTRREATRR R AE s 1 s, AT Sl 1 2850 REH A .
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Study on preparation of monoterphene glycosides from the non-medicinal part-
rhizome of Paeonia lactiflora

MA Zhe, XIE Kai-li, GONG Mu-xin
School of Traditional Chinese Medicine, Capital Medical University, Beijing 100069, China

Abstract: Objective To optimize the extraction and purification process of active parts of monoterpene glycosides from the non-
medicinal part-rhizome of Paeonia lactiflora. Methods The contents of multiple components were used as indexes, including
monoterpenoid glycosides, such as paeoniflorin and albiflorin, and non-monoterphene glycosides components, such as benzoic acid
and gallic acid. The normalization method was used to obtain the overall desirability (OD). The extraction time, solid-to-liquid ratio
and ethanol volume fraction, as the key process parameters, were optimized through central composite design-response surface
methodology, and the results were verified. Based on the single factor tests used to determine the type of macroporous resin, the loading
volume flow rate, loading solution mass concentration, column diameter to height ratio, and elution volume flow rate were the key
process parameters for purification. Orthogonal design experiments that can investigate the interactions were used to optimize the
extraction liquid purification process and the results were verified. Results The optimal reflux extraction process of rhizome of P,
lactiflora was to extract twice with 12 times of 50% ethanol, 80 minutes eachtime. The OD values of three validation experiment were
2.61,2.49,2.57, and the RSD was 2.5%. D-101 macroporous adsorption resin was selected for the purification, 0.25 g/mL drug solution
was loaded, the sample volume flow rate was 0.5 mL/min, the diameter-to-height ratio was 1: 4, the maximum sample load was 3 BV,
2 BV deionized water was used for impurity removal, and 4 BV 50% ethanol was eluted at the volume flow rate of 1 mL/min. The

comprehensive scores of the three purification process verifications were 0.733 3, 0.702 4, 0.729 7, the RSD was 2.3%, and the total
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transfer rate of monoterpene glycosides was 74.17%, and the mass fraction of monoterpene glycosides in the purified product was

59.85%. Conclusion The optimum extraction process is efficient and steady, which can remove most of non-monoterpene glycosides

in the rhizome of P. lactiflora, and obtain the active fraction of the monoterpene glycosides in the rhizome of P. lactiflora.

Key words: rhizome of Paeonia lactiflora Pall.; central composite design-response surface methodology; extraction process;

purification process; macroporous resin; monoterpene glycosides; gallic acid; oxypaeoniflorin; albiflorin; paeoniflorin;

galloylpaeoniflorin; benzoic acid; benzoylpaeoniflorin; overall desirability
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2.1 HPLCERRPUEAKIZEIF THES B2
2.1.1 REXHSERISEE RBERIEET
g FAATZE . ATANERT . AT BT
AT RHIR. SRHREAT L 7 oo IR G,
R EEA AR E Y, 315 % TR 103.0 pg/mL.
AAATZGH 48.5 pg/mL. Aj 25 INEETFF 368.0 ug/mL.
AT 1122.8 pg/mL. & T AT 254 44.4 pg/mlL.
AR 41.6 pg/mL. KHFEATZH 54.0 pg/mL 7R
BB, AR BN R 2R RS
Xof B VTR

2.2 BERVE TR H R BRI Sk s A A
(L 10 Hif) 25¢g, BT 500 mL REEHAF, %M
B RRTEANE T A TIREL, hIEIHAE 60 CKIB
NURURIRAR R TCRER,  I0AE B S B I R I
REAZREIRE 1 g/mL, TGRS R4 25 58K
J¥ 0.01 g/mL VW, 0.45 um fFLIEMSERL, HULLE
W, RIS AL A

2.1.3 %A BN Kromasil 100-5 Cis A%
(250 mmX 4.6 mm, 5 um), FEIAHNLIE-0.1%00E
FRIKIST, BRFEWERL: 0~10min, 5%~ 13%Z;
10~25min, 13%~15%Z.}5; 25~~40 min, 15%~
18%Z.i: 40~45 min, 18%~20%Z.JI5;: 45~~50
min, 20%~50%Z. i ; 50~55 min, 50% i ; 55~
60 min, 50%~100%Z.fi%; 60~ 65 min, 100% £ JiF ;
PRARAE 1.0 mL/min, AP AK: 0~10 min, 275

nm; 10~18 min, 258 nm; 18~47 min, 230 nm;
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47~50 min, 280 nm; 50~~65 min, 230 nm; FEiE
N 25 °C, HEREE N 10 uL. FASESHRBEEA 25T
BAMET 2000, 7R AT RS S50 Ak LA 1.
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RTS8 MATHNT 3 ATAABRT 4-A4H S-RE
FTEEAH - KR T- KB H
1-gallic acid 2-oxypaeoniflorin  3-albiflorin  4-paeoniflorin  5-

galloylpaeoniflorin  6-benzoic acid 7-benzoylpaeoniflorin

1 BEXERR (A) 5%%#& (B) A HPLC E
Fig. 1 HPLC of mixed reference substances (A) and

rhizome of Paeonia lactiflora sample (B)

2.1.4 FRAEMIZR KR METERE % “2.1.37 OUN S
S E, LA Ay i I 0 ARV E N AL AR (1),
Xof I i R 25 B A B o B R B AR R AR bR (X0, 22|
PRERTZR, TFEAREIATRE, S5R IR 1. RFAK
BT E & F T 2 RAFZRPE R R

2.1.5 KEEEERE IR AT IR B RE 2 65,
s 2 W R T i TR A W BB S VAT 10w, kit
FE6 R, % “2.1.37 WUNEGKMAFNE, FHitES
BT I THIAR ) RSD H, W& TR AMATAH . 7~
ZNERE . ATAH . WETEATAE. KRR, X
R 265 R I T AR ) RSD B 23 3N 0.26%- 0.27%-
0.22%- 0.38%- 0.20%- 0.40%- 0.35%, %)W
B RSD /T 2.0%, I A KE % B R UTS
2.1.6 EEMRALE RS REUE—ATRLEERW 6 47,
3R 2.1.27 TR Jy v A B VA, 542,137
TR A 2 I, TR o) B4y L RSD
B, ET]®R. ENATHE. AANESE. A2,

F1THROMEMEEEASE. BXAY ) REMERE

Table 1 Linear regression equation, correlation coefficient (r), and linear range of seven components

D% EVEpy r 2R Mk /(ug-mL )
BETR Y=3.355X10% X+28.45 0.999 3 3.21~103.00
SR Y=1204X10° X+5.331 0.999 8 1.52~48.50
AJL N BEE Y=1.139X 10% X+24.45 1.000 0 11.50~368.00
AJUHE Y=1.329X 103 X+124.1 0.999 6 35.09~1 123.00
WETIRATAH Y=1.762X 10> X+5.698 0.999 3 1.39~44.40
R Y=5.159 X 10% X+45.58 0.999 0 1.30~41.60
R RS 2454 Y=2.438X10% X+15.43 0.999 2 1.69~54.00

WETEATE .. KHER. K ERAT 255 I AR 1)
RSD 1H 735N 1.4% 2.7%. 2.6% 2.7%- 3.0%-
2.3%- 2.9%, &GRS RSD 37T 3%,
KFZ T EERIER I

2.1.7 RoEtEaEe  BOE AR I, ik
“2.1.37 WUNEZM4T 0. 24 4. 64 8. 12, 24,
36 48 h HEHE, THE S R IETRIAR ) RSD 1, WE
TR, BMATHE . AJANRRE . ATAE. BET
FEATZH . KR . X H RS 245 H g AR ) RSD {H
3N 0.97%-2.73%-0.30%-+ 0.73%- 0.89%- 0.48%-
0.35%, &0 1E 48 h NI AR RSD 3/ T 3%,
AL R RAE 48 h WHRE

2.1.8  IFEEICRIRES  REEFRE 1.25 g FEABR
6 1, 3 AR NSRS & A S EAH S0
FE, $% 2,127 TR A IESRIUEE S, 0.45 um i

FLUEME T, SE8Ta% “2.1.37 Wi R (i & h e,
THEASH 7 R B TR ANATAH . AHN
BeEr. ~AJ2hH . WETRAAHE .. KPR, KPP
AJETH -3 I U 2 73 301l R 101.6%- 103.0%
99.3%. 102.3%-. 126.7%- 102.3%-. 98.68%, RSD 4}
BN 1.3% 1.2%- 2.7%- 1.8%- 1.5%- 1.6%- 1.8%,
BIFF AR
22 AP ERTEERNE

FEEFRE 4 3 ~7kdmky G 60 Hif) £70.1 g,
AN 10%- 30%. 50%- 70%Z 0 50 mL, FR5E
i, R 1h, AEHEHNEFRE, i 0.45um
TALUERE SRS, BUERUEM, 4% “2.1.37 TR ik
e, HHEE RS SR BT AR B R
PR & B AN, DR E T EAT Sk &

v PO =N
B
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D45 S50 FH AT Sk o & B4 10 5 B 93 5093 3 R
BE T 8.110 mg/g. AMATZH 1.044 mg/g. A%
WBRE 1031 mg/g. AjZ5H 42.24 mg/g. & E T
AJUTE 3.061 mg/g. ARHR 2.121 mg/g. KH AT
2451F 1.446 mg/g.
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231 HRFEERWSLEH AR 456 AR FRIURAH K
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2, FELAPRBORE BN, BREEL . A 2
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B, B 5 i e B SR A T AN R i b f 42
B, PR 2 RIS B BUBCR L T4 1 IR 3 IR
A, RBURASA 1.5, 2.0 h BB AT B
PETHEE1.0. 2.5h; BREEA 16 F11 0 10 BT
FERUSCRAGE HIS LT 10 14 B, BHREEA 10 14
IR BRI BT 10 20, BHBEL/NT 12 6 IFHE
R ME LT 55 25005 70% £ 42 BUSOR s & T
50%. 0%, HE R T 40%. 60%. 80%.E,
% 18 B LT AR FA 3 B v o W S 3 0 K AR R I )
FREURAS, DR 4 T R S BARAR AR S B 2
RITZ,
232 RAWHRIGET T 7R AR DR E S )
Efik B AT ST 10 H & R ERE 2 K.
A 7 FREUT ] (XD BRREE (X)) SR
TR (X3 3 AN EEER 2%, SR [8] AR AR B 5
1h#12.5h, BHELCHIBERERN 16 811 14,
LR B BIRABE T 7€ N 30%H1 60%, PRI FI7K
PR 2, REEUTVEN “2.1.27 T,
2.3.3 B il PL 7 PR &
(V) YEJ9¥6¥5, FH Hassan 2255 & IE [ RS> (AL
ATUIH . ATAIABRE . AT BB TEHATAE .
RHBEATZE) LA R RS QR B TRRAZE R
P2 BCR AT H— A B AF 2)H —1H (dmin) A
*2 ESRHRBEZEKTE

Table 2 Factors and levels of central composite design

K Xi/h X2 X3/%
-1.682 1.00 1:6.0 30
-1 1.32 1:77 36

0 1.75 1:10.0 45
+1 2.18 1:123 54
+1.682 2.50 1:14.0 60

(dmax) 137,

Y=cnVim

dmin= (Ymax— Y7)/(Ymax— Ymin)

dmax=(Yi— Ymin)/(Ymax— Ymin)

Y Nk & R SR (mg/g), ¢ AR TR & R
JFARRE (mg/mL), n NFEAEEL, vV RE SRR (mL),
m AR AR SRR ()

HR A AT Sk 32 B v 25 1 o 1 5 = L 481 dE AT
WA, 25 A EE R ) HIRN | we7=0.075,
k sunze=0.05, &k wzpme=0.20, k 4z56=0.50, kue
sz =0.05, k wrw=0.075, k xomsze=0.05. %
JR A VA — {8 5 A A EE 2R HOR AN A 45 2 0PI
—f{E (OD), B S&isei5as 1k 3.

OD=0.075 d wearmt0.050 d suwrzms+0.200 d wzmpms+
0.500 d %2+ +0.050 d wermezn+0.075 d st 0.050 d smmze
2.3.4 FMALAE KA Design-expert FUH % Hdf 3t
T BIA TR SN, A fE: OD=
2.36—0.042 X;+0.21 X2+0.40 X3+0.017 X; Xo+
0.010 X1.X340.066 X2X3—0.023 X;2—0.16 X2—0.25
X32o RHERIEAT T 2o, SR 4, KL
3. FAY P{E<<0.005 (783D, KUK P>
0.05 (ZERAEE), RFIZHEAI SRR, T
TR KAE N X1=1.35h, Xo=1:11.79, C=54.00%
i, OD K, 4 2.61. FEE|SLPRA =50, KAk
IR EL R A e NP EU ] (X)) =80 min, KHE L
(X)) =1:12, LEMHESE (X5 =50%.

2.3.5 AERL IR “2.3.47 Wik &R
3 25 ¢ A5k, W 7 Mdetami & &, JEtHE
OD fH, &5 W% 5. 193] OD 1H 737K 2.61. 2.49.
2.57, RSD N 2.5%. SLhnEH5H G721 OD
TRIE 2.61 AHEGER, PRI IEAR—EL, UiB BT LI
RGBT 1 R A

24 @I ZHMEML

241 BFEMSIS B 25 g AN, R
“2.3.47 WA I ARAG SR AR I, FREGBIRYE 5 oK E
BRI

242 KAWIRR S fE L8 b SCmikaE! 21,
Wi T A ImIE M g A 9%: D-101. HP-20. HPD-
500. AB-8. NKA-9. S-8 I AFLHfIs.

(1) ERAEWAI S B AL BT i 5 A 5
P E FH B8 4RI 3R T K 4, - IFRE 2.0 g, B
FHIEHEIS, AN 5 mL £5 7oK HRE,
FRSEINN 10 mL A7 k3R (424 0.25 g/mL),
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Table 3 Results of central composite design

RSB/ (mg-g™)

RS xih X2 X3/% oD
WETER AN g4E ~NAATEE AAE RETEAYAE FRPR RKEBATAYE
1 132 77 36 2.17 0.55 9.23 28.61 0.76 0.90 0.88 1.26
2 218 7.7 36 243 0.55 10.06 30.53 0.79 1.09 0.94 1.13
3132 123 36 2.44 0.62 10.52 32.56 0.81 1.08 0.92 1.48
4 218 123 36 2.55 0.73 11.93 3437 0.88 1.28 1.11 2.03
5 132 77 54 1.51 0.60 9.18 28.87 0.74 0.89 0.86 1.73
6 218 77 54 1.55 0.55 10.29 32.75 0.76 0.90 1.00 2.24
7 132 123 54 1.81 0.75 11.44 34.65 0.86 1.06 1.07 2.82
8 218 123 54 1.70 0.60 11.24 36.03 0.86 1.00 1.08 2.80
9  1.03 100 45 1.79 0.74 11.19 33.17 0.83 0.96 1.02 2.72
10 247 100 45 1.67 0.55 10.11 30.75 0.76 0.90 0.91 1.83
11 175 6.1 45 1.87 0.61 10.52 31.35 0.81 1.07 0.97 1.86
12 175 139 45 1.78 0.50 10.27 31.97 0.80 0.94 0.95 1.89
13 175 10.0 30 2.68 0.60 10.37 31.25 0.81 1.17 0.96 1.11
14 175 100 60 1.79 0.58 10.06 31.93 0.82 0.93 0.95 2.13
15 175 10.0 45 221 0.54 10.76 33.77 0.84 1.04 1.08 2.52
16 175 10.0 45 2.10 0.69 10.87 33.57 0.88 1.12 1.03 2.28
17 175 10.0 45 2.09 0.70 10.86 33.68 0.86 1.15 1.08 2.30
18 175 10.0 45 2.13 0.73 11.25 33.84 0.86 1.10 1.13 2.54
19 175 10.0 45 2.09 0.68 10.75 31.80 0.81 1.08 1.03 1.99
20 175 100 45 2.18 0.74 11.38 34.50 0.88 1.16 1.13 2.55
F4 ERZtRBAES
Table 4 Analysis of variance

HERE  PHM AHE B FiE P |AZEKRIE FHM BHHE  BHH Ffi PfA
R 4.000 9 0.440 3.280 0.0392| X;2 7.561X1073 1 7.561X107° 0.056 0.818 1
Xi 0.024 1 0.024 0.180 0.681 8| X»? 0.390 1 0390 2.850 0.1226
X 0.580 1 0.580 4.280 0.0653| X32 0.930 1 0930 6.850 0.025 7
X3 2.140 1 2.140 15.810 0.002 6| &z 1.360 10 0.140

XiXo  2381X103 1 2.381X107° 0.018 0.8972| RII 1.120 5 0.220 4.690 0.057 5
XX 8343X10* 1 8343X107* 6.152X1073 0.939 0| 4EiE%  0.240 5 0.048

X2X3  0.035 1 0.035 0.260 0.6239] RZEFM 5350 19

£3k% 8 h A 5 min, 24 h J5HhE, FFLL 100 mL 22
B KRG, BB EHMERGH G ERR
250 mL /E NI G, 3% “2.1.37 TR i 2% 14
o MR I 50% ABEA W 80 mL, K% 8 h
EEFEPRSN Smin, 24 h J5HIE, FEH 50% L BERE,
IS AN BRI A FE G w52 250 mL B AR,
& “2.1.37 TN EAIEAAFINE . BP0 5 AR R
W SE SR ZEVE > 2 F0,  FR AR B 280 7 Fi

AR ERTE S 73 7 5 B W B 22 L IR S TR
FHE R85 AR S 3 CIE B 1 2R i A RN 170
PR, AT, s R IE 6.

FSRMR (1) =1—C1/CoVo

B SRR (R =CaVa/(CoVo—CiV1)

F AP I =—0.075 A e+ 0.050 A suserszie +0.200
A sz +0.500 A #5254 0.050 A s s —0.075 A xmmt-0.050

A gmmrz



FED 20214E1 8 $52% B2 Chinese Traditional and Herbal Drugs 2021 January Vol. 52 No. 2 +391-

e . L;;__‘___A
—745.0 8.84

5.0
> S X3/%
208390 Xo/% x, 1116

39,0

Xi/h

A-SRIUN [R)FURHE X R HOBCREE M B-HR U 1) A 2 BEAR R 23 RO SR ECBCR M C-RHR HLAN 2B AR AR 23 Bonh R HUSCR S
A-the effect of extraction time and solid-to-liquid ratio on the extraction B-the effect of extraction time and ethanol concentration on the

extraction C-the effect of solid-to-liquid ratio and ethanol concentration on the extraction

B2 EUREEFIREETE. BHREL. ZERAFRD R BRI

Fig.2 Effect of extraction time, solid-to-liquid ratio and ethanol concentration on extraction

x5 BRMIZHIEXBER

Table 5 Results of verification tests of extraction process

FUE B/ (mg-g™)

‘oA
s WETER  AWAHE AJANRE N%E RETRAIAYE  RFR REBATAE op
1 1.93 0.76 11.15 34.09 0.90 1.18 1.11 2.61
2 1.99 0.76 11.46 34.12 0.89 1.18 1.08 2.49
3 1.96 0.77 11.48 34.11 0.90 1.18 1.08 2.57
FEME 1.96 0.76 11.36 34.11 0.90 1.18 1.09 2.56

R 6 6 MARFLMAERIRRSIRPISEIE TSy
Table 6 Scores of six kinds of macroporous resins in static

adsorption experiment

MARFRS RSPy ERAMIROES S
D-101 0.668 2 0.663 3 13315
HP-20 0.368 4 0.669 0 1.037 4
HPD-500 0.360 8 0.684 9 1.045 7
S-8 0.396 7 0.1517 0.548 4
AB-8 0.556 6 0.6615 1218 1
NKA-9 0.2728 0.710 6 0.983 4

F SRR 4> =—0.075 Rzt 7o +0.050 R sggerszse +0.200
R st 0.500 R 555 +0.050 R sz e raiszsis—0.075 R s +0.050
R swmrzi

MPEIr =FR SR P 2P0 + RS AR 3T 5
Co NIFHH & oY TREIRE, C B G 5 By I
BIREE, Co AR & B R, Vo NIEERETR,
Vi N R RARER, V2 ARG AR AR

SREW, 6 MW IEFH LAV B 2R
PRSI D-101, H 2 KRFLM/E AB-8. HPD-
500, HP-20 Fil NKA-9, #iEik S-8 ZUKFLM i, K
FH A 5 Tl IE 2R A7 BN AR 5 52

(2) ZhAWR 5L BRIFEREAS (1) (il At (L
% 1.5cm, K 30cm), /a2 N ik 5 MR 10
mL, BUATSLHEER (2E25 0.25 g/mL) %% 20 mL, 47
HILL 1 mL/min (ARG E EAE, S5 50 mL 258
TR, R 10%. 30%. 50%- 70%- 95%
LIES 30 mL e, VeMUARRI =N 1 mL/min, %
ASCER S B, LB /K ERE 250 mL,
A #5153 B W [R) MR B2 2 BV 45 22 100 mL,
% “2.1.37 WU EGKAFNE . b 5 MpAlS AL
WG Bh A& e Bl 3R AT 5B, VR T A
“2337 T, SERIE T,

BIEWME (W) =(CoVo— CaVa—C3V3)/CoVo

BRI B CTE RNV (W) =CaVal CoVo

BBEBLR (W ) =Wiows+ Waow+ Wsows~+ Waow+ Wosv
Co NIF W& B REIREE, Ca v LR it i
BRI REIREE, C JyKBE & Ry RERE, CoN
FARTR B O BEE IR P & oy TR IR, Vo R
o V2 R EREIR S U VAR, Vs K BEBARR, vl
IR E TS AR

LrEH BT FARMEE R, EH D-101. AB-
8 2 P NRIEAT It —20 5. [FII &I D-101.
AB-82 TR fiR, 4 OREAATR T BURT 50%)5, L
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®T 5 MAILKAERITNS M SEIE B HEAR R 2 IR R A SRR R R R EITS

Table 7 Adsorption rate, total elution rate and overall score of each index component in five kinds of macroporous resin in

dynamic adsorption experiment

T |
BiR% — \ Gty
BT RIS SAANT LT RETRALT  KTE RTRAAT
D-101 5 52 91 87 98 78 100 0.679 8
HP-20 6 21 70 64 92 80 100 0.5020
HPD-500 7 47 68 66 100 100 100 0.509 3
AB-8 11 51 92 88 100 81 100 0.680 5
NKA-9 12 53 67 64 100 100 100 0.496 5
BiH% — : PR Gty
BETR  RAAHE  AHANT AGT RETRALE KM APRAAE
D-101 1 44 87 87 98 76 100 0.672 3
HP-20 0 21 65 62 91 76 100 0.4890
HPD-500 2 29 65 65 96 94 100 0.4955
AB-8 0 31 88 85 98 74 100 0.660 0
NKA-9 1 11 60 59 95 95 100 0.446 0

ATUTE . ATETE . AJAABETE . B TEATAE S
KB A S Be M AR, R b J 825 560 1%
50% L BEHAT YR -

243 K EFEEMIE  BURFERURS 0 A
(Hf# 1.5 ecm, K30 cm) 2, 251% N D-101.
AB-8 KILWHES 10 mL, BUATSk3RBGR (425 0.25
g/mL) Z3HILL 1 mL/min AR FRI G i AR AE
5y BORAETR B 2 5 2 25 mL A AW G, BT
50mL & 10 mL W88 1 &, BUJE%E 5 mL 8 11X,
% “2.1.37 TR ERE KRN E . KILD-101 MG E
FEZ 4 BV B, AjZNBEH AT H CEIT I B
MgE, Kk K EFEE N 3 BV, AB-8 Wl LAEE
3BV I, A2 B HRIATZ5H O B BT ah itz
Rt K EREEN 2BV, FL, %8 D-101 KFLH
JE XS AT kAR HUA AT 4K, o

244 AT ZRREREBLIRT 4G AR
WA TR R, #fe AR 2 AR m b
R R . PR R BRI A
FHRFRSLIG R R, I & R R VG R T 55
GERRIL, N T RERMFRGWE R8N, BE
WSS, M 20 mL KERZ%, 40 mL 50% Z.1%
HEATVEL . AR LN 1 0 4 I, Aifb SUR A, H
W B R AP R Y AR e 110 T T
TE— VO Bl A, b AR O R N B A R R R T
{HREIRE LN PR AR, DR 5 825k

I6EFE 0.25. 0.5g/mL. fE—EBHE M, EREAFIR
SN A SO R, (H BRI R 8 S T B
ARG, PRk, A% 0.5 mL/min _EFEARFR
M. TEFTIERMPEMARR RS, M BARFR
&4 1 mL/min /% 0.75 mL/min I 2040 SR8
2.4.5 [EASRE  7E “2.4.47 TS LA i
E T alifh T2 & sema H Ve B I RN, 5RE FRER
JREWRE (A 5 EREBRE (B) B A HAE
., 4 ERERUR BRI, EREIS R 5 AR,
NI 20 AE I TR) SR RO, BRIk, SR T % %2
R HAE R IER IR R Le(@?) 47 4k T2 1 i
i, SIS wHENER 8, HE 3R, YElRITHE AR
A “2.4.27 T, ZRE VP45 BRI 2 5 A0 B R AL
REAR M, THETTER “2.3.37 T,
ZERLE 9, KM SPSS 16.0 #Atxt4h BikeT
T EH, BERIE 10, ATLLEH, HliAfiE
(O fMfEE L (D) 2 R alifbst B EA B &R
Wi, P2 EEERT A C>D>B>A>AXB, HiF
FREZAE N ABICaD,, BIY BRE R EIRE NAEZ
#*8 EXRBERKT

Table 8 Factors and levels of orthogonal tests

B3
K : :
A/(gmL™") B/(mL-min™") C/(mL-min") D
1 0.25 0.5 0.75 1:10
2 0.50 1.0 1.00 1:4
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F*9 EXRWEITRER (n=3)
Table 9 Design and results of orthogonal tests (rn = 3)
R A B AXB C FH T H D LAV

1 1 1 1 1 1 1 1 0.534 8 0.540 1 0.5825

2 1 1 1 2 2 2 2 0.682 8 0.697 6 0.723 6

3 1 2 2 1 1 2 2 0.605 5 0.604 3 0.6214

4 1 2 2 2 2 1 1 0.607 0 0.609 4 0.625 1

5 2 1 2 1 2 1 2 0.713 8 0.630 1 0.646 3

6 2 1 2 2 1 2 1 0.706 2 0.634 8 0.653 4

7 2 2 1 1 2 2 1 0.673 6 0.5818 0.607 4
£10 EXRBAENH 0.25g/mL, FFARFIEN 0.5 mL/min, P4
Table 10 Analysis of variance Oﬁ%j\j 1 mL/min, ﬁ%%tlﬁj\j 1:4 Hﬂ'?@’f{%{%ﬂ%ﬁ?o
KR PR BHE ¥J5 o FE BEN LA VRS =0.075 W wern+0.050 W sz 0.200
WIERA!  0.028" 5 0.006 3.121 0.033 W s 10.500 W sz 40.050 W s +0.075 W osnst

e 9.591 1 9.591 5.398X10° 0.000 0.050 W smerszsir

A 0.004 1 0.004 2.166 0.158 2.4.6 IGAESZEG  fRER “2.4.57 T At gk
B 0.004 1 0.004 2.400 0.139 fRaifl 3 AT SARIOR, BEMtZ AR “3.2.3”7
AXB 0.001 1 0.001 0.476 0.499 W, Vel g avbor Wk 11, ZREvWnanalh
C 0.010 1 0010 5.605 0.029 0.7333. 0.7024. 0.7297, RSD N 2.3%. LAEwA)
D 0.009 1 0.009 4.960 0.039 SLAA S i & a0 B AT Sk TR S B S R
R 0032 18  0.002 HERER, A SR E RN “2.27 O, 3K
A 9.651 24 HE RPN & TR 0.28%. %
RIEfM&AA 0060 23 WATZH 36.32%. AJAREH 121.95%. Aj25H

*R2=0.464 (adjusted R2=0.316)

66.34%. WE TN 35.35% R HR 38.58%-

F1 AUEHESIE R R

Table 11 Elution rate of each component in purification verification test

e Velli = /% e
5’:%—? Y N f= S S b S Y S i N e A éi = -I/Elzﬁ
BETER SWNAHE AAARE ASH RETEAAE O RKHR EFEAISHE
1 1.00 72.94 94.51 93.47 113.24 68.22 71.57 0.733 3
2 0.96 69.63 94.15 89.41 103.56 67.71 64.01 0.702 4
3 0.95 71.32 97.15 92.96 106.60 68.52 67.61 0.729 7
FRIME 0.97 71.30 95.27 91.95 107.80 68.15 67.73 0.721 8

KHEFRATAE 71.77% BB 74.17%. 2
ED Al fa o Bl 5 0 B 59.85%, 2K H
TR B 0N 1.14%, WE TR ESECN 0.03%.
3 g

AT R R IR IR iR S, SR
AR AP BT ROV RS IRy, IR
S E N e R L S N RN (=F vake N R [2115% = K e
5. ATHNERT . AT R TN AR
M RA R, RETHATAHFREGE. It

0 B G % T AR F 24, 3K 5 o) A2 IE R A

TEWELE S, LEEARFR D HCN 60% 0T 2 HUMER
BN 50% % T0%357, 30T IR R 4R br il 1 %
B ANEATE, R AR R A 25 SR BUSCR 1)
KAEEM A, FERIGIFEY, YRR BIET
40%0, S HILREZRYI, SFEUSSHLIEHAE,
PN KA S AR B O REANTE B, R AN
1 FHl 60% 2. % .

EELA T 2R, SRHGRKR AR 2 o Rk I K
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ERE 1gmL 5, ABSADVFITE, FAEM
IKFRRE LM R IR SR Ul b, BRI AR
WG LR S E D EUUNE, (B B DO i
N Ji 458 S P R It S5 R T [

KARA T ZRB R TRESERN
36.8%, FLEH KA TR HUN 12.86%, HILT
Btk . SR R4 B AT I
(R FLI B R 2 AR E R, R TR 23U
HHBER S . ARSI, SRA 2 BV KA
W Ry 2 BESE AR R Be e, BABEL R D EAT 2
o MR 50% 8, 70% £ R H R ALK H
TRAT 2 AP XS AR 5 Fl B 7 BB 2R LA AR, 1
KRBT SS, REBATAE RS BT A
N BEEERIATZGE, Rk, N T REREATH NS
T AIAT 2487 (1 B Mt e 0 1 PR AS, 1+ T 50%
AT R . STk S AT SR 2tk T2,
W UATAT R R, AR BTEBR. BER/R
LRFAERVEM IR, FTERIRRAit &, R
mN 1D 7~1 010, R B RE N 0.5
g/mL, A 0.1. 02. 1.0 g/mL; EFAKFIRE N
24~5BV/, WEAERGERN 2~7BV/Mh, AL
BR UL /s VR RERIRE AL, BE 5 B AR &
A ARFUR B4 BN 9. 18 BV/h, Al At STk %
St K. SEIRIS AR, PRAR R R R R
HEEEBRR S, RN, X AR
AR B2 R E 2 —. BRibz 4h, #5r
SCHER A BB HEAT B O A B S Bk AT Ak, AT
RE R 1 R S0 45 R 72 (1 R A

AJLTEFIAT 2 BN AT TR B & S
(1) 2 MRSy, P NI i . A ORAT A
R I AR, ATAEERT 80 C. btk
B KW SGRRIE DL R AR A BEARRS2T), [
A5 2 IR Y- G 285 46 ] 5 9 55 R 1) B R A TR
LG BB ARS . AT SR EUH IS A 50% LB, 6
T 80 C, R IR [ R BE AR IR 60 °C LA
T, KA, AR EA AT oW, BE
90 R I3 I FAME ) S5 B AT A AT 24 Y R
B TAEMP), ARSI RATA TR R MK, AT
NERH R E LT 100% I 5358,
AT RIAT 245 A TR E — 58 2140 T T A ELAR 4010,
VR AR ZH FT I 2 AT AL R AT 25 AN AT 2 BRI
B, RITE 3 AN AT R SAF AT 2
BT R, TRAC T BT AT 25 R T

FON, YOI EF =] e R AT A A AT 2
WEEEF, DR 2 s R 284 I S
ZE. W H Rr AR R T2 R Al s R 2
ME BATZ A B AT 2 AR ok, AT ok
HHATA R REN KT 71.70%.

M2 AR NAT Sk Fp S EUS BRRE A
RSSO i & T EBRaE . w47, NAATAEZ
R RIRHE T2, FRAK T BT 5ms G R0 AL
FEHUS R RCA, 5 TARIN, ARITath
2P AT RESE R R

RBAR AR ERRAEF B R
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