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Study on purification of total flavonoids from Litchi Semen by macroporous resin
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Abstract: Objective To screen the macroporous adsorption resin suitable for the separation and purification of total flavonoids from
Litchi Semen, and the purification process parameters were established to prepare the total flavonoids of Litchi Semen in accordance
with the requirements of effective parts of Chinese materia medica, which laid the foundation for the development of the total
flavonoids of Litchi Semen into five new Chinese medicines. Methods The macroporous adsorption resin for purifying the total
flavonoids of Litchi Semen by static adsorption-elution test was used. Based on the single factor test, the comprehensive score of
adsorption rate was used as the index to investigate the volume fraction of ethanol, the mass concentration of the sample, and the
sample solution pH, diameter to height ratio, upper column volume, upper column flow rate, eluent concentration, eluent volume and
elution flow rate on the purification process, and determine the optimal purification process parameters. Results The best process
condition for separating the total flavonoids of Litchi Semen by AB-8 macroporous adsorption resin were as follows: the mass ratio of
resin to medicinal material was 3:1, the concentration of the upper column sample solution was 4—6 mg/mL, sample flow rate was 1
mL/min, and the upper column volume was 2 BV, diameter to height ratio was 1 . 12, pH of the sample solution was 2, first impurity
removal by 20% ethanol 3 BV, and using 60% ethanol 3 BV for elution, elution flow rate was 4 mL/min. Conclusion AB-8

macroporous resin can be used to purify the total flavonoids of Litchi Semen under the established technological conditions. The mass
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fraction of total flavonoids in Litchi Semen increased from 29.22% to an average of 67.37%, and the solid content decreased from 1.25 g

to 0.40 g. It indicates that the established purification process is stable and feasible, and can be used as a purification process condition

for total flavonoids of Litchi Semen.

Key words: Litchi Semen; proanthocyanidin A2; macroporous adsorption resin; purification process; total flavonoids; single factor
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P BAZ N T B TR (Aspindaceae) ) 7 B
Litchi chinensis Sonn. [ EREF T, X271,
¥ K#HW, £ (CRENH) ShiEhaicE,
JOMER, wRHE, e, ERE. B, ThRUTAHESS .
FEIE IR . IR FLRE, 7% S & i s
FERIMZE . A HLRRFNE I IR RS =, BA R
gk, FMmAE. bR, BTk, PiME. PrE s
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1 UES5HH

UV-2550 BEAM 360 EA, H A Shimadzu
A F]; MS105DU HLF-43 41 KT, Hii -+ Mettler Toledo
AF]; THZ-82A KIVHIRE G 2%, &Iz AEH =
IX#%) s RE-5210A Jigdhz& ks, Bl oRAAAY
#75 101-3-BS-11 R AAVE ST 48, LRt
BRITARMk) s 6202 mydUR RN, R 2 kA PR
/A#]; HPD100. HPD300. HPD600. HPD800. X5-
D4006. NKA-II. D101. D3520. HP-20. AB-8 %!
KALI AR, by = B TH R A .

e, 2018 4F 8 AT PaR Ay, FEH,
FERPRHAZT 60 CHF. &) b2y K
RTINS N E TR (Aspindaceae) 1H
Y7 M JE 4 4 Litchi chinensis Sonn. HT-J& 5 2 Fh
T, B4 (LZH201809) {RAFAE Hh 24 [F 4 1) 70 sl itk
HFAREZR TR A O JFAET R A2 M, #it
5 PS010652, JRES$1>98.0%, WAT R#HE B A
VIR ARA R ACHBAIK, HpRAh
sriTat
2 FEEHER
2.1 HEZREENSENE
211 FHEEIARIGECH]  BURTEE R A2 XTI

2110 mg, FEHEME, HPEHEMIFEESE 10 mL
PRI, BoH i E RN 1.00 mg/mL R
VA, T AR, O R IR ALY 04 10,
25. 50, 100, 150. 200 pg/mL ] 2 4%} B 5
#H

2.1.2 AR IECH] SRR (d—5
i) 291 g, FEERE, H 50 mL50%HEE 90 Clal
WAL 30 min, EHJEL, B 1 mL EHZE 25 mL
B, 5.

2.1.3 BERPEES]  10%0 R E R : B
TRRREREL 2] 10 g, KE%FE, H 2 mol/L HCI 1
HERSE 100mL, U7,

RSN EBOETEE, WKERR. 10%mE
BRI DMAFR L 83 1 6 ¢ 1 IRAHES], &I,
214 JRTEH R A2 PREIIZRR L H] ORI A
[ R BRI P G IR A 1.0 mL T 10 mL B &
i, N 9.0 mL WA NI, ZERETIHES, B
TV A A 40 min J5, SCEPECH, FHUK/KA 2D
5min, U, MEE=EERE CKZ 15 min), 7E 550
nm AL A KR E, e WOEEEE (Asso) U7,
2] Asso fH-FRAETT & A2 RERErEliZ (&8
BEEERE), BEIAGRE Y=0.004 X+0.014 2, r=
0.999 6, ZERFEMFILFH R A2 7£ 25~200 pg/mL
LMERRRILT
2.1.5 FEEEEER  RERAAERIER 1.0 mL
T 10 mL BZERE S, 4% “2.1.47 DT k)G
ME Asso, “FATME 6 X, Asso{H 731 0.190+ 0.189
0.189. 0.189. 0.189. 0.189, RSD A 0.216%, #*
WA G 2 R
2.1.6 HEEMELR Wbtk R 0I5 2
1 g, MM E, 3L 6 4, A 50%HEE 50 mL T 90 C
[ FEH 30 min, 2 #UdJE, B 1.0 mL & 28 % 25 mL
BA, REERIAEA S ER 1.0 mL T 10 mL B
FERE R, % “2.1.47 R EAE S Asso (H
AN 02214 0.225. 0.222. 0.220. 0.220. 0.207,
RSD v 2.848%, B % &k 3 Rl ot & 73 5053 il
64.625.65.875.64.938.64.313.64.313.60.250 mg/g,
SRR BN 64.052 mg/g, RSD N 3.046%, %
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BT S R AT M TR 24 h, JEIE, WHERIERINE, THE&

2.1.7 REMEES FEEWI 1.0 mL A E R
F 10 mL A EREF, $& “2.1.47 IR kS,
M7E 10 h P Asso, BT 3 h &R 30 min & 1 1K Asso
3hJE, B/NEGE 1 IR Asso, FEIE 14 K, 5
RSD 4 1.381%, FIAMLKSERLE 10 h AR E
R4f.
2.1.8 IIFEREIUREREFEL W EZH R GE—5 %)
210.5 g, REEME, 64y, AIMALL 50%
FRBCHI 0 R AETE = A2 IR (FEIREE N 1.077
mg/mL) ¥ 50 mL F 90 ‘CAJi#EH 30 min, &
PadE, B 1.0 mL AR 25 mL &4, %R
“2.1.47 TR A G E Asso, THE-FIRIE
N 96.31%, RSD N 2.33%, &5 R FIA T F
RAF.
2.2 EHREEIE

2o BT W R S R B T 2 E S
B Rz AR GE—5 ) 21200 g, FEFRE, 0
A 12 558 60%Z. 8, 90 C RIEJiFEE 2 Ik, Bk
0.5h, &JF 2 KIEMR, BHGEIE, WUEREL LRI
WAE R TR, H 20% 4R T 1 000 mL £l
H, R RS AR 2R B ER 0.2 g/mL I B %R
B, BWiEEENE, #HEAZRIOR SR
JREN 1259 g, BIEfEAENREN 1052 g, ¥
HON 83.56%, FUEIREE N 10.52 mg/mL, J54E3LK
R L A7 150 TR A S TR VR TR IR T
2.3 KFLIRHMIBIBEROTAL IR

B 11 AN F LS IR AR LE 95% CBEHIRIE 24
h, fEHASEM, BRI 24 h FMAERERE, H
95% L IELA 5 mL/min AR LR MBE, H 2R H T
I, AT, ZER 2 BAERE 4%
RV IRIA 3 h, A4lF KL S mL/min BTG
EIPPEEFE, B 2 A S%EEA AR
32 30, FAAEKLL 5 mL/min (ARG & e S
g, F 95% L EHRIAEAE, I FH Al 4lig K B
5 mL/min AR E M R, Bl {8,
24 BRSIRMHTAER
2.4.1 K AL WRCBR AR IR B O Ok ECTI AL BE S
HPD100. HPD300. HPD600. HPD800. X5. D4006-
NKA-II. D101. D3520. HP-20. AB-8 %Y KL% i
WAL 1 g GBIRE), WEEWRE, £ 1, BT
50 mL HZEEECOHEES, MAREIKREN 545
mg/mL ) 75 B 4% S 38 B $2 O 20 mL, 7E/K3% 25 °C

BHIRAE 25 °C TN B 3 A5 A% S S PR B R o o2
IR 5 R R B AR AN DR FLAN i, B 4K S
IS 80%Z. 1% 20 mL, fE/KIG 25 C&ME TR
Vi 24 h, XSFHIATESM, THEHMERE, 458
W 1.

W B B = V(Co— Ce)/m

W B 56 = (Co— Ce)/Co

R 2R = V1C1/[V(Co— Co)]
Cov Cen C1 53 B A F5 A5 A% Je BT RO NN B SRk B o P o o
WPE . RS TR, VR Wy 3 A A e g
B m R AU i o

F1 FRIRBKRFLMBEX a8 2 SR BRE IR B2 K IR B
Table 1 Adsorption capacity and rate to total flavonoids

from Litchi Semen by different macroporous resins

pmeme O e, R e,
(mgg™) (mg-g™h
HPD100 80.53 73.88 56.94 70.71
HPD300 74.28 68.15 56.51 76.07
HPD600 71.35 65.46 42.80 59.98
HPDS&00 84.66 77.67 51.27 60.56
X-5 52.98 48.61 39.17 73.92
HP-20 88.51 81.20 59.16 66.84
D3520 69.73 63.97 48.73 69.89
D4006 74.48 68.33 56.08 75.29
NKA-II 25.94 23.80 7.72 29.77
AB-8 92.76 85.10 64.19 69.20
D101 60.67 55.66 45.27 74.62

S R FLART A R B 1 B 1) R R B S A LA AT B 3R
[T IR EYNAN AU LR N O TR
KNG A2 R ), I A R B AT AT IR
PLH, HHER 1 WTAILE 11 PR B R i, AB-8 Y
PR HP-20 A I 0k 755 A% A% e 28 i 74 5 P28 e A
2, R HN 85.10%. 81.20%, AB-8 HUMHE
5 HP-20 MW IEMIREE SN 69.20%. 66.84%,
R AB-8 BUMHEAEIRVERE S 4T, RILIER: AB-8
R AL AR g F T 7 B S S R 1R 73 B 4L
242 FRAEW RS AR E R AB-8
RURIL M IEL) 1 g GRFRE), WEERE, 324
By, 4y AIET 50 mL HEEEE HEE R, IS
WEEN 5.43 mg/mL 195, B A% e 3 i ER BGH 20 mL,
FEIKIE 25 C4AF T LL 120 t/min [3E IR 24 h,
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fBB 1 h B 1 ANEE CHETE R, I s S i o
WEE, I HESR s %k, SRIE 1.
FEME BT 0~6 h A, AB-8 K FLIR P S %o 7 K k%
e T P R B i o B D (R BT 22, 7E 6 h LA
Jei o BN 7 Al A e S W B s T, AB-8
I FU R B AR i Ko 7 Az A s o T P B 2R W B R R
86.17%, ZE EMral s, AB-8 K FLWL PR fig X 7%
A S 8 W B AT R R B 1 R, 7RI B 12 h B
AR IE B W PR LA o
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Fig. 1 Static adsorption curve of AB-8 macroporous resin

2.4.3 WM pH BN R B AR AN A 5 L
TALFRLF 1) AB-8 BURFLI PRI AEL) 1 g GRIED,
FEEARE, 3760, 2HET 50 mL HIER LY
ik, M BTN 16.87 mg/mL, F£H] 0.1
mol/L [ EEERAN 0.1 mol/L ME A AN pH A
2+ 3 44 5. 64 7 8 HUF B B B FRIUE 20 mL,
FEKH 25 C % T LA 120 r/min FYEZEAR 12 h,
0 5 W PR o 0 350 B A S S o R R, TSR R
R, GERIIR 20 FHOZE K FRBOR K pH {EXS 7
PR S R R B 5 B IR B e R 35 5, >4 pH
9 2 I AB-8 K FLIR PRl Xk I o B9 B 3 A
R 2 pH EXNZHRALS EEHIR M E K IR E 200
Table 2 Effects of pH on adsorption rate and adsorption

quantity of total flavonoids from Litchi Semen

ot R, R e,
(mg-g™) (mg-g™)
2 241.98 71.72 110.17 45.53
3 211.25 62.61 93.94 44.47
4 190.26 56.39 91.13 47.90
5 149.74 4438 90.80 60.64
6 142.48 42.23 86.74 60.88
7 157.73 46.75 76.12 48.26
8 175.25 51.94 70.50 40.23

W R R e KN 71.72%,  SOW PR pH 15
EHN 2.

2.4.4 RPN 75 B SRR B R LT AR
FRUF (1) AB-8 BURFLRHMINRZ) 1 g GRBFIED, ¥
ZRRE, L2146y, BT 50 mL HIERE AR,
3N R E Y 0,68 2.84. 5.43. 7.46. 10.59.
12.87. 18.43 mg/mL (W7 HAZ B BFEHR S 20
mL, 7 5I7E 25, 30, 35 C FHMEEIR 2 4 LL 120
r/min (IR IR 12 h, 1 B0 PR, W0 IR b
WAL ST A&, 0E 7 B S R R R
PR, ZRIK 3. BEERENT R, AB-8 K1L
WIS A i D I A R DO T R B, PR B
25 CHY, ZHEZ S I &, Fril 25 CH
AB-8 K ALK BRI 1) A5 A e B il B

%3 TEIRET AB-8 RBsx Bz B EERLIR M &

Table 3 Adsorption of AB-8 resin on total flavonoids from

Litchi Semen at different temperatures

P18 o Bk MR B B /(mg-g ™)

(mg'mL™") 25°C 30 C 35°C
0.68 13.59 13.22 13.13

2.84 55.61 54.47 37.50

543 89.19 86.40 60.00

7.46 99.50 90.43 73.75

10.59 104.10 96.98 92.49
12.87 107.80 101.70 92.75
18.43 120.63 111.88 93.50

2.5 FEWMHHTAREERE

251 tERfiZRRe s EICHUAGELE ) AB-8 KL
WA G2 20 ¢ GRTTER, FEPRIAFRZ) 35 mL), k
ERE, DIBVEZEIEN (1.5 ecmX 40 cm) WY FHAE
i, EEe 112, R NEACHIEK 5.43 mg/mL
FHUR pH A 2 B BA% S BB, 7E 550 nm U
KA IAE Asso, L 1.0 mL/min ARF &I AEFE
i, BRI, TR 10 Z2THU0CE 1 0,
W5E Asso, THHESEERE &, HEHMEHLE. 24
I HH VR A B R R P Dy R T R AR P
-+ —i, BEMEE A, IOV s e i
PRARON, ZERLEE 2. 7EEE 2 R, FHEZ
TR LEMEER , TS5 7 00U H v R TR R
fE49 0.519 mg/mL, A3 | EREREREN 522
—, Pt BN 70 mL, BI 2 BV,

252 REVRTEIRFE T shA TR RE 2 B
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2 RS EEIE AB-8 XFLWAE BRIt ALk
Fig. 2 Leakage curve of total flavonoids from Litchi Semen

on AB-8 macroporous resin

TRAL B S 1) AB-8 RALW PR IGZ) 20 g (R E,
FEPRAFRZ) 35 mL), FEZEME, L7 4, LIBES
BN (1.5 cmX40 cm) WA, ZmEtbn 1 :
12, BCE pHEA 2 MEIREZ 5308 0.68. 2.84.
5.43. 7.46. 10.59. 12.87. 18.43 mg/mL % Fi#%
MIEEEIE RS 70 mL (2 BV), LA 1.00 mL/min 1A
e B, AR L, TE Asse, THEE
JR R B AN BB 2R, B A LR R IR,
SRS AR EIREE T R 2 250 99.00%
95.50%- 94.00%- 90.50%- 79.50%- 76.50%- 70.50%
SERRIT AB-8 KLU BB AR T 75 A A% et S I P
BB BRI SIS, SR
FE4 0.68 mg/mL IR B b K, R EIKFE A 18.43
mg/mL I IR B Fd s, BT PRI S K A ™
W, FUEIRE A S 20 A FIIR 9%, 2 B FEMR
JREREAE 5.43 mg/mL i, WFERA 94.00%,
HFE AR IR TR 4~6 mg/mL BP AT,

253  EFHATIEXT SRR LT
AR S ) AB-8 KFLIR M IEZ) 20 ¢ GRJTL=E, #F
IRIEFRZ) 35 mL), FEEFE, 3544, DURBIERIE
AN (1.5 emX40 cm) WA, Bmtih 112,
4 5.43 mg/mL FRNT pH EA 2 K FH FAZ S 5 B 7%
% 70 mL (2 BV) 4 5ILL 1.04 2.0+ 3.0. 4.0 mL/min
AR AR B W IR A, R R, T
Asso, VPRSI T P2, e stk LA
R, SRS DREARTIR R T R 5h
95.43%. 91.03%. 84.12%- 75.20%. 4 _FFERFAR
N 1 mL/min I, AB-8 KLU B AR Xt 75 i AZ A
TR R R, N 95.43%, i FREARRR IR R ik
N 1 mL/min.

254 RE bR EhAW RIS BUOTALER S

) AB-8 RFLW PP AEZ) 12 150 20, 25 g (JRJi
B, HRMAEIRZ 19, 25, 35. 40mL), FEHERE,
8 1y, DLBVEZZIEEEN (1.5 cmX40 cm) W%
B, R EREEENT 70109010120 1815,
% 5.43 mg/mL FEATT pH AEN 2 I F B A% S 55 B 1%
70 mL (2 BV) 435k 1.0 mL/min FAF 7 &8
SEREAEAE, > ISR R, DE Asso, THEANHE
RE TR, e RERmEL, SREEE
EE R FIIR B R 2 538 77.94% 89.11% 93.54%.
88.92%. 1 ey LU T 736 AN A Aok 2 T ) W B 22 A 5
MmN T 7010901 12 1, AB-8 KAL#H g
X] 7 A S v T PR R B AN W BT AR by
1270, WS R Al (), A b Z A g
JeW B, N IER R R A A, AR R AN 5E
4, M4BEELN 115 H, WRIFME R, Ar
e THMIRRZERS, FFRTFERIEE, %
HHEE, REREERRN 12,

255 PRBEFIAR BT AB-8 K ALK i e it 7% %
SR s AL S ) AB-8 KA
AL 20 g GRITE, HIRIAFRZ) 35 mL), K%
PRE, LLBVESEIEIE N (1.5 cmX 40 cm) W f+Ed,
‘et 112, ¥ 5.45 mg/mL A pH E N 2
() 75 B A% S FE B 70 mL (2 BV) L 1 mL/min 7&FHI7
&R, RPN S AR B 47K f 20%+40%
60%- 80%- 95% LEEET S 3 BV BEFELEML, 7390
WCERBE ML, DIE I Asso, T B HEDE LRI AR AR 43
o S5 RHEAKE 20%. 40%. 60%. 80%- 95%,
B BB 23 1N 1.30%- 3.31%- 48.54%- 40.13%-
4.83%+ 0.52%. A] W 40%- 60% £ FEX} 75 Kl 4% 5 35
R e RS AR, 203N 48.54%. 40.13%, 4
IEHE 60% L LN 735 A A S B il 3EA T e Mot o

2.5.6 Ve EXT TSRS UGB S
1 AB-8 KFLWFIHIRZ) 20 ¢ IR E, FERIAM
2135mL), MEEHFRE, &% “2.5.57 N LRERR
%, T 60% ZFE R 280 mL (8 BV) L 1 mL/min
PR R BE B E L, 7 BOWCER BRI, I 5E FE Assos
THEEAR, e RERMAIHE, 2R
B 1. 2. 3. 4. 5. 6. 7. 8 BV I HITEBE 5N
48.91%. 12.90%-. 3.99%. 2.96%. 1.71%. 1.26%-
1.05%- 0.84%. MuEMifIHE N 1. 2BV I, &5
i i 220 5 48.91%. 12.90%, 4T M7 &
3. 4BV i, SEEERGEBLZE D58 3.99% 2.96%,
HZERAKR, KUIGINR G B 5= B2 R o
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TR UE, A BRI h AR, i
ERRBENL A &8 3 BV,

2.5.7  PRBEFRIARFR E TP BCR R BT AL
S AB-8 KALWRBIMIARZ) 20 ¢ GBI, K
IRZ) 35 mL), FEEME, L4, $% “2.5.57 i
T ERERR AR, TR 60% BV 105 mL(3 BV)
PL 1.0 2.0, 4.0, 8.0 mL/min FIARUR ELEN, 2
ARG . W FL Asso, THEVEMR, BTk
BRI R, 45 R SRR R T IR B 2R 45
AN 64.67% 69.49%. 77.29%. 60.12%. 7Fit%
A TR 1) 355 26 o A e B A AR A = R 0K S T R
N BPEAARIR RN 1. 2 mL/min i, P
ELER, 435N 64.67%. 69.49%, T 243 AR AR I
4 8 mL/min B, BN % 60.12%, W] HE
TR, SEUERAT S, SuEFRED
AR AR A& 4 mL/min, BCARFRE R KB R A
77.29%.

258 AETZRIUERLE ARG Bk R 2= se
HERE AL, W A H B R S S R R A T 2 Ak A
ik AB-8 BURFLIR FAR i, AR5 204 o
b3 o1, EAEZR EIKEN 4~6 mg/mL, pH

N 2, BN 2 BV, EREBREN |
mL/min, ZEHCN 1112, YEBESELL 20% 28 3
BV (4% FH 60% 8 3 BV St Vel AR &
N 4 mL/min.

FREX 4 43 FRALFR 5 1) AB-8 K FLWR A R 2 20
g GBI, HRERL 35 mL), FERE, LS
EEEAE N (1.5 cmX40 cm) WAL, 2EtA
1112, ¥ 522 mg/mL 75 pH HA 2 7584
SV 70 mL(2 BV, S35 i F &N 365.23 mg,
JRE 50 29.22%, [T 1.25 ¢), LA 1 mL/min £
FURE BRE, RIRMHEAE, H 20%Z 8 105 mL
(3BV) F&Ze, FEH 60%BEHW 105 mL (3 BV)
DA 4.0 mL/min PR EBENL, 2 mUCER BRI,
TR T AR S B s S E 7V, TH B R e
BRVENE, SRNE 4. DAl T E0RAESS BaT
W, 25 4 REGIEIRLS, 60% O FEW M 7 Bl M s
i )P 2 e i R A 74.60%, RSD {H KN 2.46%, 7
ZAATEERE Y 1.25 g b 235 0.4 g, RS
B 29.22%TF % F ¥ 67.37%, RSD 1A 1.32%,
F B G SL AAL T200 75 A% A I S B R 2R R
BT 53 B AR

R4 AUTIZHIEESER
Table 4 Verification results of purification process

el
EEg R E%

%5 IMAE/mg

Vel E/mg  Peli R /%

aiftfs
ETEY/mg FESEY% FHRESE% RSD/%

1 365.23 1.25 29.22 262.49
2 365.23 1.25 29.22 276.93
3 365.23 1.25 29.22 274.84
4 365.23 1.25 29.22 275.55

71.87 391.30 67.08 67.37 1.32
75.82 413.10 67.04
75.25 412.10 66.69
75.45 401.20 68.68

3 g

AR, &8 8 T4 A 1R E 7 F A% 2
BB v, R 3 BRI E SR S
SRETRELE RN, EEAFRBEREEY,
PR RN E 4 EIFFEL OISR, Har
NaNO,-AINO;-NaOH. AICl;. HCI-Mg A F i &
BT

FEFRSE H ORI, A3 DL T Joxod e 1) S £
777 NaNO,-AINO;-NaOH 7%, 7E3# ii5¢ NaOH )&,
WIS ZURYTE, RO E 45 RAUER,
SRAFENR A, ZER WRE. B0, IR
BUREE ik G e, SRR, £
BR VAR S BT TGRSR B 7T f5 R I A A% B 2K

DHEEREM B, HIFEEHFR A2 8K
Ko WIHE 7 B S B R i H s, DRI,
KAV SN 06 RS A R b A Btk e H
B, SRR WIS (M 7 R A B & Bl e TR (A
JFAEE R A2 1D g AT, W T AT A A
R 2R IR o P2 D5 T AT B

KA i — P B AT 22 FLAL AR SE R A
VERR B ZORERI R 2> AR BRI 2 T 253E
PR ISR B VIR, HIRSE R I B
Ao, Somia R FU g ) 23 2 AiA0 A 2 77 T i ]
2, EIEFSER RGN, NMEREHEA
MRE, Bl SE IS 5. R, BLK
ERER AP . VBRI R, LIRS iRt
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1) 70 B R R 121240 AR SE G IE X 11 AR RIS 5 (1)K
FUA A R B AR AR RS, A E T AB-8 BUKFLI
JIE 73 B8 Al 5 o 4 8 P B A T 205 AB-8 Y
KALEPIB AR S 25 M i bb o 3 0 1, A2
BIKEN 4~6 mgmL. pH EN 2. R E
N 1mL/min. FAEAEFRN 2BV, FEbA 1112,
PL 20%Z 0 3 BV B4 60%Z 0 3 BV Yl Bt
PR BN 4 mL/min, i@ 4 KAFRE, 55
A A A B R ) 5T & A BN 29.22% T &1
67.37%, [TEYIH 1.25 g B2 F4 04 g, UEH
AB-8 KFUB X 7 Bl A s B 1) ' SRl /L, 1%
T ERE G R B SR BU Al T2 = st K4
P S0 R
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