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Abstract

The studies on separation and purification of bioactive material by countercurrent chromatography which per-
forms efficient separation without solid support were carried out. Effects of the operating parameters such as
column rotation speed, elution mode of mobile phase and flow rate on the separation efficiency were in-
vestigated using high speed countercurrent chromatography apparatus. Retention of stationary phase (S;),
theoretical plate number (N) and peak resolution (Rg) increased with an increased column rotation speed. The
application of high flow rate resulted in a short retention time of solute, and decreased retention of stationary
phase (S;), theoretical plate number (N) and peak resolution (R;). Stationary phase was retained, when upper
phase eluted in tail to head mode or lower phase eluted in head to tail mode, while no retention occurred

with the reversed modes of elution.
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CCC AR AAAHL 7171 74-% pump, injector,
countercurrent chromatograph ¥-#), detector, fraction
collector2 7A 5y QlolA HPLCS {48, B2
o] Be) A7}k o] FolA e Belo] Faso] Y B
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B A3d AFg3 289 flavonoid EEES 7z}
kaempferol, quercetin, isorhamnetin© & Carl Roth (Ger-
many)2FE P35t AH8-E 2 CHCL, MeOH,
H.O, hexane, butanol 52} &uj= 2% HPLC 5H&
AH&st T

HSCCC

Aol AHEE 1&AFAReE 1Y E(HSCCOR=
semipreparative-§-(CCC-1000, Pharma-Tech Research Co.
USA)e & W7d¢] 0.8 mm<] Polytetrafluoroethylene &
B2 A de ZE 347 Eod dAs U
71012 ol Aae = waoltt. AR 3749 FF4
= 325ml o) PG wFoIN £FE Y F
drt. B Age AL8-gF HSCCC 2§ 272 Table
17 2t

Y HF== ™A (stationary phase) 51| £H

HSCCC &8 Al Aol Ax1=e n3de 5
' AANY AN HIE o) gdle Y £ris
AP AF A F e FAgxE AP 3
HAIZ|HA o] F/dH(mobile phase)& B F&H2 2 F
Az}, ol Fdel g8l nA el delyertst o=
=7t 6 o)l mAAe] Wa v oA g oAl
Eavger) Az}, 23V fRlsEE gy §
e o) B4E FYs7] ARt Ao ol EAde
1A Alolol]l BFo] o] Foix] :A ol ¥ ol |
PG ea] Fn olFaute] Eeivker] Alzg o 7}
2 Ay oA v Ad-kTE we nA el By
ZRE At 2 2P A HE 23] wal
t A3 AA FazRE faddnz gohd W
gvte 23t Rog 4 Aoz dv AP £
e a34e) v g B AEo) AMg-E HSCCC %3]

Table 1. Operation conditions of HSCCC

Apparatus: CCC-1000(Pharma-Tech Research Co. USA)
Column: ID 0.8 mm PTFE tube

Column volume: 325 ml

Solvent system: CHCl,/MeOH/H,O

Column rotation speed: 200, 400, 600, 800, 1000 1pm
mobile phase flow rate: 0.5, 1.0, 2.0, 3.0, 5.0 ml/min

o 49 ¥3) 325 miel U AW 4R 1A
SEEL P RSN 1CS

A=zolE 2% parameter Al&t

2 AgolA HSCCCY ¥ &L o] & (the-
oretical plate number, N)9} ¥-2] 5 (resolution, Rs)2. 2
el om AR A ()3} 4] (2)8} ZeH(Conway,
1986).
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Table 2. Retention of stationary phase in column with various methanol content in aqueous phase for CHCl/Aq.

MeOH 4: 6 system

(%, Flow rate: 1 ml/min)

Mobile phase Interfacial

Column rotation speed (rpm)

(Elution mode) 7 MeOH tension (dynes/cm) 00 200 500 00
10 25.1 0 74 82 85

20 18.6 0 74 82 85

Lower phase 30 17.6 0 78 85 89
H—T) 40 14.6 0 80 86 89
50 9.9 58 78 83 86

60 7.0 62 80 86 88

(T — Hy 60 70 0 0 6 3
10 25.1 0 53 89 90

20 18.6 0 0 0 94

Upper phase 30 17.6 0 0 92 94
(T — H) 40 14.6 0 0 91 92
50 99 0 86 89 92

60 7.0 0 0 88 89

H—T) 60 7.0 0 0 2 2

a: % MeOH in H,O for CHCly/Aqueous MeOH-4: 6 system
b: Head to tail, ¢: Tail to head

Head: The column end toward which any object travel, whether it

coil is rotated.
Tail: The opposite column end

= fule ASHA ol BT A geivel AEu
134 Bule AgHM FAEA ot Y 3
AEEE 93 S5 o= FolA ¥ AP
T B ERIL AR FEH % Lo head H2
2, yra] 2% Lule uilFoR o|FdA He
# Aol UEhlA 5+ unilateral hydrodynamic equili-
brium system (HDES) ¥ & ehiA € ri(ito, 1986).
o] W} head Z £u}E tailo|A] head® F 2% o|FA
02 83, ail® S headold wilZoz s2=
ooz MUY AL Y &t ol BT T
A gel VoA gn 2 SR APy fxE +
Atk £ 439 oA 2] 2PN E 3FH-E
T4z A8 H— T e 4358 o4 eR
AHE-3H, T — H o] w9 w2 A8 234 A4
&5 Jehjo] N7t pilFe g FaA Ha 3F
H7b headZ 0 2 F3he fuiA|~lYe BT ¢
otk =g Ay HAEET SFFEuE clFE
2 3 H — T &l AE 400 pmol| X 28, 433
& ol Fde2 3 T — H &A= 600 pmeilA
HE) 70% o149 AW nF Y fA&E veRio
unilateral HDESE Jehll= Yol JAALE7}
74z} H -- T Wkl A & 200~400 rppmAte], T — H ut
ol Al & 400~600 rpm At Q1 A o2 1iEMsITY.
HSCCCoM = FataF Alolel Aazgee] A7)
up2} APl e F Zo| Wakdo] 2Eix|A €rt

is lighter or heavier than the solvent, when a solvent-filled

Aw Aol & 4o A A&, hexane/water A A&} 7
3} (heavy phase)7} tail Z2 2 3HA o] &
g ol 52 A H- T, 4525 o5
} 7% T— H mode7} S, whd A AH o) o ¢
sec-BuOH/water A| ~8}oj| A= 3}&8-7} head H}
gko 2 gFstA| Elo] o] FAde] elution HEkE Wit
HrHConway, 1986). E 4 #ol|+= CHClyMeOHH.O
B Al 2ol X CHCLY] & 40%2 2 A7) 5L
U 2] 60%2 MeOHi} H,O0 2E-E 10002 3l
MeOHS) &g 10%0) 4 70%71%] @8)std] 10%9)
A% 251 dynes/eme| A 70% <1 732 7.0 dynes/cm =
afo)7} mlwlstel el ASE DA Ael ol
FFE AR = skt Bad oshd AP A
2% 9} flow ratex= CCC2 B &l A 43-E v
Aol AEEIF F7MEFE, flow rate’} S5
AW ne) §AEE Sk 2SS v
THOKa et al., 1992; Shinomiya et al., 1993; Bousquet
et al., 1991).
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Fig. 1. Theoretical plate number (N) of ginkgo flavonoid
aglycone with various rotation speed. ¢—&: Isorhamne-
tin, @-—M: Kaempferol, A—A: Quercetin
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rhamnetin, quercetin, kaempferol®] A|7}x] £33 fla-
vonoid® Abg-ekont Aol AASEE 7kt 400,
600, 800, 1000 rpm o2 }4T}. HPLCAIA & A4
o] Bul7} UAHFOZ resolutione Fo] 2 soluteol] o
gt o] ek (N)ghol s Mrt AR wald Nk
€ HPLCY] resolution- S YE = {3t parameter7}
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AF=e 2349 dol @A 22 solute] resolu-
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of2] gold| oaiA AAFTHOka et al., 1992).
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Fig. 2. Resolution (Rs) of ginkgo flavonoid aglycone
with various rotation speed. 4—®: Isorhamnetin/Kaemp-
ferol, M—M: Kaempferol/Quercetin
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Fig. 3. HSCCC chromatograms of ginkge flavonoid
aglycone with various rotation speed.
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Table 3. Retention of stationary phase in column by flow rate of mobile phase for solvent system with various

methano] content (600 rpm)

Mobile phas

(Eluion % MeOH® Interfacial Flow rate (mifmin)
mode) tension (dynes/cm) 0.5 1.0 20 30 5.0
10 25.1 87 82 82 80 75
20 18.6 86 82 82 79 74
Lower phase 30 17.6 87 85 83 80 75
H— Ty 40 14.6 88 86 83 81 78
50 9.9 88 83 83 81 76
60 7.0 88 86 82 80 75
10 25.1 95 89 75 0 0
20 186 94 0 0 0 0
Upper phase 30 17.6 94 92 0 0 0
(T — HY 40 14.6 93 91 87 23 0
50 9.9 92 89 86 79 0
60 7.0 91 88 86 82 0

a: % MeOH in H,O for CHCl,/Aqueous MeOH-4: 6 system
b: Head to tail
c: Tail to head

Holale] &3, #2] B Zvlel viio) Aol B
7] £&7 739 2e%g 27} Al7lE 89lo] rt
e 400~1000 rpme] I REE Y= nA A
H2]g0] 75~85%2 BlwA 2 zto]rt VA Y1 nE
A BEs] B HAFPAAM 2P ?J w=e] HBA
9] F718 YehA & ¢ oz foE it

*J

Zof 2 stationary phase retention

e BufAl 2] o]l
ol gl frdel 91611*1 P%—?_— dgg WA gk
Table 3& o] 539 fréo wt2 APl FA¥&
/4] &S vehd Aoltt. o] Fdel f5ol
Vg AR fAEe 2 vgo] Hat
A3k FEE Ve EEFE olgdes
of H— THWFeZ &3 A5 o574 &% 0.5ml
minoj| Al = 86~88%2] AW FA&& HeEhd o
50 mi/min®] f&ol e 74~78%2) HAW Y
&5 JEhAT ”’;%’—3 olZdeZ T —H
go] AL olFdY frEol Sl whet st
n3del Hiu zﬂ‘?—%] BERE olFeR
€T Hgguc gasigion S8 20% MeoH
g BrlAl 2ol M e 0] % R4 1 ml/min o] o]
e ng gl ol s A ‘%8149} AWl &
A=A egsiet. +4 &vlE MeOHSH H.09] 3=
ZA3ste] gujr ~dle] A& delste olFdel &
&ol AP 23 FA ol viAE YFS Yot
Az} A7 A vAAE g AE ¢ F Al

@ g o il

fr o2 X

£ A] ~&ll 2] phase distributionol] 1] &= 2] 891
g —ﬁ:f 5 *}O]«] A 42 (interfacial tension)e)
8 £ @l F & Atole] AMAYo
=} é«] 5]@ ’\] 5 29 ¥, £Es) gt
A4 Sla@E@E o2 £xr) wz2eg) YR

o] Ao F ZF Alole] {3} do]| WA
8] EajeA] Ratn 137l
olgdH g wEuvse il wAgTHIos
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Fig. 4. Theoretical plate number (N) of ginkgo flavonoid
aglycone with various flow rate of mobile phase. ¢—@:
Isorhamnetin, l—8: Kaempferol, A—a4A: Quercetin
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szl A 77 4 A& AH 3] 37 Hsid H
A o] B4 Sl FEe ek ABRulED o
A B EEE Jehll= A EQ o] k< (theoretical
plate number, N)& v@3lgon] 1 A3} Fig 49
2ol FEFozE 2ddozRE Feld ArkA &
g12] flavonoid, isorhamnetin, quercetin, kaempferolZ
AHg-3te ol Fe] #&E 22t 1, 2, 3, 4, 5 mimin2
st ARtE o 7 o] gt f&o] Sl whEkA
o] 2ekprt Tadte AEE el e 53] o)F
4 #4 1,2, 3mming] G 7Hh Fol A
Eydrl. o| BT YollAe] @A BEo] A9
HAFAI Fgrolt). glae] MFAI PN &
Ad e 3o o7 WA A

ol gl frdrol WekAH AA olFdu ¢l o]
Geiurbs 23449 ol S71sHA =l Ngte] 24
atA o}

o|Z4te] R&of mhE resolution (Rs)el Bt
HSCCCE o] 83 #8 Az €4 238 Fe FA
371 9138 717] &8 2A& HA3} 3r] Yt ol F
4 Sole) Rl ©E Ee) 5 (resolution, R)E AR
vl Al4tele] v walEtt. Z2elETH A}
oA o]-£% % 39l isorhamnetin®} kaempferol,
kaempferol®} quercetin Alo]9] ¥2l5-S Wwg A3
£ Fig. 59 2t} 2P o] 549 H-4¢] 1 mlmine]
AL S mlmino. 2 S ulebA] Eelse] FAdhe
7A8k-S Bt} Isorthamnetinkaempferol 2] 73 o] EA4F
$4 1 mUminojlA 64504 5mlmind W 37302
7+Hestg .o kaempferol/quercetin®] 739 1 mimin ¢
o] 14.1914] 5 ml/min & ® 8.172 }A3FYch olE
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Fig. 5. Resolution(Rs) of ginkgo flavonoid aglycone with
various flow rate of mobile phase. 4—#: Isorhamnetin/

Kaempferol, l—B: Kaempferol, Quercetin
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Fig. 6. HSCCC chromatogram of ginkgo flavonoid
aglycones with various flow rate of mobile phase.
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Table 4. Stationary phase retention in column with var-
-ious rotation speed (Flow rate: 1 ml/min)

Elution Column rotation speed (rpm)

mode 200 400 600 800
Upper H— T 14 11 4 2
mobile T — H 0 64 88 91
Lower H—T 57 73 81 84
mobile T — H 0 0 6 3

Solvent system: CHCI, : MeOH : H,O (4:3:2)

Table 5. Stationary phase retention in column with
various flow rate of mobile phase

Flow rate (ml/min)

Elution

mode 0.5 1.0 15 20
Upper H—T 6 4 3 2
mobile T — H 91 88 86 85
lower H— T 90 87 83 83
mobile T — H 0 0 0 0

CHCl, : MeOH : H,0 (4:3:2), 600 rpm

T - H Wgslis ng4o] §A94 wtrh
HSCCC9| elution a2 UubH oz fujr| xld)
welr] defzivh, E3Ho o8 hexane/water} 2
hydrophobic g-ujA] ~ele] H ¢ FEHE o|gHoR
SRE A% T - Higo) A3el, 34332 ol
oz 3HE A-Folle H— T kol A3}t elution
H}&ko] 31 butanol/water} 2-& hydrophilic &1l A| 25}
o] %ol 1 w7} €} Intermediate solvent sys-
tem2} 7o+ 717]19| configuration parameter$] Bk
/Ryl whk @ekx] Al @rilto, 1973; Ito, 1984). B A
Holl A A& oA 25Q) CHCL/MeOH/H,O &vi
Al ~®] & hydrophobic system© 2 hexane¥} 2L elu-
tion ®HEFS w27 Ho}.

2 o

B od3e 7129 HPLCWH = el 2341 of
SAto] % o g pAF Y Bdus e B
Ao FAE FdEA Fuvlany gL £52 i,
FAE & & HSCCC ¥ & o] &3t Aol &
g g vehlle Aelgd E2E EelE)
A 7= A7 2HA 7Y .

HSCCCe] #-8#sof mE Ee] && Yobry]
Azt Aol BAHEE, o]Fde #% el el-
tion 2ol W& 2] AFHE dolr it HSCCCH
¥ 582 dolr] gt ndel AP /A

¢

—

lo

g A 1¥ A 35 (1997)

AZnEOPo 2HE &G o|@2ds E Ha

o] Feleg Alwdtich dHe dAds&er) Fo1g
FE %E‘»ﬂoﬂ FAHE 234 okl 18t
| ETE(N) 2 AR F(Re)°] 7 AEE U
ENM A9 HA&T 7} HSCCCE o] 83 Eag
2], A A vl$ 83 249E @ 5 AT o]
Bde f&ol F71ESE B AFALL @2y
v A fAH e 234 go] kil Ee
Edo] AHEHey o|Bus ¥ gAY S Hld
2 0 2 7+4 8l HSCCCE o] &8 849 ¥, A )
A 7119 B £33 Pelvs 22§ HAg o)%
4 g 438 F87) dAek o1 F42 elution
2o w2 AW 23 &S ZHT A R 4o
Ho ] ALE3E CHCL/MeOH/MH,O &ujA]l A 3}o) 4]
= AEFEE olsdem M3 A2 tilo| A headZ
Wk, 3tERE o|FdoR 9 Aol headoll A
tailZ: ko] A7A QL elution W3S & Uch
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