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Abstract Many successive liquid-liquid extractions occur enabling purification of the crude material to occur. In high
performance counter-current chromatography (HPCCC), crude material is partitioned between two immiscible
layers of solvent phases. The stationary phase (SP) is retained by hydrodynamic force field effect and the
mobile phase (MP) is pumped through the column. Purification occurs because of the different solubility of the
components in the liquid mobile and stationary phases. There are many key benefits of liquid stationary phases
such as high mass and volume injection loadings, total sample recovery, and easy scale-up. Many researchers
showed that predictable scale-up from simple test is feasible with knowledge of the stationary phase retention
for the planned process scale run. In this review we review the recent advances in HPCCC research and also
describe the key applications such as natural products and synthetics (small or large molecules).

Keywords: high performance counter-current chromatography (HPCCC), liquid-liquid extraction, stationary phase,
mobile phase, sample recovery, scale-up
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performance liquid chromatograph, Prep HPLC)<I1d,
FH o]2{$t Prep HPLCE WA 4= e 2712 AM 1L
£AF32rtE7 Y (high-performance counter-current
chromatography, HPCCC)7} 2338 R¥ar Qlt} [1,2]. ©] ¥4
X CCCol YRl o5 1eks] “gefatar #4] HPCCC
Z4H)0] 2§ olE ARl 1 S-8tokRA g EEe]
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2} (counter-current chromatography, CCC)2}= ©]5-2
counter-current distribution (CCD)3} liquid chromatography
(LO)ER= 7 7FA9] 1A ]] iAo 27 E feE A
OB o] o] Tt FEHE AAT [3.4)].
o] ARnETHY FX|= W FollA shts g E AdE
2 =31 (stationary phase) TR 2 7ol g 3o
&}o] o5 (mobile phase) o= ARSI} 7]$2] HPLCE
VG FHREAZ AR ARHREE A9 o5t
SR AL JTAVE] 31T o4 Atelo] 8Tt X1sg
Zolg olgsle] EES EE|A7IE RIS, CCCE A=
4olA] gfar &9t £ 2709 Fo= FejE F U= Eujold
o= Flojuy &8st EeldE 2719 S5 3 52 ol
o7, e F5 e R at 1A AAA glo] EEE
w2 A 5 = 7ol (Fig. 1). @oi#<l ccce
MNHAER] Tto BRI} FE5ATFAES 4k FollA =t
£ ERske AR 32 89 oM 84S Eelele AXE
Al 2" Yol A T8It 5 A4S o83 coil
planet centrifuge2tal E2]= o] AX= vl JE Itod|
oJate] Fx FAg A7t ARt [5,6]. L7F B
ATAY T IF= A HloH AskEA] 4 e
Okt AX = /P QATh 1 9ol oy ket AAkE
o] CCCe} #HAH ATE Fyst] A thakgh Al2=Hlo]
FPF R o]go] 7hssitt

S a7te] SXIA9) o]of HEHE AHH] glo] Buivks
ol g3t ERS w2 2 el F v IdFa=Ea)
EauE w3l ol 7Y WA R EAle 3
o] FIAIF (Kp = Cs/Cum, Ko: EEAIF, Cs: 1787do14<]
AEEE, Cu: ol 873elM e Aisk) & Uil 891
ke doltk Al JRAZvETHIE T4l o]
Al -G E8AI, Ko #e] ®9I= 0.2-5 Helelt [7].
TYAG Fho]l UF AW EFE0] TEd] BEFA ¥a
o] s/ Al B vher ui A2 Zpelle AlFAIR]
AojA 93¢ Fo| HojAaL Fejgfo] Yozl

e D mobile ~
_\ \ phase :-’r“ +
| - o
O e /’\ S

Liquid/Liquid Solid/Liquid

Fig. 1. The difference of mobile and stationary phase between
liqud/liquid and solid/liquid chromatography.

7P go] AAo|d 7M. 4 = O 2= high injection
loadings, improved sample solubility, reproducibility and ease
of scale-up, new elution strategies, total sample recovery,
little or no sample preparation 5©] Itk CCCH=|2] A

2191 7171738 pump, injector, CCC¥-A, detector, fraction
collector= T+3=|o] R1ojx] HPLCS} Ak, 49 i
ZGA7} o] FoA = Ao] FEtE ] A= EAS] Fejrt
A 920 (Fig. 2).
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Fig. 2. A. Full installation diagram for HPCCC instrument
(Dynamic Extractions, Spectrum-HPCCC Model).

CCCHA2] e A58 2] o polytetrafluoroethylene
(PTFE) FH7} 3502 A= T2l oz =olgl
ot CCCe Aol Zgshe T80l A 2-838h=
AAHEGA|2H] (hydrostatic equilibrium system, HSES &2])
I} AHAA} 3] ofe] o ® "dsiA FHo) A+
= 5XH A" (hydrodynamic equilibrium system,
HDES&2)o 2 Fi23 4 Qlth HSES&E 49 CCC=
+ droplet CCC, rotation CCC, centrifugal partition
chromatography 5] 7% S ™, HDES Z+ combined
flow-through coil planet centrifuge®} high-speed CCC
(HSCCC) =& high-performance CCC (HPCCC)7} 7313}
=of Jti8-10].

CCC Z&u 22| H7UE

CCCe ¥de] EujagS g 7o FH oA A%k
Hog dojyrE 3etd Aa"leg ccce ZEe
polytetrafluoroethylene (PTFE) FH7} U502 A=
A5 20 77 A= 7101 Bl EEslen, Ut
XY S Bl FHO 1S WSS rotary seal-free
flow centrifuge A]2~8l0 2 =it} AY (column)o]Etal
she #2717 Al9)shd CCCeF HPLCE 538 V&S
ARESiThar & 4= 9tk 94 HPLC (reverse phase HPLC)
oM o] AEj7tell AgE F71E (organic moiety)
o] F&A olFd E&ol oA &vliE} (solvated)H Tt



KSBB Journal 207

ojuf A Ao Fujof st uA g Fajul&2 12t
5%olsteo]H, o] Bl o5 de] o] WAET eXg=
a8 =34 WskelA] geth v ccce ATt thal)
735t FE A o3l EElEe AHEE Su7t 2 o] 5
w o] agAke] Hulu]S-& 20-30%0] °o]Ett = 1A|EA
o] A%t f71857] tilell £} 4o]#] 2= hexane £
F718A7F 1AFo 2 AR Aotk &, 23 77180
7F Q1 FAL- BAE0] 7 hexane®] 18-S T
sh= Fel7E "o (Fig. 3). tiae] 745 24 232400
A Aol HuulE-2 50-80%9] o]Et}

Normal Phase

m=pp-  Upper Phase (Organic mobile) ==
X Lower Phase (Aqueous Stationary)

Reverse Phase

Upper Phase (Organjc Stationary) | X
f— Lower Phase (Aqueous mobile) e

Fig. 3. Defining normal and reverse phase operations in CCC.
Counter—current Distribution (CCD)

Counter-current distribution (CCD)= CCC2] Z7|Jej=
A, 98 dEE UEE fEdle g o]FojA] glow, F
WA F HlFo] ¥ 7P A= S T3k T funnel
2 AR F JEE ALEUTE S dEE wgs 24
HAFZ funnel SIA Sl E2I7t Lol 7= o F
o}zl Aeolt}. Craig7} 13Kk ©] CCD 7|%&-& £e]7)&)
AIA G741 o]l en, 19401 ] FAjoll= tes)
B #AS e 7]1Eolid [4]. 2371 CCD machine-
Hw2 Baj7p A B o] guiE Q= ghom, 100
78] funnel & o] Fo1A UATE 2719 funnel S 502
ZAsH oM FEletH = A& separatory funnel {Fol]
A BE2E ATk oju E2le 7]EH S Z two-phase solvent
systemJoll A o]FoiF o ou H]Fo] ] Z lower phase
= 30 Z HIFo] 2 upper phase?] |1l= 57
o= Ag3h. Yukr oz Relsle s 29 distribution
ratiod] 0|7} 45 Heled molki) vk iy e
EAE9] distribution ratio”} A< Hl=E AL o)l B
317] 8A o B2 4=9] /X (separation funnel)’} B &
stttk 25 Craig 71Al= #HZ WY chromatography

AR5 Helg a5l Ued AY AREA] a1 9ot
counter-current extraction 7]&2] ¥g] & /g el Aol
-9 AHgteltkar & 4= Q.

Droplet Counter—Current Chromatography (DCCC)

19603t) T v]F=HE AL (NIH)OA Itos}t 10 &
FE9°] droplet counter-current chromatography (DCCC)
AR E Az [5,11-12]. DCCC X 9A] CCDA
H T85 ol&st] e AAAZ7] diEe] DCCC
&L ) =g on, o]d =3 < w& biphasic
solvent system-> Zh2 EWESHEZT o|FAI7A He

Al o]2A4] "ot (Fig. 4).
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stationary phase

Fig. 4. Schematic diagram of DCCC'’s operation.

mobile phase

HPCCC2| £2|0|2 (separation theory)

HPCCC9] {2 &&-2 o] &S (theoretical plate number,
N)9} 25 (resolution, Rs) 2.2 UERH 4= glom 134
el Al og 2o [1].

N = 5.54 (Ve/Win)’ = 5.54 (dr/dn»)’

N: o]&dr

Vi @ O30 sgehs ki),

Wi 172 FF=o]|du] 1 F3Z 9] Zo,
dvy P Wh29l| sl azulEamiate] Al
dr : O30 FsE a=etETH@A Y] A,

Rs = 2(t-t1))/(Wo1 + Wi) = 2A/(Wp1 + Wiy)
= 2AV/(Wp1 + W)

Rs : 225
t, T3 s A7
Wi, Wy : 400l 3i3sl= =39 =
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dutdo g =2 IZnfEYy g&o|d e}
O|EHTE AR EA GAE =T, oE HElixE Al
7 SAIZY desith 9 T do] 2 EjtE o] R dE el
EEfjof gtk = 84o] F Aol Z& wf o|2F] EuljAlF
o] Zhol| wi-¢- ZHE w7bA] L3fjE] oo} gt o] A=
FHAo] WerE 47 @9k HPLCAME TAEA=
ARgE AEl7ke] A7 A Folal 35S gk HE
oS AT F AUtk TFoE F A wk=A] ATt
Eojo 3F o]Zl Agt d4EHo s dE & Uk HF
THAlE o] o]7E Tt TAle] E-Te = o]FA= A
oJtk. HPLCY HPCCCS] &-&of J3e vXe B W
7ke-E 73 523 A F s f<550]t) van Deemter plot
L2 o] B2 o]2H| FFsh= =9 (height equivalent
to a theoretical plate, HETP)7} #<:2] <24 Yepdich
HSES®l 7|55 & H1e] 79 van Deemter type2] plot
Hojgks UelH 3 1= Feie 9= ESsith
wEbA] Ho a82Q0 FEE e =2 5 Alst
+ Zo] BFo|t} [2]. FE5 (resolution, Rs) A] 8]
B89 FrEA oY Frol7]E stk thate
78§ CCC 52l S7k= Rs9l 245 72t 3 CCC
= TY3} o] u)2uA]2H] (two-phase partition solvent
system)=- AR8-5}¢] <=4} (normal phase)3-2 94} (reverse
phase)®] FEE %] 7Fssitt ol#dk 542 CCCE
B2 B33t §tEe] i AA=EE 32 AvE golHa
oA o= FEE2e 288 & o g4 7+
UA S} wEpA] S BISAAR] EES §F WY APl
2 358 7 A HH 2] vIZkERl 3] Bk
Sitk CCCY] 78 2 2 A ZA| Falol tigh 1787
o] HlEo] HPLCO| BIs] 73 Zvk=t] ek o]gk & HI&
2 F 7 F83 495 A "o 94, A Faprt s
sl 7P w) CCC Z2H 9] %] HPLCO Hlsto]
2z 3th= Zlo]t} (Table 1). CCColA Y (overloading)
olgle e ou)7} Qltk efuvkshd Algtacleo] Fdwkol
ofe} A& ol 117877 o5 el tigh 83lx0]7]
7ot} o]y wjEo] CCCE #3-8 HPLC (prep-scale
HPLC) Bt} &4 $-dslth= H7E wrow, 138 A2
nfEge|Z e 2 2 ik Qo) [13-15]. Yk o
2 2E AFRIE 78T v AlETt A Al FEo]
ol Az SASGT) 7Fsstal ARSI A BAI7E
glo] &uinlgvt Sorte® %] Hlgo] 7 Ak
= CCCY Hx ZAMG 73 Bol Aodtiy &
Atk F HAEA F g=ZAbo] o] BEE (resolution)ol]
zkol7F Atk Vm/Vs (o] & 7379/ 3 5-9]) o] Hl&2
HPLC7} %3 =M [16] CCCE ©] gkol ¥3 2t} (g4
0] 50-80%< Wl 1 gt 0.25-1). o] 2Ju|E FojH Eejgl
2k} FuljAlS shol|A] Fo1x] o] & w7 ZThH CCCo
2]%5°] HPLCol| Hlgte] &Xl $Fsith= Bloth &
A FE5e 47 S8l 23 o]t o Holx "t
= Aolt} [16].

Table 1. Operation variables of HPCCC (DE, Spectrum-HPCCC
Unit)

System variables Operation conditions

HSES or HDES

ID 0.8 mm, OD 1.6mm, PTFE material

Column volume 18 mL - 120 mL (from analytical to preparative)
Solvent system 2 or 3 components

Column rotating speed 200 - 1,600 rpm

Mobile phase rate 0.1 - 10 mL/min

System
Column

CCC2| 7|2 Al&H

Ito= CCCE 7 7HA¢ 7|& A|&FHo= FEa3Th
A WA= AZHPGA| 2] (hydrostatic equilibrium system,
HSES)o|a tg& 3= 58 H A 2H (hydrodynamic
equilibrium system, HDES)©|t} [6]. A ZH A 250l A
AP 1AE 23Xy dd FEHIFoH o] FH
FY9] ojH YX|AAME YA 283t FHH A2
< ) FYRHO] Fo| F& wEt J|HehAA] “FE ol
Ol £ 1S HEe S S WA Ho] Y9 94X

T asel Ak T A8 wE Q8 el o
o 545 7912 AAFOA SojRc, o] & mAY
%3} HBY FE 93 I28A &2 S Tk HDESE

<
ol Fde wEste g fFreldtth. HSESY 8&&
SHA717] A8l Z710le Ad BdY] Z2HS AR5k
O Hole WA AHS ARSSHA] et ©]
A|2=]lS E-83 771 7P Wol 4eixl 2dlo] droplet
counter-current chromatography (DCCC)%} centrifugal
partition chromatography (CPC)¢|t}. $FH HDES+ t}efsh
Fel7t SAEE 7 Fo] A EE F31 91X W
wHstel T A £xo) 3 RAFE] HIE Tl
w2} AJolsA "ok Itos AF-FElE L L, J, X type2 =
THSIAIL ©] typete] theket At El7t SA)sHAl Hck
HDES A|2HlS &85t RdlE2 A R 28s
sk Aok 7P & dejR Ao] synchronous scheme
Jo] 713l w2} % high-performance (or high-speed)
counter-current chromatograph (HPCCC)©]t}. Type-J
multilayer coil planet centrifugeS AH8-3F £+ HPCCCOl
AREERE Ao Yt sk Wk tigh 18-S o}
ol JERHIT (Fig. 5). LdelM He ZAA" F 7] 710
7} gHEy Fop A R 55 YElET, XS
FW7F LS 7+ £ 2 FF o= Aloll (synchronous)
22 ke 2 RARITE Hzxo| VA FHE ] AF2
2] £xof g5 73 LA =& HPLCO HIst
o] $59} §&WoA] ofF] H ST 2 oA vk
CCCE Aol FA, Alge] hdgt 3, 77184 X
Hl-&2] ARe 5 73 e xle] EAIgt HPCCC A2
glo] A|Zw|o]AZE [1] hydrostatic 2~E}J2] A1 (HSES)
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FelE Z32 Armen InstrumentAle] CPC, == Tauto
BiotechA}2] HSCCC, %=1 AECS-QuickprepAte] Quattro
CCC 5°] 2191 [2] hydrodynamic 2~E}2e] 34| (HDES)
ZA] %45 Dynamic extractionA}e] HPCCCZ} tjiE 3 o]},

Type-J Synchronous Planetary Motion

multilayer coil

Axis of Rotation—-——-

Axis of Revolution —| -y P ——————————— 7

Fig. 5. Type-J planetary motion of a multilayer coil separation
column. The column holder rotates about its own axis
and revolves around the centrifuge axis at the same
angular velocity (w) in the same direction. This planetary
motion prevents twisting the bundle of flow tubes allowing
continuous elution through a rotating column without risk
of leakage and contamination [2].

pH—zone—refining counter—current chromatography

o] WPE-& HPCCC] ZHFH ] slU=EA ol3} 715
st E49] tigHtelell A o= deA Utk x40l
AFHOZ o] FoA Y ol FHH A 9aE £
SESAI7IAA dof F)ae) Filo] AL gtk Eg EE
T F5E0] Uzl I3 pKaat B A4 Aol wet
E=5o] Yt} YA F-F displacement chromatography
o FARSHH s 71 & FHOoEE AR FYEel Boh
© Aot} FYg HHoA 7]& HPCCC " ET 108
B2 Aol 7hssit) o] W MAYUSS A3
WAL=, A5 EHol| bromoacetic acid 732 7H4Ho]

Z=A8 7390l 2Hd-8ul7} (bromoacetyl-T;) o} G712
M35 Hlvks ARde] aAoIH [17].

CCC2| SfjArla=e] M

CCColA 273A] BrljA| 28-S Aelsh= & HPLCOIA
L=8vjo} A9 FAASE A= AR fAlsI T2
AReA2E AR TR} Salx, AsPdHE 28]a
B3| o] dAAodRo|t) ccCiEEe gviH 25k Bxe
oefst 279 §uliRFHs ghol FHlAIe] Aol & o]Fo]
379783} 72 AgolA Bl Aol Hulgk A7) %]
o} (Fig. 6). ol ThFst 23te] Sujz7do] oy o

FHA e} o o5 T UIFEE 3RO E o]Fo]
A A3, HE 4R T2 1 o] o= o]Fof AR
7+ 4 [6].

t i i i
El & Vm: Ve o k
E A 1 5 g
i i DV E :
5| | : : : :
[ &} 1 ] 1
51 : i i
©l i i
i i i
| i i
= | : :
o ' :
= :' ! L
3 >
2/1 t Volume 1 t
- X 8
[ = o o
5 E3 5= =8 EE~
9 8E 2§ 2 2271
= @ o @ [ a=a

Fig. 6. Important considerations in developing a separation
method. Elution time is determined by D. To keep run
times to a minimum, D values should be less than 5.0.
To produce the best separations, D values should differ
by > 0.5.

71873 EAY EFE 8l v 22 ks FEe
SujA] 2818 w2 4= Stk butyl alcohols/water (aqueous
salt solutions or buffers), butyl alcohols/methanol or ethanol/
water, butyl alcohols/formic or acetic acid/water, propyl
alcohols/aqueous ammonium sulfate solutions, and ethyl
acetate/water (aqeous salt solutions or buffers). ol
O HaL GF & He AR5 A v SuialzE s
18 4= Atk chloroform/methanol/water, chloroform/
methanol/propyl or butyl alcohols/water, chloroform/formic
or acetic acid/methanol/water, and butyl alcohols/water
(aqueous salt solutions or buffers). P}A|2}O. 2 ©F3l4=4L}
etherd] Z& &4& E/Fsl7] e thas 18d &+
21t} hydrocarbons/acetonitrile, hydrocarbons/methanol (5%
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water), and hydrocarbons/ethanol (10-20% water). E.C} 2}A|
Sk Y82 CcCCY #2]9} #HE generally useful estimate
for solvent system in CCC mixture (GUESS)E &
AT} [17-18].

CCCe| S8=0}k

CCCe| §&&ok= 73 tefsith ¢4 B2 22
AE3FsHEolz A, cCCr}t 7 A E85 3
t} [19-25]. CCC= 7100 AMEHE 223 A ol
gk dite 2 A 71 At gigtelgkar & 4= ok -
IAGY wEEE & 4 e 54 7 R
U H7tg e g FaEE Aol e Y Ze
A EalEE S 7P AR AS- cccel 3% &
AN FE7t 7seith 2FEES 2UE FUYE &
the 22 27] AAAE 34 Y9 F on Azt

o

o
25

¢

o

0,
o
o,

g =Y g Atk 53] EFsHH AL sk =2
2o Aedde us 28tk o3 off wF
atso] HA FHH S o]-8ste] BExdatar ohek
SE2HE dstaaste 245 £k o7 Erk
2 ZHEL FEEE He FEE EAshe T
4 (trace element)®] &= (enrichment)©]t}. CCC=
FZE712A ARgo] Thsetth 718 Ye 8
o]-gst M HE §H o BHE (FS FIIst 7718w
e TIAFOEAN) NAFEC R nFALE AHT
T Utk 53] cCC e tE AzviEH ) Hs)
scale-upo| Fgate] &5 F&]84] FX2ZA o] &3h=
ol &40] gtk = mg FEAANRY kgFE7HA A
1,000,00081 9] 2 =¥ &2 FAls=d 2 olzFol
= 7]&9|t} [24-27]. CCCE HPLC9}A ¥ gradient
elution® 5 o] &3t ol H2 F9o FAIE Y
e AEE 28, AT 4 Aok =3 &ujo] HA
& 2 7 AR Y FAHE -] BAAZES 523
Aoz GEAZ F AUtk CCCY gradientE T+ 71
A e 2215 FAEeH 2 AREE AP
A Eg=ol thsshes AIBIEE (ternary diagram)E 3
aste otk APAlNA dE] AMREE YRR
hexane/1-butanol/water (+ 0.5% TFA)o|H Eo| FH-3}
0] A ot} 1A} (stationary phase, SP)S H]F35}
o] %7] o]/ (initial mobile phase, IMP)ol| 4] ZFo]F
¢ (final mobile phase, FMP)< “3H & oA A ke
Gradient$-ol §&9] W& AAHh & o] FH3
go] o]Fdo] = Floltk o]FA F= FHlE = ©]Y
2 B3t £EA 4] AR BElE AR s ¢
U= 2Ao] 7Festthe Aolth BE AddlA octanol/
water system2 o] AL8-517] W&o o]E 0|83 flask
testS AX|A] EIAE CCC O =2 octanol/waterS ©]-8-3F
718 Al ALt (Kow)©l 7Fsshet [6,16]. 213 AR

5 9% f8F 4L ted 2o

MUl [ e B O 1 X2 o o o r &30 A

[0 2 ol

Vi = Vy + Kow X Vo

V: : the retention volume in CCC column.
Vw : volume of water in CCC column.
V, : volume of octanol in CCC column.

ojuf 8- (£)2 mobile phase®|t}. EF octanol©|
mobile phaseZ A2 F&= Jth

CCCY] HEE vA= F&l s 71240 A+2x=
Al oo Zlo] St -9 A& ot SHE 2
el fA=s 12473e] ol F7I8IAeH o204 (N)

= A%%S Yehlo] AH Y
3]3& 57} HPCCCE o83 &9 22, Al Al vi-
TR 94%S & T AT [4,10,25]. o5/ 0]
S7VEGE B89 AFAIEE 95EY 2 Ul {5
= 178739 o) rAsle] Bl ago] AslE o o
O B yARe s HlE Ao R ghasie] HPCCCE ©
|5 249 g, AA| Al 71719 FelgE Eeles 1
3 AAES o)l 15 28T vt Atk olsdY
elution *}2loll 2 AH | 1 FAES 579 24
H Ao A ARE3SE chloroform/methanol/water -8-1j A]2~E]
slollME RS o5 o= JEg 79 tail%ell 4] head
Z 3 S-S olFd e R Ydt 9= headollA tail
% WheFo] a4 elution EFolkal A|QME 4 Stk
LA 25l 9] pH7} 2.09014 10,002 S7182 A
] FAEE 7} 73.8%NH 68.9% 2 HAshe B
UERASITE. SajA|2Rlle] 353} S Afo]o] AAgEe
A& S7Fsted pH 8.0014 2 5715k Foil pH 10.00]
Al Zaekedeh weba] 8ujA)l=Ele] pHE 2Hs] 2ds)
of Fstaz} she 249 BIAGE GA 22 5 Q)
o & T AU [28]. SHiAI2ElY] dE= (4, KC)7}
HPCCC®] £e|a&o] vAl= F&e dokd 23 KC19|
ol b A U] 18 A& Wl 2 SujAl2Ee]
AdgEelle A S PIAA FuTh Suir=e =
el 2 EEAIG] WM3h= blending solvent?] methanol
el SR 1t Bujr|zEle] SRl 7E ZHA el
e} st gk B4 s Ajolrt HAste] &
A kel 190l 2Hse AES YeriIT 28] A
Sutherland®] 9727} ol| W= HPCCC7} ARL 18] wi
£ 52 FEEe ol ofeke AdE Bulsl] st
o] CCC AW 35 Higlo = 52 85 (throughput)
< ZUAe ARE SR & =2 dA4EE 74
FozM wL o)F AHINE 18s & B
A== ST B3 7)1E B3 H (1 mg/min) 1,000H)
U &) AXZ (1 g/min & 0.5 kg/day) =AY o)
7VFsdle Bustyth [25-30].
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CcC

4

2l

[l
AL

o|gst MAS

CCC= oln] &3d o2 Ry IR/ %o ¢
flavoglycoside®] thaEglol ull-¢- a3}2Q1 Ao Z Yeht
o} [31-32]. oAl &miA=ElH HPCCCE o83t 14t
o 2HE ASHEZAR] saponing UF B2 53
o} [33]. 24 Q1) saponin®] FEujAlGRol] wWE 1At
saponin w2]ol| 33t BujA)2E]-2 chloroform/methanol/
water (40/39/21, v/viv)Z ZA= 2 HPCCCY| Aex
AL chloroform/methanol/water SjA|2=H 9] 3&EHE
o) 5402 Flhead to tail modeo] o1&l f<: 5 mL/min,
2F#ZEE injection® 200 pL, ZH3)AEE 800 rpm <]
7ol A3t Aoz BeET olefd ZAsNA £

214t saponin®] 2 550.7 pg L2 HPCCCO| FY3H
AMFZEE 200 pLgoll SAISk= % saponin®] o 864.5 ng
| Blsle] AAFE-2 63.6%= VERSTE [21]. 2 Al
AYEUS BEdhs A2 prep HPLCS HPCCCE 2
sle] ARE-3E B a1o]] whE™ n-hexane/n-butanol/methanol/
0.02% TFA (1:9:1:9, viv)Z ARE3IS W 96% o]
TEEA 7Y AEUS B2 5 AT [33]. oA
HPLCS} HPCCC= 73278741 BA7} ope} Ao uet
Q1 FAIQ) ZAlT) =30l 23HE 7HEIZ1F-2} black teaol
3¥3+E theaflavins (TFs)E HPCCCZ E&3lH= A7}
o Fxolx] BaEe} [31-32]. HAEZFEH o]
g2 A st e 7% HPCCCE ©]-&3te] 213
T} [34]. Hexane-ethyl acetate-methanol-water-acetic acid
(1:5:1:5:0.25, v/v)] &ulZd= 2 mL/min®] o]&%
434 700 ipme] BE IHEEE o] 8slo] =g FE o
s 9T F AAT (Fig. 7).
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Fig. 7. HPLC and HPCCC separation of enriched extract from
Laggera pterodonta. Peaks 1, 2 and 3 correspond to
3,5-O-dicaffeoylquinic acid, 3,4-O-dicaffeoylquinic acid
and 4,5-O-dicaffeoylquinic acid, respectively [34].

Taxol2| 22| ¥ Hx|

FAAEAAA 25 FEEES siEe A771 F
= ol A3P=) a1 1o [35-37], Taxol (paclitaxel)> &+
daso] 9538le] v FDARNH FIAZ AT
322 dAELICko T =2 purity (> 99%)<] Taxol<S
Arkst7) SsliMe el - BAl 780 B2 olH, HPLC
WS 283 e - BA| 3780] BiFolt). < HPCCCE
0]-8-3t crudedt paclitaxel ZFE 99% ©]42] purityS
D= A2 HaElon, ofejgh A9 7129 HPLC
oA e] A|9Fd (pretreatment, sample loading, solvent
usage, run time etc)S =-3}aL, high purityS Q-75h= A
of ®opoll7kA] HPCCCE #-87Fs 3 & 4 Ut [37].
%37 Dalian Institute of Chemical Physics (DICP)o| A=
68%2] crudedt Taxol-S- HPCCCS AH|Z o]-8-51¢] 99%09]
9] purity 2 22} A 771 B =Sl [35]. n-Hexane-
ethyl acetate-methanol-water (1 : 1.1 : 1 : 1.1, v/v)<] -8
ZA3} o]54 74 6 mL/min X 1400 rpm¢] I HEES
ol-g3}d 99% olde] £ 7IARE TaxolS £2|E = 3l
Atk o) AR Bl o5/ 300 mL B AHAVE 160 mL
S ¥3 F 460 mLe]™, crudedt Taxol 1 g 767 mL2]
|ui7h ARS-E AT

HPCCC2| AAY & (scale—up)

cccY 7pd & AAF9] stue =AY ol due
Aotk Jevt BE £79 CCC7}F oF 23 AL o,
HSES9] 7Z-telle Ao Aol 2ol 2AY ¢o] 44
2t} HDES®| 74 2ol 7idE HPCCCY| 735 ARt
wWEh= WRo g GA 2AY PS8 = Aoar dEA 9
tH25-26]. webA] 20 mL ZHT} 120 mLe] AH Afole]]
= 1169 AFR7} EAIgtL o] AgHle)] 5o} A5
R} o) 5ol H4-8 WS Foh 4 B2 AIYNA
A7 218 Fo v 2HnE o] gsle] 2 AY 4 shd
ok 2AY HollA T8 Al 22 2A| oA e
P HEE T3] 2 AN SAE T3 Bejsol o
Q1) dl= Aotk o] AL A¥ 2AY 9 (linear scale-up)
olg}ar sl=d|, ol flavone AlE =22 o]&83 AT E
3] HSCCCY] 7Z5- ol&fsh A&dAdo] IA 7fagoe] ¥
SR [25-26]. ©] W 23S HF= SujAl2=E], A|59] &
T, A5 Y 79, IHAEE, 4 Folth

A oW MYy

1970 3% o|gf& CCColl 3 o] A4 HAE3S}
Sho]] T3t Aol FHoll= JElol= T2 nHlo] A=
w3t A7} FdPE|o] -2 Ardo] ¥itjar & 4= Y} [27].
o]5 B3] CCCe RTHoIHA 7k 94 #H&
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HPLCE tiAIg 4= = 53t vidte] & oot 474 24
AL o] &3t vlo| e 54 HElv e AZE 2oks
NAE)E Holth dlE E9] dextran®} polyethyleneglycol
(PEG)T9] 771 4ol e FAHILEAVSS o8-8t
HAME, nlo] 2 YA}, 713, nlo]F e, nle]eHt 58
] R AZAE 5 e Aotk vkt E313 AA 3789
g2 7 BelFR CCCe A4 tsd S ) o)Al
AL Fopt Eekget E4o] x3d GAlEoklM= 13
o] HFla gt} AR o gE= FElo|=o] £, B A
a8l gE&olRe] w53 3=, 71¢ B2 FeliEekl
AMe TS a8t} o] ot XESHH FREFE CCCol
gk olsi= oS wWold Btk Aot AN F
O H5 $-8HE cccrt FiEo] Wi F 7HA] W
o=z Aol HEolol & Aoz BRItk ¢4 E&]<
H-890] Z71=o] HPLC YHE ®erIgto] T5s|ofof gt
E3] B33 31352 79 CCCe oF7HA] EEA|7to]
YT Atk @A) 100 @] #EE olFHH oF 1M =E7}
A= o] dalol) v 10,0009HS F2lsk=t] S2o]
AQETH EX B AgAEe] CCCE AT Aolth
T MR 8 (capacity)©] TS O StiE|ojo} gt} CCC
7} 53] o] wokllA] S 7HAAL Q7] wiEel oS 1%
k. CCCe & FYshe HISAHTTF &857] ufiel
Z710)| AQre AEH] o9 gule IR o] £
2=t wEA cCC Ahe wASAY AFdste AL
w2 3 A Aolt) o] & HPLCO HIs|A] F3
AAA ol vzt 2 glo] ¢34 Aol
HPCCC (52 HSCCC)= E39] Fe|AA| Fofoll A w5
Eol3t X E Ak ek AT 2AY 4] He
4 5 o9 7 ARE oy e AA W 52 A
S AANoF she HAIE AL ok 71ES] tgst A2
nET D)o} BAEA7EE 5o e BRI A
o R H WHE F 4 o

2 o

{2 ZvE 129 (counter-current chromatography, CCC)
+ g FEE gk /)] FHE Ulex] &Aoot
EE 39k A2yl o 2 A7 O Z = polytetrafluoroethylene
(PTFE) FE7} 222 HANE 9539 &0 37171 A
2 71918 B3l Evidom, ot Sy 3RS B FE
9] 719]-8- WA|SH= rotary seal-free flow centrifuge A]Z~%)
o2 Fodt). 94 HPLC (reverse phase HPLC)ol A=
a7g7de] Agjrtel AgtE {715 (organic moiety)©]
T84 o5 E4ol oalix] &S} (solvated) == ¥HA
CCCe A7} thilell 743 S5l ool EejHe A=
i U7 g go] Hw o] gske] FujHlE-S 20-30%
of o]&thk & TAEA AgH F71Es7] thilel E2
4101A] 2= hexane 22 F718AI7F GO Z A= A

oty & AFAZrET ] (high-performance counter-
current chromatography, HPCCC)= CCC9] 7152 A
71 B AI=HIO 2 A =& TSN &2 olFA) £

& HYEEsY #2 FEAks 540 s itk
53] mg ToA kg TEY ALYl AFHo=E s
Sithe 2 A4S Ayt Stk o] FAdA = AR 7
H CCCo] YurAQl o]&8 71eFs] Aglskal 4] HPCCC
1] g oS AR T -§-8okEA A EEY
B 9 A BEE A7EES AHEskinh

a Al

E =52 20099 A ARSI EAK 719 aT
A Qs 43 Ayjolr, o] A= Th

A9 20010d 2€ 259, AASS] 20109 6E 24Y
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