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High Speed Counter-Current Chromatography (HSCCC)
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General principle of counter-current chromatography (CCC)
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The solutesto be separated partition themselves between two
immiscible liquid phases. The partition coefficient for each
soluteistheratio between the concentration of the solutein the
stationary and mobile phases, respectively:
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Thus, K=1 meansthat the solubility of the soluteisthe same
in both phases. K=10 meansthat the soluteis 10 timesmore
solublein the stationary phase and will be strongly retarded.
Soluteswith K=0 isexcluded from the stationary phase and
will be eluted after one mobile phase volume.
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Counter-current extraction
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Fig. 2 Countercurrent extraction in separatory funnels, keeping the
lower phase stationary.
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The great pioneer in counter-current chromatography during
the 1940:es and 1950: es was
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Dr. Lyman C. Craig at the Rockefeller Institute, New York.

Dr. Craig built a very complicated multi-tube glass apparatus
that could accomplish several hundred phase transfers. This
apparatus was manufactured and sold to many laboratories
all over the world and was generally called the "Craig
machine”.
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Fig. 5. Schematic drawing of individual units of a countercurrent distribution train.
(Taken from Techniques of Organic Chemistry, Vol. 111, A. Weisssercer (Ed.), Inter-
science, New York, 1950.)
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Fig. 4. A 30-tube countercurrent distribution train.
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Fig. 13. Photograph of a 1ooo-tube automatic distribution train.
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Figure 1-1 Theoretical distribution curves of solutes of various Partition Coefficients from 0.1
to 10 in the tubes of a Craig machine after 500 transfers with equal volumes of each phase

Bl. 7ECraighl 238+ 5003 BH )5 7 BL 7 BN 0. 131 10897 5T H9 18 5547 il 4%

The Craig machine was very tedious and complicated to put
together, to run and to maintain so it never became very popular.
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Some years later, the Japanese Professor Yoichiro Ito, later active
at theNIH in Bethesda, Maryland, USA, developed a new type of
counter-current machine based on centrifugation of a rotating coil
of Teflon tubing: " The Coil Planet Centrifuge Counter-Current
Chromatography Apparatus’.
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High Speed Counter Current Chromatography (HSCCC)
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Thelto” Coil Planet Centrifuge Counter Current
Chromatography Apparatus’, also called the ”High Speed
Counter Current Chromatography” apparatus (HSCCC) has
been further developed by Professor Zhang, Tianyou, at the
Beijing Institute of New Technology Application and by Mr.
Deng, Qiuyu, at Tauto Biotech Inc., in Shanghai.
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GE Healthcare Biosciences have signed a collaboration
agreement with Tautoto link their HSCCC machineto
AKTA systems for the purpose of TCM separation and
purification.
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AKTAbas ¢ connected to HSCCC TBE-300A via EIC-900
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Salvia miltiorrhiza Bunge, Dan-Shen in Chinese,
is one of the herbs that were classified as “Blood-
invigorating” in traditional Chinese herbal medicine
and were thought by ancient Chinese physicians to
make ‘‘sluggish” or ““stuck’ blood flow more freely.
Recently, human and animal studies demonstrate that
the herb has the effects of vasodilatation, protection
of cardiac muscles from anoxia, reduced platelet
aggregation and thrombus formation [1]. The major
active constitutes of this herb are tanshinones, in-

HSCCC Separation of TCM Componentsin Salvia miltiorrhiza Bunge

Solvent soluble components.

Przewaquinone A
Dihydrotanshinone |
Cryptotanshinone
Tanshinone |
Tanshinone 1A

Water soluble components:

3,4-dihydroxyphenyllactic acid
Salvianolic acid B
Protocatechualdehyde
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HPLC analysis ~ HPLC4#7
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HPLC analysis HPL C%#f

88.66% Cryptotanshinone - 87.41% Tanshinone

. 92.44% Tanshinone [l1A
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One-step separation and purification of
3,4-Dihydroxyphenyllactic acid
Salvianolic acid B and
Protocatechuic aldehyde
from Salvia miltiorrhiza Bunge by
high-speed counter-current chromatography

Ming Gu, Xiaolei Wang, Zhiguo Su and Fan Ouyang

Nationa Key Laboratory of Biochemical Engineering
Institute of Process Engineering
Chinese Academy of Sciences
Beijing 100080, P. R. China
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Water soluble components of Salvia miltiorrhiza Bunge

RSB HLEN

® 3,4-dihydroxyphenyllactic acid wasfir st isolated from Salvia
miltiorrhiza Bunge and found to be a coronary vasodilator and to
scavenge the free oxygen radicals.

® Salvianolic acid B has sgnificant scavenging effects on oxygen free
radicalsand protective effects on heart and brain injuriesinduced by
ischemia-reperfusion.

® Protocatechualdehyde (protocatechuic aldehyde) is normally used
asareference standard in analyss of related preparations of Salvia
miltiorrhiza Bunge.

Water soluble components of Salvia miltiorrhiza Bunge
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HPLC analysisof a crude water extract of
Salvia miltiorrhiza Bunge

TR RO € 20 AT 7S K P A

Volts

s L L L
0 10 20 30 40 50 60
Time(min)

A. 3,4-dihydroxyphenyllactic acid, F}Z &, 4.0%;
B. Protocatechualdehyde, J& JLZ<E, 6.4%;
C. Salvianalic acid B, F+Z i #2B, 0.63%.

HSCCC separation and purification of three water

soluble components of Salvia miltiorrhiza Bunge
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Purity: 94.2%
0 ~ Yield: 73.6%
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Solvent system: n-hexane-ethyl acetate-methanol-acetic acid-water=1:6:1.5:1.5:8;

IE CA¢- 2.8 ZBg-FRE- ZFR-7/k=1.6:1.5:1.5:8

Mobile phase: Lower phase; Flow-rate: 1.5 ml/min; Revolution speed: 850 r/min;

Detection wavelength: 280 nm; Sampleload: 100 mg/5 ml.
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Separ ation of twelve water extracted crude
samples of Salvia miltiorrhiza Bunge on HSCCC
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Nine samples (no. 1 to no. 9) of twelve batches of raw
material Salvia miltiorrhiza Bunge were supplied by
Tianjin TASLY Group Company from different
plantations of trueborn plant area, Shangnan, Shanxi
province.

Samples no. 10, no. 11 and no. 12 were obtained from
Changzhi (Shanxi province), Weifang (Shandong
province) and Jiangsu province.

HSCCC separation of twelve crude water extracts of

Salvia miltiorrhiza Bunge (1/2)
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HSCCC separation of twelve crude water extracts of
Salvia miltiorrhiza Bunge (2/2)
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Acronychia pedunculata (L.) Miq.
Lyt

Acronychia pedunculata (L.) Miqg. (Shan You Gan or Jiang
Zhen Xiang) isa small evergreen shrub widely distributed in
Indo-Malayan and Southern China. Theroots, stems, leaves,
and fruits of this plant have been used in folk medicine for
the treatment of diarrhoea, tussis, asthma, ulcers, itchy skin,
scales, pain, and rheumatism, and as an antipyretic and
antihemorrhagic agent as well asan aphrodisiac.
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Cyclooxygenase (COX) enzymes catalyze the conversion of
arachidonic acid into prostaglandins. There are two
isoforms, COX-1 and COX-2. COX-2 is not detected in
most normal tissues and is induced by mitogenic and
inflammatory stimuli and produces prostaglandins in
inflamed and neoplastic tissues.
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Consequently, selective COX-2 inhibition isnecessary in order
to minimize side effects caused by the inhibition of COX-1
by common non-steroidal anti-inflammatory drugs used to
treat different inflammatory disorders.
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A dichloromethane extract of Acronychia pedunculata stem
bark showing high cyclooxygenase-2 (COX-2) inhibitor
activity was chosen as starting material for itsisolation and
purification.
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The purpose of thiswork wasto determine the chemical
structure and biological activity of theinhibitor.

AHFFTH B AR T E S0 R AL S S AR A S v

19



The dichloromethane extract was first subjected to a silica
column clean-up step. It was then applied to the TBE-300A
HSCCC column from Tauto Biotech, Shanghai, connected to
a AKTAbasic chromatography system from GE Healthcare
Biosciences.
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HSCCC (FH , L #)5GE Healthcare Biosciences
AKTAbasicR &R HITHE.

° HSCCC on a TBE-300A connected to AK TAbasic system
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Preparative purification of A3 to high purity
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A3 (1-[2, 4 -dihydroxy-3', 5 -di-(3'’-methylbut-2'’ -enyl)-6' -
methoxy] phenylethanone) is one of the main components
in solvent extracts of Acronychia pedunculata and showsa
high COX-2 inhibitory activity.

A3( 1-[2 4-—5#-3 5- -3 -FETH-2"-1F%)-6 -8
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In thelarge scale purification of A3 the silica column clean-
up step gave an A3 purity of 35.7%. Using the optimized n-
heptane-ethyl acetate-methanol-water solvent system
(4:1:4:1, viv), 58.1 mg A3 with a purity of 98.9% could be
obtained after the HSCCC step.
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( 4:1:4:1, viv ) 3K 15 T 58.1 mgiy98.9% A3,
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HSCCC on a TBE-300A connected to AK TAbasic system

Absor bance (254 nm)
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n-heptane-ethyl acetate-methanol-water 4:1:4:1(v/v)

EBE-ZBR ZBR-BE- K ( 41:4:1,viv )

One-step separation and purification of
the alkaloid dI-tetrahydropalmatine

from Corydalis yanhusuo W. T. Wang

by high-speed counter-current chromatography

Ming Gu, Zhiguo Su and Fan Ouyang

Nationa Key Laboratory of Biochemical Engineering
Institute of Process Engineering
Chinese Academy of Sciences
Beijing 100080, P. R. China
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Corydalisyanhusuo W. T. Wang
FEHA R A WA

Sample: Crude extract of Corydalisyanhusuo W. T. Wang
. BEREERBRENERR T HRIRZN IR

Function: Promotes blood circulation, reinforcesvital energy
and alleviates pain
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Major component: Alkaloids
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Representative component: dI-Tetrahydropalmatine
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Representative component of Corydalis yanhusuo W. T. Wang
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Analysis of Corydalis yanhusuo W. T. Wang by HPLC
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0.6 - dI-tetrahydropalmatine, 20%
EHR Z R E20%

AU (280nm)

L
0 10 20 30 40 50 60
Time (min)

Column: Agilent 4.6X250 mm; Crude extract: 5 mg/ml, 20 pl;
M obile phase: methanol-water -acetic acid-triethylamine,
Phase A: 10:89.1:0.8:0.1, Phase B: 10:89.1:0.8:0.1,
Gradient: 0-10 min, 1-16% B, 10-35 min, 16-40% B,
35-60 min, 40-100% B;
Flow rate: 0.9 ml/min; UV detection: 280 nm

Separation of Corydalis yanhusuo W. T. Wang by HSCCC
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dI-tetrahydropalmatine, purity 92.7%, yield 95%
FERAR ZF, B HE92.7% , W F 95%
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Solvent system: n-hexane-ethyl acetate-methanol-water=4:6:5:5;
ECke- 2R ZPs-FEE-K= 4:6:5:53

Sample 25 mg/5 ml;

1.2 ml/min; 850 r/min; 280 nm
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