Available online at www.sciencedirect.com

S(HENCE@DIRECT‘ JOURNALOF
CHROMATOGRAPHY A

ELSEVIER Journal of Chromatography A, 1063 (2005) 241-245

www.elsevier.com/locate/chroma

Short communication

Comparison of high-speed counter-current chromatography instruments
for the separation of the extracts of the seed®mixylum indicum

L.J. Che#*, H. Sond, X.Q. LarP, D.E. Game$ |.A. Sutherland

a State Key Laboratory of Biotherapy and Cancer Center, West China Hospital, West China Medical School,
Sichuan University, Guo Xue Xiang, No. 67, Chengdu, Sichuan 610041, China
b Department of Pharmaceutical and Biochemical Engineering, Sichuan University, Chengdu, China
¢ Mass Spectrometry Research Unit, University of Wales Swansea, Swansea, SA2 8PP, UK
d Brunel Institute for Bioengineering, Brunei University, Uxbridge, UB8 3PH, UK

Received 27 July 2004; received in revised form 17 November 2004; accepted 22 November 2004
Available online 8 December 2004

Abstract

Analytical Milli high-speed counter-current chromatography (HSCCC) was used for the selection and optimization of the two-phase solvent
system to separate flavonoids from the extracts of the see@goaflum indicumThe optimum solvent system obtained from Milli-CCC
was also the best solvent system for preparative HSCCC and led to the successful separation of two crude flavonoids from the seeds of
O. indicumby Lab/Prep (laboratory preparative) HSCCC using different sized coils. Four flavonoids were isolated by preparative HSCCC:
baicalein-7-O-diglucoside (25.0 mg, 92% purity), baicalein-7-o-glucoside (50.4 mg; 95% purity), baicalein (75 mg; purity 98%) and chrysin
(100 mg; purity 98%).
© 2004 Published by Elsevier B.V.
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1. Introduction preparative HSCC(L,2]. Indeed, analytical HSCCC is al-
ready supporting method development and solvent selection
The selection of suitable solvent systems is the first and in preparative HSCCC with its short separation timespeedy
most important step in performing preparative HSCCC. A and minimum solvent consumpti¢a].
test-tube solvent system shaking test, thin-layer chromatog-  Oroxylum indicurris a small to medium sized tree found
raphy (TLC) and high-performance liquid chromatography in China and India and its importance has been described
(HPLC) are used to choose suitable solvent systems forin a previous pape#]. Flavoneq4,5] sterols and prunetin
HSCCC. To a certain extent, TLC provided useful informa- [6] have been reported in different parts of the tree. In
tion for the solvent selection process. But sometimes, TLC the seeds oD. indicum,amounts of bioactive flavonoids
gave false information due to the use of a solid support. Sev-such as baicalein-7-O-diglucoside, baicalein-7-O-glucoside,
eral papers have already shown that analytical HSCCC isbaicalin, chrysin, apigeninhave been identifigd. In re-
very useful for rapid solvent system selection and method cent studies, baicalein and chrysin have been reported to
development of preparative HSCCC and may become a usesshow anti-inflammatory, anti-allergj8] antioxidant and an-
ful method for the following applications: (1) in the develop- ticancer activities and baicalein showed a hypertensive effect
ment of methods for preparative HSCCC, (2) microscale sep-[9,10]. A recent clinical test has identified that the extracts
arations, and (3) measurements of partition coefficients for of its seeds can result in body weight loss and reduce post-
prandial blood—glucose. In this paper, analytical HSCCC is
* Corresponding author. Tel.: +86 28 85462566: fax: +86 28 85404578, USed for the systematic selection and optimization of the two-
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ethyl acetate extracts from the seed¥Xofindicum.Using with nitrogen to remove any dissolved gases. First, the coll
the optimized solvent system, preparative HSCCC separa-was filled with the upper phase (organic layer: hexane—ethyl
tion of the crude flavonoids are performed from the crude acetate) of the biphasic mixture. The coils were rotated
extract of the seeds d@. indicumon three different sized in a direction to orient the coils head (centre) to tail (pe-
coils. riphery) and at the speeds given in figure legends. Lower
phase (aqueous: methanol-water) was pumped into the coll
from head to tail at a constant flow rate. At first station-

2. Experimental ary (upper phase) was displaced. When the mobile phase
came through and two layers were observed, the equilibra-
2.1. Solvent and reagents tion point was determinate when no more stationary phase

was eluted (hydrodynamic equilibration). The retention vol-
Analytical grade solvents used in this study included ume of the system could then be calculated by subtracting
hexane, ethyl acetate, methanol and water. All these sol-the volume of the stationary phase eluted at the end of the
vents were purchased from Fisher Chemicals (Loughbor- equilibration process and extra volume from the total volume
ough, UK). All solvents were degassed prior to use. [12].

2.2. Apparatus . e
2.5. Analyses and structural identification of CCC peak

Two HSCCC instruments were used in our research. Both fractions

were supplied by Brunei Institute for Bioengineering, Brunei

University, Uxbridge, UB8 3PH, UK. One is a new low vol- All peak fra_ctiqns were analyzed using on-line high-
ume capacity Milli-CCC device, achieving high resolutions performance liquid chromatography-mass  spectrometry

in minutes as opposed to hout<]. The Milli-CCC J-type (LC-MS) and their retention times compared to those from

centrifuge has gears enclosed in a lubricated case to minimizes't"’md"jIrd materials.

noise. Its volume with one coil mounted in a cantilever style

is 4.6 ml with 10 m of 0.76 mm bore tubing. The extra coil

volume is 0.34 ml and (three range 0.68-0.79. Itwas run at its 3. Results and discussion

maximum speed of 2100 rpm. The other one is a Lab/Prep J-

type coil planet centrifuge HSCCC. This CCC has four coils 3.1. Separation of flavonoids of sample 1 by Milli-CCC

of 1.6 mm bore PTFE tubing that are wound tightly on two

separate bobbins on one rotor; each bobbin containing two During the selection of two-phase solvent systems,

concentrically wound coils of PTFE tubing with a total vol-  solvent systems composed of chloroform—methanol-water
ume of 495 ml. In our studies, a rotational speed of 1100 rpm and hexane—ethyl acetate—methanol-water with differ-
was used and three column configurations were chosen. Thei€nt volume ratios were applied for sample separation.

column volumes with § values) were 49.9 ml (0.83-0.86), Both solvent systems can affect the separation of crude

94.9 ml (0.80-0.86) and 169.9 ml (0.70-0.80). flavonoids but a solvent system composed of hexane—ethyl
acetate—methanol-water was chosen for the separation
2.3. Sample preparation of crude flavonoids for environmental considerations.

When a solvent system composed of hexane—ethyl acetate

The seeds of. indicumwere ground into powder af- Methanol-water (1:1.2:1:1) was applied to the separation
ter freezing them by liquid nitrogen. Two hundred and fifty Of crude flavonoids from the seeds Gf indicum, Milli-
grams of a yellow powder of seeds was refluxed for 8h in CCC gave good resolution for the separation of flavonoid
1000 ml of 90% methanol; the extract was then filtered and components of sample 1. Three components 2—4 were re-
evaporated. The residue was redissolved in 500 ml water andsolved very well and component 1 was retained in the
extracted three times with ethyl acetate. The layer of ethyl ac- Stationary phase and was pumped out afterwafi. 1
etate was evaporated to dryness and y|e|ded 25.5¢g Qfaye”ov\ﬁhOWS the separation results at different flow rates by Milli-
powder. The layer of water was extracted with 508 ml bu- CCC. Sf was defined as the percentage of stationary vol-
tanol and the layer of butanol was evaporated to dryness andume retained in the coil divided by the coil volume and
yielded 15.5¢ of a deep yellow powder. The extract from the k=1 point (the system volume) was marked by the
ethyl acetate was labelled as sample 1 and the extract fromarrow.

butanol was labelled as sample 2. Fig. 1 shows that Milli-CCC separates three components
in 25 min at flow rate of 0.5 ml/min and gives very good res-
2.4. HSCCC separation procedure olution for the separation of sample 1. When increasing the

flow rate to 2.0 ml/min, three components can be separated in

A biphasic mixture of hexane_ethy| acetate—methanol— Only 6 min still with gOOd resolution. The whole COﬂSUmption
water was prepared in different ratios and purged 10 min Of solventis only 30 ml.
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Fig. 1. HSCCC chromatogram of the separation of sample 1 at different flow rates by Milli-CCC: (a) 0.5 ml/min, Sf=75.2%; (b) 1 ml/min, Sf=50.4%; (c)
1.5ml/min, Sf=33.2%; and (d) 2.0 ml/min, Sf=30.3%xperimental conditionscoil volume: 4.6 ml; solvent system: hexane—ethyl acetate—methanol-water
(1:1.2:1:1); stationary phase: organic phase; mobile phase: agueous phase; rotation speed: 2100 rpm; sample volume: 0.2 ml; sample c2hoegitrdfion:
direction of motor: forward direction.

3.2. Separation of flavonoids of sample 1 in column tions were collected from 34 to 43 ml (peak 2), 50 to 63 ml
volume of 49.9 ml (peak 3) and 73 to 95 ml (peak 4) and pumpout (peak 1) and
evaporated to dryness, analysed by HPLC and found to be

When the same solvent system composed of hexane—ethymore than 98% pure. This result shows that the optimized

acetate methanol-water (1.2:1:1) was employed for the sep-separation conditions of Milli-CCC can be used to evaluate

aration of sample 1 using HSCCC with the smallest 49.9 ml solvent system for semi-preparative HSCCC.

coil, similar results were obtained (sEa. 2) three compo-

nents were separated in 100 min with good resolution. Frac-3.3. Separation of flavonoids of sample 2 by Milli-CCC

3 Sample 2 is also the crude flavonoids of butanol extracts
2 3 4 from the seeds 00. indicum.When a solvent system of

251 hexane-ethyl acetate—methanol-water (1:8:1:8) was applied

24 to the separation of the crude flavonoids of sample 2, a good

resolution was obtained. Two components were isolated and
labelled as components A andBg. 3shows the separation
11 of sample 2 by Milli-CCC.
In this Milli-CCC, the whole separation time can be fin-
™ ished in 14 min with good resolution of components A and B
00 2'0’\ 40kql 60 %0 100 120 and very little solvent being consumed in the process. Com-
" time (min) ponents A and B were, respectively, identified as baicalein-
7-O-diglucoside and baicalein-7-O-glucoside by comparing
Fig. 2. Chromatogram of the separation of sample 1 using the analyti- their HPLC retention time with those of standard materials.
c_al/preparative HSC(_:(Experimenta_I conditiongoil volume: 49.9 ml; _sta— Component A gave the same retention time as that of peak 1
tionary phase: organic phase;.moblle phase: aqueous phase; rotation speed:f mole 1 and component B gave th me retention tim
1100 rpm; flow rate: 1.0 ml/min; sample volume: 1.0 ml; sample concen- of'sampie 1 and compone gave the same retentio €
tration: 20 mg/ml; solvent system: hexane—ethyl acetate-methanol-water@S that of peak 2 of sample 2. When the above solvent system
(1:1.2:1:1); direction of motor: forward direction; Sf=41.8%. composed of hexane—ethyl acetate—methanol-water (1:8:1:8)
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Fig. 3. HSCCC chromatogram of the separation of sample 2 by Milli-CCC. A B
Experimental conditionscoil volume: 4.6 ml; stationary phase: organic 2.57

phase; mobile phase: agueous phase; rotation speed: 2100 rpm; solvent sys-
tem: hexane—ethyl acetate—methanol-water (1:8:1:8); flow rate: 0.5 ml/min;
sample volume: 20Ql; sample concentration: 20 mg/ml; direction of motor: 1.51
forward direction; Sf=80.9%K =1 (with arrow) represents the theoretical
elution time of the coil volume plus dead volume.

Abs

0.51

was used with the preparative HSCCC for the separation of 00 0 20 %0 40 PP —
sample 2 in column volumes of 49.9, 94.9 and 169.9 ml, the Time (min) k=11
results are shown iRig. 4.

31
A B
3.4. Comparison of partition coefficients 2.5
24
Our studies of different scale HSCCC instruments from
analytical (4.6ml) to semi-preparative (49.9ml) HSCCC &'
for sample 1 show that Milli-CCC separations at 2 ml/min <)
(Fig. 1d) give very good prediction of phase partition be- 05,
haviour at the higher scal&ig. 2). The partition coefficient '
values measured from the chromatograms were 0.3, 1.8 and © y v T T n
0 20 40 60 so [ 100

4.5 for Milli-CCC with peak resolutions Rs, R$3 andRs13 ©) Time (min) e

values of 1.56, 1.32 and 2.37, respectively, and for the Brunel-

CCC were 0.4, 1.3 and 2.4 with peak resolution values of Fig.4. HSCCC chromatograms of the separation of sample 2 on the prepara-

1.29, 1.51 and 3.00, respectively. Our studies of different tive HSCCC with different volume of coil&xperimental conditionsolvent

HSCCC instruments from analytical cce (4.6 m|) to prepar- system: hexane—eth_yl acetate—methanol-water (1:1_.2:1:1); stationary phase:
. . organic phase; mobile phase: aqueous phase; rotation speed: 800 rpm; sam-

ative CCC (169.9 ml) for the se!oaratlon of _s_ample 2 ShOV_\IGd ple concentration: 20 mg/ml; flow rate: 2.0 ml/min; direction of motor: for-

that the solvent system and optimum conditions of analytical ward direction; coil volumes: (a) column volume 49.9 ml, Sf=72.1%, sam-

CCC give the same results as those of preparative HSCCCple volume, 1.0 ml; (b) column volume 94.9 ml, Sf = 65.3%, sample volume,

as itis quick and the solvent Consumption is low. For this 2.0mi; (c) column volume 169.9 ml, Sf=44.9%, sample volume, 4.0 ml.

phase system, the Milli-CCC separation at 0.5 ml/min was

a good predictor for phase partition behaviour at the higher

scale. Their partition coefficients for Milli-CCC (4.6 ml at 4. Conclusion

0.5ml/min) were calculated from the chromatograms as

Ka =0.22 andKg =0.85 with a resolution Rs=1.36 com- We compared different column volumes from analytical

pared to the larger coil on the Brunei CCC (170ml at to preparative scale for the separation of flavonoids from the

2.0 ml/min) with aKa =0.08 andKg =0.58 and a resolution  seeds oD. indicum Analytical CCC gave similar resolution

of 0.90. to preparative CCC. Hence, analytical CCC is the best way
The solvent system of hexane—ethyl acetate—methanol—for rapid selection of solvent system for preparative CCC. In

water is a good choice for separation of flavonoids from nat- Milli-CCC, the whole consumption of solvent from run to

ural products by HSCCC. Note that the partition coefficient run is a few millilitres in minutes as opposed to hours. This

(K) was defined as the solute concentration in the agueousseparation time can compete with that of HPLC. Analytical

(stationary) phase divided by that in the organic (mobile) CCC therefore is a valuable complementary analytical tool

phase. in analytical laboratories.
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