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Abstract

High-speed counter-current chromatography (HSCCC) with a two-phase solvent system composeéhexdne—ethyl
acetate—methanol-water system (5:5:7:5, v/v) was applied to the isolation and purification of alkaloids from the Chinese medicinal
plantEvodia rutaecarpdJuss.) Benth. Five kinds of alkaloids were obtained and yielded 28 mg of evodidnib@1fhg of rutaecarpindl(),

21 mg of evocarpindl| ), 16 mg of 1-methy-2-[(B,92)]-6,9-pentadecadienyl-4-)-quinolone (V ), 12 mg of 1-methyl-2-dodecyl-4-H)-
quinolone ¥) from 180 mg of crude extract in a one-step separation, with the purity of 98.7%, 98.4%, 96.9%, 98.0%, 97.2%, respectively, as
determined by high performance liquid chromatography (HPLC). The structures of these compounds were idettifitd Rynd'3C NMR.

© 2005 Elsevier B.V. All rights reserved.
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1. Introduction of Wu-zhu-yu productfb]. Here, some of these alkaloids are
separated by high-speed counter-current chromatography

Wu-zhu-yu, the dried fruit oEvodia rutaecarpgJuss.) (HSCCC). The two-phase solvent system composed of

Benth E. rutaecarpg, is a well-known traditional Chinese  n-hexane—ethyl acetate—methanol-water (5:5:7:5, v/v) was

medicine and officially listed in the Chinese Pharmacopoeia applied to the separation and purification of alkaloids from

[1], and has been used for along time in Chinese medical prac-the extract of Wu-zhu-yu. Five kinds of major alkaloids

tice. Wu-zhu-yu is used as a remedy for gastrointestinal disor- including evodiaminel{, rutaecarpinel(), evocarpinel(l ),

ders (abdominal pain, dysentery), headache, amenorrhea, andél-methy-2-[(&,92)]-6,9-pentadecadienyl-4-kl)-quinolone

postpartum hemorrhagg]. It has also been claimed to have (IV) and 1-methyl-2-dodecyl-4-H)-quinolone ¥) were

aremarkable central stimulant effect, a transient hypertensiveobtained in one-step separation. The chemical structures of

effect[2,3], and positive inotropic and chronotropic effects these alkaloids are shown kig. 1

[4]. In phytochemical studies, a wide variety of compounds

including alkaloids were found in the fruits of this plant. Al-

kaloids, including evodiamine and rutaecarpine, are the major2. Experimental

active compounds present in Wu-zhu-yu. Evodiamine and

rutaecarpine are often used as standards in the quality controp.1. Apparatus

* Corresponding author. Tel.: +86 6358230600. The HSCCC instrument employed in the present study
E-mail addressrenminliu@Ictu.edu.cn (R. Liu). is TBE-300A high-speed counter-current chromatography

0021-9673/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.chroma.2005.03.099



140 R. Liu et al. / J. Chromatogr. A 1074 (2005) 139-144

Evodiamine Rutaecarpine

Ry
' i 6 g 1w 12
Evocarpine A N N N N Ny
' 3 8! 7 9 1 13

1-Methy-2-[ (6Z, 9Z) ]-6, 9-
pentadecadienyl -4-(1 H)-quinolone \/\/\/W\/\

1-Methyl-2-dodecyl
-4-(1H)-quinolone

Fig. 1. Chemical structures of alkaloids frdtnrutaecarpa

(Tauto Biotechniqgue Company, Shanghai, China) with three  The nuclear magnetic resonance (NMR) spectrometer
multilayer coil separation column connected in series (1.D. of used here was a Mercury Plus 400 NMR system (Varian Inc.,
the tubing = 1.6 mm, total volume =260 ml) and a 20 ml sam- USA).

ple loop. The revolution radius or the distance between the AFZ102 plant disintegrator (Taisite Instrument Company,

holder axis and central axis of the centrifud® (vas 5cm, Tianjin, China) was used for disintegration of the sample.
and thes values of the multilayer coil varied from 0.5 at inter-
nal terminal to 0.8 at the external terminAK r/R, wherer is 2.2. Reagents and materials

the distance from the coil to the holder shaft). The revolution

speed of the apparatus can be regulated with aspeed controller All solvents used for preparation of crude sample and
in the range between 0 and 1000 rpm. An HX 1050 constant- HSCCC separation were of analytical grade (Jinan Reagent
temperature circulating implement (Beijing Boyikang Lab Factory, Jinan, China). Methanol used for HPLC was chro-
Instrument Company, Beijing, China) was used to control matographic grade (Yucheng Chemical Factory, Yucheng,
the separation temperature. AKTA prime system (Amer- China), and water used was distilled water.

sham Pharmacia Biotechnique Group, Sweden) was used to Wu-zhu-yu was purchased from a local drug store and
pump the two-phase solvent system and perform the UV was identified as the dried fruits &. rutaecarpaby Pro-
absorbance measurement. It contains a switch valve and &essor Yongqging Zhang (Shandong University of Traditional
mixer, which were used for gradient formation. The data Chinese Medicine, Jinan, China).

were collected with Sepu 3000 chromatography workstation

(Hangzhou Puhui Science Apparatus Company, Hangzhou,2.3. Preparation of crude sample

China).

The HPLC equipment used was Agilent 1100 HPLC sys-  Preparation of crude sample was carried out as following.
tem including G1311A QuatPump, G1315B UV-vis photo- The dried fruits ofE. rutaecarpawere ground to powder
diode array detector, Rheodyne 7725i injection valve with a (about 40 mesh) by using the FZ102 plant disintegrator.
20l loop, G1332 degasser and Agilent HPLC workstation. The powder (100 g) was dipped in 800 ml of ethyl acetate
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for 30 min, and then extracted by ultrasonic for 45min. 2.7. HPLC analysis and identification of HSCCC peak

The extraction procedure was repeated twice. The extractsfractions

were combined together and evaporated to dryness by rotary

vaporization under reduced pressure. Crude sample (6.2g) The crude sample and each HSCCC peak fraction were
were obtained. It was stored in a refrigeratot@ for further analyzed by HPLC. The analysis was accomplished with

use. a SPHERIGEL ODS g column (250 mmx 4.6 mm 1.D.,
5um) at room temperature. Methanol-acetonitrile—water
2.4. Selection of the two-phase solvent systems system was used as mobile phase in gradient mode as follows:

15:38:47 in 0-22 min, 45:38:17 in 22—65 min. The flow-rate

n-Hexane—ethyl acetate-methanol-water was used as th@f the mobile phase was 1.0mimih The effluents were
two-phase solvent system. The composition of the two-phaseMonitored at 254 nm by a photodiode array detector.
was selected according to the partition coefficiéf)tdf tar- Ildent|f|cat|on l°3f the HS%CC peak frai:;lon was performed
get compounds of crude sample from Wu-zhu-yu. The parti- bY “"H NMR and=*C NMR. "H NMR and™°C NMR spectra
tion coefficients were determined by HPLC as follows: about Were recorded on a Mercury Plus 400 NMR.
0.5 mg of crude sample was added to atest tube, to which 5 ml
of each phase of the two-phase solvent system was added. The ) )
test tube was shaken violently for several minutes. Then the3: Results and discussion
upper and lower phase were analyzed by HPLC. The parti- o -
tion coefficients of all components in sample were obtained 3-1. Optimization of HPLC conditions

according to the peak areas. . ) .
Several elution systems were tested in HPLC separation

of crude sample, such as gradient elution of methanol-water,
acetonitrile—water, methanol-acetonitrile—water, etc. The re-
sults indicated that when methanol-acetonitrile—water was
used as the mobile phase in gradient mode (15:38:47 in
gy . 0—22 min; 45:38:17 in 22—-65 min), good separation results
(5:5:7:5) was prepared by adding all the solvents to a S€Pa-..\,1d be obtained. The crude sample and peak fractions sepa-

ration funnel according to the volume ratios and thoroughly ated by HSCCC were analyzed by HPLC under the optimum
equilibrated by shaking repeatedly. Then the upper phase and;onditions. The chromatograms were showrFig. 2 The

the lower phase were separated and degassed by SonicatioQontent of evodiamine, rutaecarpine, evocarpine, 1-methy-
for 30 min prior to use. ) ey o PP ' i
The sample solution for HSCCC separation was prepared2 [(62,92)]-6,9-pentadecadienyl-4{h-quinolone and 1

by dissolving 180 f crud tract le in th .~ methyl-2-dodecyl-4-(#)-quinolone in the crude extracts
y dIsSolving -.cUmg of crude extract sample in th€ Mix= .5 16 569, 12.62%, 13.71%, 9.31% and 6.93%, respec-
ture of 2 ml of the upper phase and 2 ml of the lower phase

of n-hexane—ethyl acetate—methanol-water system (5:5:7:5,t|vely'

vIv).

2.5. Preparation of two-phase solvent system and
sample solutions

n-Hexane—ethyl acetate—methanol-water solvent system

3.2. Selection of two-phase solvent system and other
conditions of HSCCC
2.6. Separation procedure
A series of experiments were performed to optimize

The upper phase (stationary phase) and the lower phasghe two-phase solvent system for HSCCC separation.
(mobile phase) of-hexane—ethyl acetate—methanol-water Ethyl acetate—water, ethyl acetate—methanol-water, and
(5:5:7:5, v/v) were pumped into the multilayer-coiled col- n-hexane—ethyl acetate—methanol-water were tested as the
umn simultaneously by usil§KTA prime system, accord-  two-phase solvent system. When ethyl acetate—water was
ing to the volume ratio of 50:50. When the column was totally used as the two-phase solvent system, the target compounds
filled with the two phases, only the lower phase was pumped mainly partitioned in the upper phase. By adding methanol to
at a flow rate of 2.0mImin', and at the same time, the ethyl acetate—water, the partition could be improved. But the
HSCCC apparatus was run at a revolution speed of 900 rpm.phase separation could not be achieved when the amount of
After hydrodynamic equilibrium was reached (about half an methanol is high (ethyl acetate—methanol-water (5:4:5, V/v)).

hour later), the sample solution was injected into the sepa-So, ethyl acetate—water and ethyl acetate—methanol-water
ration column. The separation temperature was controlled atwere unsuitable for separation and purification of the

25°C. The effluentfrom the outlet of the columnwas continu- glkaloids in Wu-zhu-yu. The addition of-hexane to
ously monitored at 254 nm. The chromatogram was recordedethy| acetate—methanol-water system could improve the
50 min after sample injection. Each peak fraction was man- phase separation. The partition coefficients of the target
ually collected according to the chromatogram and evapo- compounds in n-hexane—ethyl acetate—methanol-water
rated under reduced pressure. The residuals were dissolve@lyo-phase solvent systems were determined by HPLC as
in methanol for subsequent HPLC analysis. given in Sectior?.4and the results were shownTable 1 In
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HSCCC separation, the iddglvalues are better in the range and n-hexane—ethyl acetate—methanol-water (5:5:7:5, v/v)
of 0.5-5. If theK-values are too bigger than 5, the separation were tested in HSCCC separation. Wheinexane—ethyl
time will be too long and the HSCCC peak will be extended acetate—methanol-water (5:5:6:5, v/v) was used as the
seriously. According to the&K-values shown inTable 1 two-phase solvent system, the separation time for 1-methy-
n-hexane—ethyl acetate—methanol-water (5:5:6:5, v/v) 2-[(6Z,92)]-6,9-pentadecadienyl-4-k)-quinolone and
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Fig. 2. HPLC chromatograms of crude extract from Wu-zhu-yu and HSCCC peak fractions. Column: SPHERIGELg2DIBIBn (250 mmx 4.6 mm |.D.,
5wm); mobile phase: methanol-acetonitrile—water (15:38:47 in 0—22 min; 45:38:17 in 22—65 min); flow rate: 1.0 mktataction wavelength: 254 nm; (A)
crude extract from Wu-zhu-yu; (B)—(F) peaks I-VRig. 3.
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Table 1
The K-values of the target components imn-hexane—ethyl 1000
acetate—methanol-water solvent systems
Solvent system (v/v)  K-values E

5 8001

0) () (1) (V) (V) &

5:5:5:5 3.05 6.32 9.21 193 1405 =) 600
5:5:6:5 1.90 3.60 5.26 .85 872 g i
5:5:7:5 1.09 2.23 3.21 .85 560 T
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1-methyl-2-dodecyl-4-(#)-quinolone were too long. When
n-hexane—ethyl acetate—methanol-water (5:5:7:5, v/v) was 200
used as the two-phase solvent system, good separation results ; , . ‘ . , : .
could be obtained and the separation time was acceptable. 0 100 21?&18 (enin) 300 400
Other conditions such as the revolution speed of the sep-
aration column, the flow rate of the mobile phase, and the
temperature were also investigated. When the flow rate of ,
2.0mImir L, revolution speed of 900 rpm and the separa- 4! =
tion temperature of 25C were employed in HSCCC sep- 900
aration, the retention percentage of the stationary phase  suw
could still be kept at 50% when the stationary and mobile % 700
phases were pumped into the column at the volume ratio "~ ¢
of 50:50. The crude samples from Wu-zhu-yu were sepa-
rated and purified under the optimum HSCCC conditions. b
The typical HSCCC chromatogram was showrig. 3. Five -
kinds of alkaloids were obtained in one-step separation and g -l
yielded 28 mg of evodiaming), 19 mg of rutaecarpinél(), 04 : T _ T
21mg of evocarpinelll ), 16 mg of 1-methy-2-[(8,92)]- 0 20 40 60 80 100 120 140I6018020?51%?5402@0230300320}40360.-80400420440
6,9-pentadecadienyl-44f)-quinolone (V) and 12mg of
1-methyl-2-dodecyl-4-#)-quinolone ¥) from 180 mg of Fig. 3. HSCCC chromatogram of crude extract from Wu-zhu-yu. Two-phase
crude sample. The recovery of these compounds was 93.9%splvent sys.tenn-hexane—ethyll acetate—n?ethanol—\(vater (5:5:7:5, viv); .mo-
83.6%, 85.1%, 95.5% and 96.2%, respectively. The purity bile pha.se. the_ lower phase,.flow rat.e. 2.0 mIrﬁnrevolunon speed: ]
; 900 rpm; detection wavelength: 254 nm; sample size: 180 mg of crude sam
was 98.7%, 98.4%, 96.9%, 98.0%, 97.2%, respectively, aspie dissolved in 2 ml of the upper phase and 2 ml of the lower phase; separa-
determined by HPLC. The chromatograms of HPLC and UV tion temperature: 25C; retention percentage of the stationary phase: 50%.
spectra of these compounds were showRigq 2
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(C-11), 112.6 (C-12), 138.8 (C-13), 147.7 (C-15), 126.0
3.3. The structural identification (C-16), 134.9 (C-17),127.1 (C-18), 126.8 (C-19), 121.0 (C-
20), 162.0 (C-21). Compared with the data givefiij) peak

The chemical structure of each peak fraction of HSCCC Il corresponded to rutaecarpine.
was identified according to ifH NMR data and3C NMR Peak Ill: 'TH NMR (400 MHz, CDCh) §: 8.45 (1H,
data. dd, J=1.6, 8.0Hz, H-5), 7.67 (1H, m, H-7), 7.51 (1H, d,

Peak I:'H NMR (400 MHz, CDC§) &: 2.54 (3H, s,  J=8.0Hz, H-8), 7.38 (1H, m, H-6), 6.26 (1H, s, H-3),
N—CHz), 3.01 (2H, m, H-6), 3.32, 4.90 (1H, each, m, H- 5.37 (2H, m, H-8 -9), 3.75 (3H, s, N-CH3), 2.74 (2H, t,
5), 5.95 (1H, s, H-3), 7.16-8.17 (8H, m, Ar-H), 8.34(1H, br, J=8.0Hz, H-1), 2.02 (4H, m, H-7, -10), 1.70 (2H, m, H-
N—H). 13C NMR (100 MHz, CDC}) §: 125.3 (C-2),68.4 (C- 2, 1.25-1.46 (12H, m, H/3-4, -5, -6, -17, -12), 0.93
3), 39.1 (C-5), 19.3 (C-6), 117.8 (C-7), 121.9 (C-8), 117.8 (3H, t, J=7.0Hz, H-13). 13C NMR (100 MHz, CDC}) &:
(C-9), 121.9(C-10), 118.7 (C-11), 110.8 (C-12), 136.4 (C- 154.9 (C-2), 111.1 (C-3), 177.9 (C-4), 126.7 (C-4a), 126.5
13), 150.1 (C-15), 122.3 (C-16), 132.4 (C-17), 128.4 (C-18), (C-5), 123.4 (C-6), 132.1 (C-7), 115.3 (C-8), 141.9 (C-8a),
128.2 (C-19), 120.3 (C-20), 164.5 (C-21), 36.4—0Hs). 34.8 (N-CHj3), 34.1(C-1), 28.6 (C-2), 29.2 (C-3), 29.2 (C-
Compared with the data given ], peak | correspondedto  4'), 29.6 (C-5), 29.1 (C-6), 27.1 (C-7), 129.6 (C-8), 130.0
evodiamine. (C-9), 26.9(C-10), 31.9(C-11), 22.3 (C-12), 14.0 (C-13).

Peak I1:1H NMR (400 MHz, CDC}) &: 3.25 (2H, t, H- Compared with the data given j8], peak Il corresponded
6), 4.63 (2H, t, H-5), 7.12-7.18 (7H, m, Ar-H), 8.33-8.36 to evocarpine.
(1H, m, Ar-H), 9.64 (1H, br, s, NH). 13C NMR (100 MHz, Peak IV: 'TH NMR (400 MHz, CDCj) §: 8.45 (1H,
CDCl3) 8: 127.7 (C-2), 145.5 (C-3), 41.7 (C-5), 20.1 (C-6), dd,J=1.6, 8.0Hz, H-5), 7.66 (1H, m, H-7), 7.51 (1H, d,
118.7 (C-7), 121.7 (C-8), 120.4 (C-9), 121.0 (C-10), 120.4 J=8.0Hz, H-8), 7.38 (1H, m, H-6), 6.25 (1H, s, H-3), 5.40
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(4H, m, H-8, -7, -9, -10), 3.74 (3H, s, N-CH3), 2.70 (4H,
m, H-7, -8), 2.08 (4H, m, H-5 -17), 1.40 (12H, m, H-2
-3, -4,-12,-13, -14), 0.89 (3H, t,J=6.8 Hz, H-15). 13C
NMR (100 MHz, CDC}) §: 154.6 (C-2), 111.1 (C-3), 177.8
(C-4), 126.6 (C-4a), 126.4 (C-5), 123.3 (C-6), 132.0 (C-7),
115.3 (C-8), 141.8 (C-8a), 34.1 {CHz), 34.7 (C-1), 28.5
(C-2), 28.9 (C-3), 29.3 (C-4), 27.0 (C-B), 129.4 (C-0),
127.6 (C-7), 25.6 (C-8), 128.5 (C-9), 130.3 (C-10),
27.1 (C-11), 29.3 (C-12), 31.4 (C-13), 22.5 (C-14), 14.0
(C-15). Compared with the data given[@y, peak IV corres-
ponded to 1-methy-2-[@B92)]-6,9-pentadecadienyl-4-)-
quinolone.

Peak V:1H NMR (400 MHz, CDC}) §: 8.45 (1H, dd,
J=1.6, 8.0Hz, H-5), 7.67 (1H, m, H-7), 7.52 (1H, d,
J=8.0Hz, H-8), 7.38 (1H, m, H-6), 6.26 (1H, s, H-3), 3.75
(38H, s, N-CHg), 2.73 (2H, t,J=7.8 Hz, H-1), 1.68 (2H, m,
H-2), 1.42 (2H, m, H-3, 1.25-1.33 (16H, m, H/4H-11),
0.88 (3H, tJ=6.8 Hz, H-12). 13C NMR (100 MHz, CDC})

8. 155.8 (C-2), 111.1 (C-3), 177.9 (C-4), 126.5 (C-4a),
126.7 (C-5), 123.4 (C-6), 132.1 (C-7), 115.3 (C-8), 141.9
(C-8a), 34.1 (N-CH3), 34.8 (C-1), 28.6 (C-2), 29.3 (C-3),
29.3 (C-4), 29.3 (C-B), 29.4 (C-6), 29.5 (C-7), 29.6
(C-8), 29.6 (C-9), 31.9 (C-10), 22.6 (C-11), 14.1 (C-12).
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