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Abstract: A high-speed counter-current chromatography (HSCCC) method was
established for the preparative separation of three sesquiterpenoid lactones from
Eupatorium lindleyanum DC. The two-phase solvent system composed of n-hexane—ethyl
acetate—methanol-water (1:4:2:3, v/v/v/v) was selected. From 540 mg of the n-butanol
fraction of Eupatorium lindleyanum DC., 10.8 mg of 3B-hydroxy-8B-[4'-hydroxy-
tigloyloxy]-costunolide, 17.9 mg of eupalinolide A and 19.3 mg of eupalinolide B were
obtained in a one-step HSCCC separation, with purities of 91.8%, 97.9% and 97.1%,
respectively, as determined by HPLC. Their structures were further identified by ESI-MS
and "H-NMR.
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1. Introduction

Eupatorium lindleyanum DC. (family Compositae) is a traditional Chinese herb. Its aerial part,
called ‘Yemazhui’, shows antihistaminic, antibacterial and antioxidant activities [1-3], and is
traditionally used for the treatment of inflammation and asthma, as well as throat disorders [1].
Previous phytochemical investigations [4—7] on this species have been found a variety of secondary
metabolites such as isoflavonoids, sesquiterpenoid lactones, and triterpeniods. Among them, the
sesquiterpenoid lactones, which had very similar skeletons and considerable diversity in number, were
considered as the major active constituents [6], so the development of rapid and economical methods
for the identification of these sesquiterpenoid lactones is of great significance. However, their
preparative separation and purification by conventional methods is tedious, time consuming, with low
recoveries and high cost [8,9].

High-speed counter-current chromatography (HSCCC) is a liquid-liquid chromatographic technique
based on solvent partition that eliminates irreversible adsorption of samples onto the solid separation
materials and produces excellent sample recoveries [10]. Thus, this method has been widely used for
separation and purification of various natural products [9,11-16]. However, there is no report on the
use of HSCCC for the isolation and purification of sesquiterpenoid lactones from FEupatorium
lindleyanum DC, thus we report herein an efficient method for the preparative isolation and
purification of three sesquiterpenoid lactones (structures shown in Figure 1) from Eupatorium
lindleyanum DC. by one-step HSCCC.

Figure 1. Chemical structures of three sesquiterpenoid lactones from FEupatorium
lindleyanum DC. (1: 3-Hydroxy-8B-[4'-hydroxytigloyloxy]-costunolide; 2: eupalinolide A;

3: eupalinolide B)

OH OH OH

2. Results and Discussion
2.1. Selection of Two-Phase Solvent System and Other Separation Conditions of HSCCC

In an HSCCC separation, the selection of a suitable two-phase solvent system is the first and most
important step, and a good solvent system can provide an ideal partition coefficient (K) for the target
compounds in the range of 0.5-2.0. In this experiment, the solvent system composed of n-hexane-ethyl
acetate-methanol-water at different volume ratios was investigated and the K values of the target
compounds were shown in Table 1.

The results indicated that the solvent system of n-hexane—ethyl acetate-methanol-water at the
volume ratios of 2:4:3:2 (v/v/v/v) had small K values for the three compounds, and the solvent system
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n-hexane—ethyl acetate—methanol-water (1:4:3:3, v/v/v/v) provided suitable K values for separating
compounds 2 (K value: 0.61) and 3 (K value: 1.26) but was unsuitable for compound 1 (K value: 0.26).
On the other hand, the K values of compound 2 (K value: 3.38) and 3(K value: 5.51) were very high in
the solvent system n-hexane—ethyl acetate—methanol-water (1:8:4:6, v/v/v/v), but when n-hexane—
ethyl acetate—methanol-water (1:4:2:3, v/v/v/v) was used as the two phase solvent system, the K
values of all the compounds were suitable for separation. Therefore, this two-phase solvent system was
selected for the HSCCC separation in the present paper.

Table 1. The partition coefficient (K) values of the three sesquiterpenoid lactones in
different solvent systems.

n-hexane-ethyl acetate-methanol-water Partition coefficient (K)
(VIVIvIv) K, K, K;
2:4:3:2 0.06 0.14 0.28
1:4:3:3 0.26 0.61 1.26
1:4:2:3 0.54 1.40 1.94
1:8:4:6 1.64 3.38 5.51

Other factors, such as the revolution speed of the separation column and the flow rate of the mobile
phase, were also investigated. The results showed that when the flow rate was 2.0 mL/min and the
revolution speed was 900 rpm, the retention percentage of the stationary phase could reach 50% and
good separation results could be achieved.

2.2. HSCCC Separation of Crude Sample

Under the optimum separation conditions, about 540 mg of n-butanol fraction was separated and
purified in one step by HSCCC. The corresponding HSCCC chromatogram is shown in Figure 2.

Figure 2. HSCCC separation chromatogram of n-butanol fraction of the Eupatorium
lindleyanum DC. ethanol extract. Solvent system: n-hexane-ethyl acetate-methanol-water
(1:4:2:3, v/v/v/v); flow rate: 2.0 mL/min; revolution speed: 900 rpm; detection wavelength:
254 nm; column temperature: 25 °C; sample: 540 mg of n-butanol fraction dissolved in
10 mL two-phase solvent system. Peaks 1, 2 and 3 correspond to 3B-hydroxy-8p-[4'-
hydroxytigloyloxy]-costunolide, eupalinolide A and eupalinolide B, respectively.
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The separation time was about 330 min in each separation run. Figure 2 showed that the three
compounds were eluted in order of increasing K value and good resolution could be obtained. HSCCC
is based on the principle of the partition coefficient of the solutes between the stationary and mobile
phases [10], so the solutes were eluted from the multilayer coil separation columns in order of their
partition coefficient. Finally three fractions were collected, the fraction from peak 1 of this separation
yielded 10.8 mg of compound 1, the fraction from peak 2 yielded 17.9 mg of compound 2, and the
fraction from peak 3 yielded 19.3 mg of compound 3. The purities of compounds 1-3 were 91.8%,
97.9% and 97.1%, respectively, as determined by HPLC (Figure 3B-D).

Figure 3. HPLC chromatograms of n-butanol fraction of the Eupatorium lindleyanum DC.
ethanol extract and HSCCC peak fractions. (A) Crude sample; (B) Peak 1 in Figure 2;
(C) Peak 2 in Figure 2; (D) Peak 3 in Figure 2.
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3. Experimental
3.1. Reagents and Materials

Analytical-grade reagents used for HSCCC separation were purchased from Sinopharm Chemical
Reagent Co., Ltd (Shanghai, China). HPLC grade acetonitrile was purchased from the Jiangsu Hanbon
Science & Technology Co., Ltd. (Huaian, China). All aqueous solutions were prepared with pure water
produced by direct-Q3 system (Millipore, Billerica, MA, USA).

3.2. Apparatus

The HSCCC instrument used in the present study was a TBE-300B high-speed counter-current
chromatography system (Shanghai Tauto Biotech Co., Ltd., Shanghai, China) with three multilayer
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coil separation columns connected in series (total volume: 280 mL, internal diameter of tubing:
1.6 mm) and a 20 mL sample loop. The revolution radius was 5 cm, and the B-values of the multilayer
coil varied from 0.5 at internal to 0.8 at the external terminal ( = r/R, where r is the distance from the
coil to the holder shaft, and R is the revolution radius or the distance between the holder axis and
central axis of the centrifuge). The revolution speed of the apparatus was adjustable from O rpm to
1,000 rpm. An HX 105 constant-temperature circulating implement (Beijing Changliu Scientific
Instrument, Beijing, China) was used to control the separation temperature. The system was also
equipped with a TBP5002 constant flow pump (Shanghai Tauto Biotech Co., Ltd., Shanghai, China), a
model Quik Sep UV-50 UV-vis monitor (H&E Co., Ltd, Beijing, China). HIE-50A chromatography
workstation (H&E Co., Ltd, Beijing, China) was employed to record the chromatogram. The HPLC
equipment used was an Agilent 1260 system including G1311C Quat Pump, G1314B VWD, G1329B
ALS, G1316A TCC and Agilent ChemStation workstation (Agilent Technologies, Waldbronn, Germany).
ESI-MS spectrums were obtained with a Thermo LCQ advantage ion-trap mass spectrometer (Thermo,
San Jose, CA, USA). The nuclear magnetic resonance (NMR) spectrometer was a Bruker Avance
400 NMR system (Bruker, Fallanden, Switzerland).

3.3. Plant Material

Plant material (Eupatorium lindleyanum DC. 30 kg) was purchased from Xuyi County of Jiangsu
Province, China, and identified by one of the authors (Yuming Luo). The voucher specimens were
deposited at the laboratory of the School of Life Sciences, Huaiyin Normal University.

3.4. Preparation of Samples

The extract from Eupatorium lindleyanum DC. was prepared bythe method mentioned in reference [3].
The dried, powdered aerial parts of E. lindleyanum DC (10.0 kg) was extracted three times with 95%
EtOH (100 L x 3 d) at ambient temperature. After removing the solvent under reduced pressure, the
ethanol extract was suspended in water and then partitioned with petroleum ether, ethyl acetate and
n-butanol. The final yield of n-butanol fraction (BF) from the E. /indleyanum DC. ethanol extract was
68.21 g. A portion of this fraction sample was subjected to HSCCC for further isolation and separation.

3.5. Selection of Two-Phase Solvent System

The two-phase composition was determined by the partition coefficient (K values), which were
determined by HPLC as follows: About 6 mg of sample was placed in a 5 mL test tube, to which 1 mL
of each phase of the equilibrated two-phase solvent system was added. After thorough mixing and
settling, 0.5 mL of each layer was taken out and evaporated to dryness separately. The residues were
diluted with methanol to 1 mL and analyzed by HPLC. The K values were defined as the peak area of
target compounds in the upper phase divided by their peak area in the lower phase.

3.6. Preparation of Two-Phase Solvent System and Sample Solution

The selected two-phase solvent system was prepared by adding the solvent to a separation funnel
according to the volume ratios and thoroughly equilibrated by repeated vigorous shaking at room
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temperature. The two phases were separated and degassed by sonication for 30 min shortly before use.
The sample solution was prepared by dissolving the n-butanol fraction from E. lindleyanum DC. in the
mixture solution of 5 mL upper phase and 5 mL lower phase of the solvent system.

3.7. HSCCC Separation Procedure

In each HSCCC separation, the multiplayer coiled column was initially filled with the upper phase
(stationary phase). The apparatus was then rotated at 900 rpm, and the lower phase (mobile phase) was
pumped into the column at a flow rate of 2.0 mL/min in the head-to-tail elution mode. After the mobile
phase front emerged and hydrodynamic equilibrium was established, about 10 mL sample solution
containing 540 mg n-butanol fraction was injected through the sample injection valve. The effluent
from the outlet was continuously monitored with a UV-vis detector at 254 nm. The temperature of
the apparatus was set at 25 °C. Peak fractions were collected manually according to chromatographic
peak profiles.

3.8. Analyses and Identification of HSCCC Peak Fractions

The crude sample and each purified fractions isolated from the HSCCC were analyzed by HPLC on
a Zorbax Eclipse XDB-C18 column (100 mm, 4.6 mm id, 3pum, Agilent) with the column temperature
at 30 °C. The solvent system was a mixture of water (solvent A) and acetonitrile (solvent B), and the
solvent gradient was as follows: 0—10 min from 90% solvent A to 80% solvent A, 10—15 min isocratic
80% solvent A, 15-65 min from 80% solvent A to 68% solvent A, 65—70 min from 68% solvent A to
90% solvent A. The flow rate was 1.0 mL/min and the effluent was monitored at 254 nm by a UV
detector. The identification of HSCCC peak fractions was carried out by ESI-MS and 'H-NMR
spectroscopy.

3.9. Structural Identification

The structural identification of the fractions was performed according to ESI-MS and 'H-NMR
as follows:

Peak 1: ESI-MS: m/z 421.7 [M + CH3COOH] ; 'H-NMR (400 MHz, CDCl;): 4.93 (1H, br dd, 11.8,
3.1, H-1); 2.51 (1H, m, H-2a); 2.34 (1H, m, H-2b); 4.34 (1H, signal overlapped, H-3); 4.85 (1H, br d,
9.9, H-5); 5.21 (1H, t like, 9.4, 9.2, H-6); 2.92 (1H, m, H-7); 5.80 (1H, br d, 2.7, H-8); 2.84 (1H, dd,
14.4, 4.5, H-9a); 2.30 (1H, signal overlapped, H-9b); 6.32 (1H, d, 3.3, H-13a); 5.63 (1H, d, 2.8,
H-13b); 1.52 (3H, br s, H-14); 1.81 (3H, br s, H-15); 6.79 (1H, m, H-3"); 4.38 (2H, signal overlapped,
H-4"); 1.84 (3H, br s, H-5"). Comparing the above data with the literature data [17], compound 1 was
identified as 3-Hydroxy-83-[4'-hydroxytigloyloxy]-costunolide.

Peak 2: ESI-MS: m/z 463.3 [M + H]"; 'H-NMR (400 MHz, CDCls): 5.27 (1H, signal overlapped,
H-1); 2.43 (1H, m, H-2a); 2.75 (1H, m, H-2b); 5.30 (1H, signal overlapped, H-3); 5.23 (1H, br d, 10.9,
H-5); 5.83 (1H, dd, 11.2, 9.9, H-6); 2.98 (1H, m, H-7); 5.49 (1H, m, H-8); 2.30 (1H, br d, 14.2, H-9a);
3.15 (1H, br d, 13.4, H-9b); 6.38 (1H, d, 2.0, H-13a); 5.80 (1H, d, 2.0, H-13b); 4.90 (1H, d, 13.0,
H-14a); 4.71 (1H, d, 13.0, H-14b); 1.84 (3H, br s, H-15); 6.76 (1H, t, 5.3, H-3'); 4.30 (2H, m, H-4');
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1.80 (3H, br s, H-5"); 2.01 (3H, s, CH3COO); 2.19 (3H, s, CH;COQO). Comparing the above data with
the literature data [18], compound 2 was identified as eupalinolide A.

Peak 3: ESI-MS: m/z 463.4 [M + H]";'"H-NMR (400MHz, CDCls): 5.37 (1H, signal overlapped,
H-1); 2.32 (1H, m, H-2a); 3.04 (1H, signal overlapped, H-2b); 5.26 (1H, signal overlapped, H-3); 5.36
(1H, signal overlapped, H-5); 5.24 (1H, signal overlapped, H-6); 3.00 (1H, m, H-7); 5.51 (1H, m, H-8);
2.21 (1H, m, H-9a); 2.89 (1H, m, H-9b); 6.38 (1H, d, 2.1, H-13a); 5.80 (1H, d, 2.0, H-13b); 4.97 (1H,
d, 12.6, H-14a); 4.70 (1H, d, 12.7, H-14b); 1.81 (3H, br s, H-15); 6.77 (1H, t, 5.6, H-3"); 4.30 (2H, d,
5.9, H-4'); 1.81 (3H, br s, H-5"); 2.03 (3H, s, CH;COO); 2.11 (3H, s, CH3COO). The 'H spectral data
were very similar to that of compound 2, except that H-6 showed a significant down-field shift.
Comparing the above data with the literature data [18], compound 3 was identified as eupalinolide B.

4. Conclusions

As is known the separation of natural compounds with similar structures is very difficult. In
the present study, three similar sesquiterpenoid lactones were successfully isolated for the first time
from Eupatorium lindleyanum DC. in high purity by conventional HSCCC. The results of our study
demonstrate that HSCCC is an effective method for separating some difficult to separate natural
compounds.

Supplementary Materials
Supplementary materials can be accessed at: http://www.mdpi.com/1420-3049/17/8/9002/s1.
Acknowledgments

The authors wish to thank the Qing Lan Project of Jiangsu province, Research Innovation Program
for College Graduates of Jiangsu Province (CX10B-1827) for the support of this research.

References

1. Editorial Committee of the Administration Bureau of Traditional Chinese Medicine, Chinese
Materia Medica; Shanghai Scientific & Technical Publishers: Shanghai, China, 1999; Volume 7,
pp. 839-841.

2. Ji, L.L.; Luo, Y.M.; Yan, G.L. Studies on the antimicrobial activities of extracts from Eupatorium
lindleyanum DC against food spoilage and food-borne pathogens. Food Control 2008, 19,
995-1001.

3. Yan, G.L; Ji, LL.; Luo, Y.M.; Hu, Y.H. Antioxidant activities of extracts and fractions from
Eupatorium lindleyanum DC. Molecules 2011, 16, 5998-6009.

4. Huo, J.; Yang, S.P.; Ding, J.; Yue, J.M. Two new cytotoxic sesquiterpenoids from Eupatorium
lindleyanum DC. J. Integr. Plant Biol. 2006, 48, 473-477.

5.  Zhang, M.L.; Wu, M.; Zhang, J.J.; Irwin, D.; Gu, Y.C.; Shi, Q.W. Chemical constituents of plants
from the genus Eupatorium. Chem. Biodivers. 2008, 5, 40-55.



Molecules 2012, 17 9009

10.
11.

12.

13.

14.

15.

16.

17.

18.

Yang, N.Y.; Duan, J.A.; Shang, E.X.; Tian, L.J. Analysis of sesquiterpene lactones in Eupatorium
lindleyanum by HPLC-PDA-ESI-MS/MS. Phytochem. Anal. 2010, 21, 144—149.

Yang, N.Y.; Qian, S.H.; Duan, J.A.; Tian, L.J. Studies on the chemical constituents of
Eupatorium lindleyanum. J. China Pharm. Univ. 2003, 34, 220-221.

Zhu, L.C; Li, H,; Liang, Y.; Wang, X.H.; Xie, H.C.; Zhang, T.Y.; Ito, Y. Application of
high-speed counter-current chromatography and preparative high-performance liquid chromatography
mode for rapid isolation of anthraquinones from Morinda officinalis How. Sep. Purif. Technol.
2009, 70, 147-152.

Wei, Y.; Du, S.; Ito, Y. Enantioseparation of lomefloxacin hydrochloride by high-speed counter-
current chromatography using sulfated-beta-cyclodextrin as a chiral selector. J. Chromatogr. B
2010, 878, 2937-2941.

Ito, Y. High-speed counter current chromatography. Crit. Rev. Anal. Chem. 1986, 17, 65-143.
Gutzeit, D.; Wray, V.; Winterhalter, P.; Jerz, G. Preparative isolation and purification of
flavonoids and protocatechuic acid from sea buckthorn juice concentrate (Hippophae rhamnoides
L. ssp rhamnoides) by high-speed counter-current chromatography. Chromatographia 2007, 65,
1-7.

Weisz, A.; Ito, Y. Performance comparison of three types of high-speed counter-current
chromatographs for the separation of components of hydrophilic and hydrophobic color additives.
J. Chromatogr. A 2011, 1218, 6156—6164.

Guo, S.; Feng, B.; Zhu, R.; Ma, J.; Wang, W. Preparative isolation of three anthraquinones from
Rumex japonicus by high-speed counter-current chromatography. Molecules 2011, 16, 1201-1210.
He, F.; Bai, Y.; Wang, J.; Wei, J.; Yu, C.; Li, S.; Yang, W.; Han, C. Isolation and purification
of oridonin from the whole plant of Isodon rubescens by high-speed counter-current
chromatography. Molecules 2011, 16, 7949-7957.

Schroder, M.; Vetter, W. Investigation of unsaponifiable matter of plant oils and isolation of eight
phytosterols by means of high-speed counter-current chromatography. J. Chromatogr. A 2012,
1237,96-105.

Wang, J.; Gao, H.; Zhao, J.; Wang, Q.; Zhou, L.; Han, J.; Yu, Z.; Yang, F. Preparative separation
of phenolic compounds from Halimodendron halodendron by high-speed counter-current
chromatography. Molecules 2010, 15, 5998-6007.

Jakupovic, J.; Sun, H.; Bohlmann, F.; King, R. Further sesquiterpene lactones from Eupatorium
altissimum. Planta Med. 1987, 53, 97-98.

Yang, N.Y.; Qian, S.H.; Duan, J.A.; Li, P.; Tian, L.J. Two new sesquiterpenes from Eupatotium
lindleyanum. Chin. Chem. Lett. 2005, 16, 1223—1226.

Sample Availability: Samples of Eupatorium lindleyanum DC. are available from the authors.

© 2012 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article

distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/3.0/).



