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Abstract

The screening and analysis of bioactive components in traditional Chinese medicines (TCMs) is very important not only for the quality
control of crude drugs but also for elucidating the therapeutic principle. In this study, a method for screening potential active components from
TCMs was developed by using biomembrane extraction and high performance liquid chromatography. Based on the methodology, aqueot
extract ofAngelica sinensi$WEAS) was used, and four compounds were detected by HPLC in the desorption eluate of red cell membrane
extraction for WEAS. The compounds were identified as ferulic acid, ligustilide, senkyunolide H and senkyunolide | based on their UV, MS
and NMR spectra. Actually, ferulic acid and ligustilide are considered as major active comporfemgeiica sinensisTherefore, this method
may be applied to predict the potential bioactivities of multiple compounds in TCMs simultaneously.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction screen of bioactive compounds carried out on animal models
are time-consuming, arduous, and inappropriate for directly
In most cases, biologically active compounds intraditional screening bioactive components from TCMs. Homma et al.
Chinese medicines (TCMs) are not or only partially known. [1] introduced the concept of pharmacokinetics, despite the
Therefore, the screening and analysis of bioactive compo-method is effective but laborious. Modern pharmacological
nents in TCMs is very important not only for the quality studies have shown that combining with some receptors or
control of crude drugs but also for elucidating the therapeu- channels on cell membrane is the first step of drug action.
tic principle. A conventional procedure for finding bioactive Therefore, the ability of a drug to interact with cell mem-
components is extraction of TCMs followed by pharmacolog- branes is very important for the behavior of the drug in the
ical screening of the purified compounds. Though some ac-organism. In order to study the solute-binding component
tive components such as berberine and artemisinin in Chineseof cell membranes, a method called retardation chromatog-
medicine were discovered using this method, the way to in- raphy was introduced by Bobinski and St¢®j. Biochro-
crease the probability of success is still controversial, relegat- matography with immobilized protein stationary phases has
ing most workers to trial-and-error experiments. In addition, been applied to probe the interaction between the group of
compounds in TCMs and the protefg-5]. However, the
interaction of compounds and human serum albumin is non-
E-mail addressesspli@umac.mo (S.P. Li), qrhu@njutcm.edu.ch specific. !n addition, a single prptei_n is Ii_mited fo_r elucidating
Q. Zhu). ’ the curative _effec_t of TCMs, which is an integrative regult ofa
1 Tel.: +86 25 86798184: fax: +86 25 86798184, number of bioactive compounds. On the other hand, liposome
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is structurally similar to biological membranes because of its and the buffy coat and plasma aspirated to remove platelets
lipid bilayer structure and better fluidity of lipid molecules. and white blood cells. Red cells were then washed four times
Immobilized liposome chromatography was used to study with phosphate buffered saline, and lysed by addition of four-

drug—membrane interactions in vitj®,7]. Indeed, Immobi- folds of volume 5mM phosphate buffer (pH 7.4) at@
lization of biomembrane or whole cells for chromatography After 30 min, the hemolysate was centrifuged at 27,2
has also attracted much attention in the recent \j8arklow- for 90 min and the sedimented material was suspended in

ever, the cell systems were less stable and the entrapmen® mM phosphate buffer to a volume of 50 ml. The membrane
or immobilization procedure must be adapted to the kind of was then centrifuged and washed four times with PBS. And
material that is to be analyzed and to the kind of gel matrix the final red cell membrane material was suspended in PBS to
used[9]. In addition, interaction of components in TCMs a protein concentration of 10 g/l as measured by absorbance
with biomembrane is rarely compatible to their separation on at 280 nn]11] and finally the prepared material was used for
chromatography. Thus, using biomembrane or whole cells biomembrane extraction.

chromatography, the separation and identification of com-

pounds is a problem. 2.4. Biomembrane extraction of sample
In this paper, a method for screening potential active com-
ponents inAngelica sinensisone of the commonly used The same volume of red cell membrane suspension and

TCMs for tonifying blood, was developed by using human 5mlIWEAS were incubated with shaking for 30 min at’&7.

red cell membrane extraction and high performance liquid The suspension was then transferred to Centriprep YM-50

chromatography, and four potential active candidatesnn centrifugal filters and centrifuged at 10@Q for 10 min or

gelica sinensisvere hypothesized. until the filter appears dry. The material collected on the filter
was washed three times to remove the unbound components.
Each wash was accomplished by addition of 1 ml of PBS

2. Experimental to the filter with subsequent centrifugation at 1609 for
10 min or until dry. The washing eluate were discarded ex-
2.1. Materials cept the last one which was collected as control for HPLC

analysis. Finally, red cell membrane was denatured by ad-
Angelica sinensigvas obtained from Minxian County of  dition of 1 ml of 20% acetic acid in water to the filter, and

Gansu Province, China. The identity was confirmed by Pro- the bound components were delivered. The released compo-
fessor Qinan Wu, and the voucher specimen was depositechents were collected by centrifugation into a fresh collection
at the National Standard Lab for Chinese Medicine, Nan- vessel. The desorption eluate from this step is evaporated
jing University of Chinese Medicine, Nanjing, China. Fer- to dryness by centrifugation in vacuo (SpeedVac, Savant)
ulic acid, disodium hydrogen phosphate, sodium dihydrogen and reconstituted by sonication in 0.2 ml of a 1:1 acetoni-
phosphate, sodium chloride were purchased from Sigma (St.trile/0.25% aqueous acetic acid solution immediately before
Louis, USA). Z-ligustilide was purchased from ChromaDex analysis. The blank desorption eluate, replaced WEAS with
(Santa Ana, CA, USA). Acetonitrile for LC and acetic acid phosphate buffer to interact with red cell membrane, was ob-
were purchased from Merck (Darmstadt, Germany). Deion- tained using the method described above, and HPLC analysis
ized water was prepared using a Millipore Milli Q-Plus sys- of the blank was performed.
tem (Millipore, Bedford, MA).

2.5. HPLC analysis
2.2. Extraction of chemical constitutes from Angelica
sinensis Analysis were performed on an Agilent Series 1100 lig-

uid chromatograph (Agilent Technologies, Palo Alto, CA),

About 100 g of ground powder derived from crude herbs equipped with a vacuum degasser, a quaternary pump, an

was soaked in 800 ml water and then boiled for 1 h. After autosampler and a DAD detector, connected to an Agi-
centrifugation at 3000 rpm for 10 min, the supernatant was lent ChemStation software. A ZORBAX ODS C18 column
collected and lyophilized. Then the extract was dissolved (4.6 mmx 250 mm i.d., 5um) and a ZORBAX ODS C18
in 100 ml of 5mM phosphate buffer (pH 7.4) and the fin- guard column (4.6 mmx 12.5mm i.d., 5um) was used. Sol-
gerprint for water extract oAngelica sinensi§WEAS) was vents that constituted the mobile phase were (A) 0.25% aque-

determined using HPLC. ous acetic acid and (B) acetonitrile. The elution conditions
applied were: 0—10 min, linear gradient 0—2% B; 10—25 min,
2.3. Preparation of human red cell membrane linear gradient 2—10% B; 25-50 min, linear gradient 10—20%

B; 50-65 min, linear gradient 20-35% B; 65—70 min, 35% B
The membrane was prepared as described by Lundahl et alisocratic; and finally, reconditioning steps of the column was
[10] with modification. Briefly, volunteer blood was collected 0% B isocratic for 15 min. The flow-rate was 1 ml/min and
into citrated (1:10 dilution, 3.8% sodium citrate) tubes. The the injection volume was fl. The system operated at 26.
blood sample was centrifuged at 80@ for 10 min at £C Peaks were detected at 280 nm.
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2.6. Mass spectrometry In this paper, red cell membrane was chosen mainly based
on its easy preparation and the therapeutic effecdngglica
The HPLC conditions for LC-MS analyses were the same sinensis Actually, some other biomembrane could be used
as those used for HPLC analysis described on Seé&titn to avoid the possibility of potential active compounds might
Agilent 1100 Series LC/MSD Trap (Agilent Technologies, not bind to human red cell membranes. Primary test showed
Palo Alto, CA) ion-trap mass spectrometer with electrospray that the fingerprints of the aqueous extrachofjelica sinen-
ionization interface, connected to an Agilent ChemStation sis detected at 254, 280 and 320 nm were similar (data not
software was used in HPLC-MS method. ESI-MS conditions shown). However, the number of peaks was more and the sig-
were as follows: positive ion mode, drying gas, NO I/min, nal was more sensitive at 280 nm. Therefore, the components
temperature 325C, pressure of Nebulizer 25 psi, octapole were monitored at 280 nm for HPLC analysis. HPLC Chro-
voltage 2.91V, scan range 50-500. ESI-MS/MS condi- matograms of WEAS and desorption eluate of biomembrane
tions were as follows: positive ion mode, separation width interacted with WEAS under the experimental conditions de-
0.9, fragment amplification 1, scan range 50-g6@ scribed above were shownltig. 1 There are four principal
peaks, C1,C2,C3and C4 whendetected at 280 nm. And there
_ is no peak found in the chromatograms of control eluate and
2.7. GC-MS analysis blank desorption eluate.

GC-MS was performed with an Agilent 6890 gas chro-
matography instrument coupled to an Agilent 5973 mass
spectrometer and an Agilent ChemStation software (Ag-
ilent Technologies, Palo Alto, CA). A capillary column
(30mx 0.25mm i.d.) coated with 0.2bm film 5% phenyl
methyl siloxane was used. The column temperature was
at 100°C for injection, then programmed at 2G/min to
280°C. Splitinjection (2ul) was conducted with a split ratio

3.2. Identification of detected components

MS is a powerful technique for identification of molecular
structure. However, the fractions of peaks separated by im-
mobilized biomembrane affinity chromatography could not
be directly applied for MS analysis because of the presence of
a high concentration of inorganic sai§. Using biomem-
of 1:10 and helium was used as carrier gas of 1.0 mithin brane extraction an_d then_HPL_Q analysis, the components
flow-rate. The spectrometers were operated in eIectron-Of peaks could be directly identified by MS. The molecular

masses of components for peaks C1, C2, C3 and C4 were

impact (El) mode, the scan range was 50-550 amu, the ion- . .
ization energy was 70 eV and the scan rate was 0.2 s per Scanc_ietermmed as 194, 224, 224 and 190, respectively. The UV

The inlet, ionization source temperature were 320 and800 spgctra cqmpqnents for peaks C% and C4 match with fe”?"c
respectively. acid and ligustilide very well. Their MS spectra as shown in

Fig. 2also coincided with those of standards. So the compo-

mAU ]

3. Results and discussion c3
100+
3.1. Biomembrane extraction of compounds in Angelica 801
sinensis 601
- . . . ] ci
Affinity methods is uniqgue among separation methods as 40 A 4
it is the only technique that permits the purification of com- 207 I P%a:}
pounds based on biological functions rather than individual ~ o{—Jul : : \ e
physical or chemical properti¢s2]. Compounds with affini- 0 10 20 30 40 50 60  min

ties similar to a target receptor are also likely to share phar- _ o
Fig. 1. HPLC chromatograms of aqueous extractAofgelica sinensis

maco_loglcal properties. Thus, the af,ﬂmty Cha‘,raCte,r'Stlcs for (WEAS) (1), desorption eluate of biomembrane interacted with WEAS (2),
a series of related molecules provide a delineation of the finalwashing eluate of biomembrane interacted with WEAS (control) (3) and
pharmacophore that is responsible for their biological activ- desorption eluate of biomembrane interacted with phosphate buffer (blank)
ity. Several ingenious screening methods have been reported4) analysis were performed on an Agilent Series 1100 liquid chromatograph,
which using affinity chromatograpl{;tS—lS} However, the equipped with a vacuum degasser, a.quaternary pump, an autosampler and
. a DAD detector, connected to an Agilent ChemStation software. A ZOR-
cell systems are less stable and orga_nlc_ solven'Fs can destrogAX ODS C18 column (4.6 mnx 250 mm i.d.. §:m) and a ZORBAX ODS
the structure of membrane. The affinity interaction between c1g guard column (4.6 mm 12.5mm i.d., 5.m) was used. Solvents that
components in TCMs and biomembrane is rarely compati- constituted the mobile phase were (A) 0.25% aqueous acetic acid and (B)
ble to their separation on chromatography. Therefore, itis an acetonitrile. The el_utio_n conditiops applied were: 0-10 min, I_inear grad_ient
optimal method for screening of potential active components 2% B; 10-25min, linear gradient 2-10% B; 25-50 min, linear gradient
. . . . 10-20% B; 50-65 min, linear gradient 20-35% B; 65—70 min, 35% B iso-
'r? TCMs g§|ng biomembrane eXtraCtlor_] and HPLC a_n_aly- cratic; and finally, reconditioning steps of the column was 0% B isocratic
sis. In addition, mass spectrometry provides the capability to for 15 min. The flow-rate was 1 ml/min and the injection volume wag. 5

directly identify bound species in the affinity capture. The system operated at 26. Peaks were detected at 280 nm.
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Fig. 2. MS and MS/MS spectra of peaks C1 and C4 in desorption eluate of biomembrane extraction of aqueous Argetitafsinensisn HPLC. HPLC
condition was the same as that describeBig 1

nents for peaks C1 and C4 can be identified as ferulic acid andcoupled with HPLC. Therefore, they were separated and

ligustilide, respectively. Their structures are showig. 3. purified by RP-HPLC according to their chromatograms.
The components for peaks C2 and C3 could not be Then the MS spectra of components for peaks C2 and C3

identified based on their diode array and MS detection (0.1 mg/mlin methanol) were detected by GC—-MS and shown

o}
OH |
e
HO HO o
OH
OCHj4
Ferulic acid (C1) Senkyunolide H (C2)
| o
o}
Senkyunolide | (C3) Ligustilide (C4)

Fig. 3. Structures of ferulic acid (C1), senkyunolide H (C2), senkyunolide | (C3), and ligustilide (C4).
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Fig. 4. MS spectra of components for peaks C2 and C3 prepared from aqueous extrayglafa sinensiby HPLC. MS spectra was determined by an Agilent

6890 gas chromatography instrument coupled to an Agilent 5973 mass spectrometer and an Agilent ChemStation software. A capillary coluOrz6(B0m

i.d.) coated with 0.2m film 5% phenyl methyl siloxane was used. The column temperature was 2€100injection, then programmed at 20 min~! to

280°C. Splitinjection (2ul, 0.1 mg/ml) was conducted with a split ratio of 1:10 and helium was used as carrier gas of 1.0hflmirrate. The spectrometers

were operated in electron-impact (El) mode, the scan range was 50-550 amu, the ionization energy was 70 eV and the scan rate was 0.2 s per scan. The in
ionization source temperature were 320 and 3D(respectively.

in Fig. 4. It can be seen that the components for C2 and  Angelica sinensis used for tonifying blood and treating
C3 have very similar behavior, so it is very possible that female irregular menstruation and amenorrhoea. It is also
the former are a structural analog of the latter. By com- used for treatment of anemia, hypertension and cardiovas-
paring with literature datfl6—18] it can be observed that cular diseases. Over 70 compounds, such as, phthalides, ter-
the mass spectra of peaks C2 and C3 were similar to thepenes, aromatic compounds, have been isolated and identi-
mass spectrum of 6,7-dihydroxyligustilide. Senkyunolide- fied from it. Its main essential components, ligustilide, other
H and senkyunolide-I are an isomeric pair of dihydrox- phthalides and ferulic acid are thought to be the biologi-
yphthalides, and senkyunolide-I is the major isorfid]. cally active component®0]. In this study, senkyunolide H
Based on these facts, peaks C2 and C3 were identified asand senkyunolide | were also detected as bioactive candi-
senkyunolide-H and senkyunolidefig. 3), respectively. It dates using biomembrane extraction besides ferulic acid and
was further supported by théiH NMR and3C NMR data ligustilide. The pharmacological activities of senkyunolide H
(Table J). and senkyunolide | will be investigated in future.
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Table 1
NMR data of the compounds prepared by HPLC for peaks C2 (senkyunolide H) and C3 (senkyunolide I)
Position 1H NMR (8 ppm) 13C NMR (8 ppm)
Peak C2 Peak C3 Peak C2 Peak C3
1 1693 1692
3 1532 1532
3a 1482 1481
4 2.40-2.70 (m) 2.45-2.60 (M) w 188
5 1.80-2.20 (m) 1.85-2.10 (m) i3 262
6 4.05 (dddJ=7.9, 3.6, 2.6 Hz) 3.95(ddd=9.3,5.2, 2.8 Hz) 68 715
7 4.61 (dJ=3.6Hz) 4.46 (dJ=5.2Hz) 634 67.2
7a 1254 1259
8 5.31 (tJ=7.9 Hz) 5.26 (tJ=7.9 Hz) 1143 1141
9 2.36 (dtJ=7.9, 7.3Hz) 2.31(dJ=7.9, 7.4 Hz) 28 281
10 1.50 (tqJ=7.3, 7.3Hz) 1.46 (tq)=7.4, 7.3Hz) 223 222
11 0.95 (tJ=7.3Hz) 0.92 (tJ=7.3Hz) 137 137

NMR spectra were recorded at 300 MHz fa# and 75 MHz for'3C on a Varian Gemini-300 spectrometer (Varian Inc., Palo Alto, CA). TMS was used as
internal standard fofH spectra. CDG was used as solvent.

4. Conclusion [2] H. Bobinski, W.D. Stein, Nature 211 (1966) 1366-1368.
[3] H. Wang, H. Zou, J. Ni, B. Guo, Chromatographia 52 (2000)
In this study, we present a method for screening and deter- ~ 459-464. . _
mining potential active components Angelica sinensiby [4] H. Wang, L. Kong, H. Zou, J. Ni, Y. Zhang, Chromatographia 50
. ' ) . ) (1999) 439-445.
using biomembrane extraction and HPLC. Using biomem- 5, 11\ “\vang, H.F. Zou, 3.Y. Ni, L. Kong, S. Gao, B.C. Guo, J. Chro-
brane which has a strong interaction with active compounds, matogr. A 870 (2000) 501-510.
such compounds can be enriched from extract of TCMs. Be- [6] T.H. Lee, M.l. Aguilar, Adv. Chromatogr. 41 (2001) 175-201.
cause the curative effect of TCMs is an integrative result [7] X. Mao, L. Kong, Q. Luo, X. Li, H. Zou, J. Chromatogr. B: Biomed.
of a number of bioactive compounds, biomembrane extrac- __ S¢i- Appl. 779 (2002) 331-339. _ _
. . . . . - [8] A. Lundgvist, P. Lundahl, J. Chromatogr. B: Biomed. Sci. Appl. 699
tion may be applied t_o predict the potential bloact|V|t|§_s of (1997) 209-220.
multiple compounds in TCMs simultaneously. In addition, (9] |. Gottschalk, C. Lagerquist, S.S. Zuo, A. Lundqvist, P. Lundahl, J.
HPLC coupled with other complementary techniques, such Chromatogr. B: Biomed. Sci. Appl. 768 (2002) 31-40.
as diode array detection, MS, and NMR will further improve [10] P. Lundahl, E. Greijer, S. Cardell, E. Mascher, L. Andersson,

the resolution and structural identification of potential active Biochim. Biophys. Acta 855 (1986) 345-356.
[11] P. Lundahl, Biochim. Biophys. Acta 379 (1975) 304-316.
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