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bstract

As the cost of drug development is always many times more than that of drug discovery, predictive methods aiding in the screening of bioavailable
rug candidates are of profound significance. In this paper, a novel method for screening bioactive compounds from traditional Chinese medicines
TCMs) was developed by using living cell extract and gas chromatography (GC)–mass spectrometer (MS). The method was validated by using
lemene emulsion injection (EEI), a typical TCM with known active compound, to interact with murine ascites hepatocarcinoma cell strain with
igh metastatic potential (HCa-F). Finally, the method was applied to screen the bioactive compounds from multi-component zedoary turmeric
il and glucose injection (ZTOGI). After HCa-F cells was incubated in ZTOGI, ethyl acetate (EtOAc) was used to extract the compounds in the

ells for GC–MS analysis. Fourteen compounds were detected in the desorption eluate of HCa-F cell extract of ZTOGI, and further identified by
S. Curzerene and �-elemene were found to be two major bioactive compounds in ZTOGI. These results show that the method developed may

e applied to quickly screen the potential bioactive components in TCMs interacting with the target cells.
2006 Elsevier B.V. All rights reserved.
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. Introduction

There has been considerable interest among basic and clin-
cal researchers in traditional Chinese medicines (TCMs) in
ecent years for their long history of clinical practice and reli-
ble therapeutic efficacy. However, the components of TCMs
re complex mixtures, almost consisting of hundreds or even
housands of different compounds but only partial compounds
re responsible for the pharmaceutical and/or toxic effects. Fur-
her more, the effective components in TCMs are generally in
ow level. Therefore, how to screen bioactive compounds from
he complex mixtures of TCMs has been a great challenge
or many investigators. The conventional procedure for find-
ng bioactive components is to extract the effective compound

roups or purify compounds in TCMs with the method of phy-
ochemistry followed by animal pharmacological experiments.
owever, this method is time-consuming, arduous, expensive
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s chromatography–mass spectrometer; Murine ascites hepatocarcinoma cell;

nd low efficient for directly screening bioactive compounds
rom TCMs.

Several years ago, cell membrane transport assays were
onsidered to be critical for deciding which new compounds
ere drug leads [1–5]. From then on, many relevant techniques
ave been exploited to engage in these studies. For example,
iochromatography techniques especially of immobilized arti-
cial membrane and immobilized liposome chromatography

echniques developed in recent years [6–13] are considered as
powerful tool to investigate drug–membrane, drug–receptor

r drug–enzyme interactions in vitro. The core of the technique
s that active cell membrane, receptor or specific enzyme was
oncovalently or covalently immobilized on soft gel particles
r silica particles as HPLC stationary phase to screen bioactive
ompounds from TCMs according to their different combination
bility with stationary phase. The method can be used to provide
ome essential information for guiding drug discovery, but it may

e of some drawbacks in the practical performance. For example,
trongly strict restriction is required for the mobile phase in this
ethod to avoid damaging the stationary phase, namely, phys-

ological saline buffer or organic solvents with extremely low
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oncentration are specially required for serving as the mobile
hase, which may result in poor separation due to less change-
ble mobile phases. In addition, the interaction of compounds in
CMs with biomembrane can hardly perceive all these complex

nteractions clearly [14].
Pharmacokinetics-based in vitro high throughput screening

pproaches using genes, receptors or channels on cellular mem-
rane as targets acted by TCMs, have ever been extensively
eveloped [15–19]. These studies have shown that combination
ith receptors or channels on cell membrane is the first step of
rug action, which can directly disclose the interaction mech-
nisms between bioactive compounds and targets at the level
f molecule and cell. However, the proposed method is very
aborious. Recently, a method using human red cell membrane
xtraction and HPLC was developed for screening active com-
onents in TCMs and successfully hypothesized four potential
ctive potential candidates in Angelica sinensis [20], but the
iomembrane used was prepared with modification. Therefore,
ome special characteristics of the cellular membrane may be
hanged during the preparation.

Zedoariae rhizoma (ZR) is a traditional Chinese medicine
hat has been used in removing blood stasis and alleviating pain
or over a thousand years. Essential oils are considered as active
onstituents in ZR and have been used for treatment of liver
ancer and fibrosis and showed inhibitory effect on cytotoxicity
n cells [21]. ZR inhibits proliferation of human hepatic myofi-
roblasts and block PDGF-BB binding to its receptor. Eighty
ercent aqueous acetone extract from ZR induces growth arrest
n G0/G1 phase, indicating that the 80% aqueous acetone extract
rom ZR includes acting compounds [22]. Many sesquitepenes
ave been identificated from Curcuma rhizomes by GC–MS and
ressurized liquid extraction (PLE) [23]. Elemene, isolated from
R, is well-known to exhibit antitumor activity in human and
urine tumor cells including murine ascites hepatocarcinoma

ells (H22), the parent line of murine ascites hepatocarcinoma
ell strain with high metastatic potential (HCa-F) [24–28]. These
eports indicate that both ZR and elemene could enter into and
nteract with cells, and potential active compounds could be
creened from the interacted compounds with cells.

In the present work, we developed a new method for in vitro
creening bioactive compounds from TCMs by use of cell extract
nd gas chromatography–mass spectrometry (GC–MS). This
ationale of the experiment is based on the observation that most
f drugs must enter cells and combine with cell membrane or
omponents within cells to elicit activity and intracellular avail-
bility of drugs requires drug transport across the target cell
embrane [29]. Therefore, it can be concluded that cell is the

arget for most of the drugs to produce pharmaceutical effect and
an be applied to rapidly and accurately predict the bioactivities
f multiple compounds in TCMs.

. Experimental
.1. Chemicals and materials

Elemene emulsion injection (EEI) was purchased from
alian JinGang Pharmacy Ltd. (Dalian, China). Zedoary
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urmeric oil glucose injection (ZTOGI) was purchased from
izhu Group Limin Pharmacy Ltd. (Shaoguan, China). Ethyl
cetate (EtOAc) and ethanol (EtOH) of analytical grade were
rom Shenyang Lianbang Chemical Reagent Plant (Shenyang,
hina). Dimethylsulfoxide (DMSO) was from Tianjin Bodi
hemicals Co., Ltd. (Tianjin, China). RPMI 1640 medium and
-Hank’s balanced salt solution (DHBSS) were from Gibco.
RL was from Gibco BRL (Grand Island, NY). New born bovine

erum (NBBS) was from Hangzhou Sijiqing Biological Engi-
eering Materials Co., Ltd. (Hangzhou, China).

EEI medium with 32 �g/ml elemene was prepared from EEI
5000 �g/ml), which was diluted by RPMI 1640 medium supple-
ented with 10% (v/v) NBBS and 80 U/ml gentamycin sulfate

GS). ZTOGI medium with 360 �g/ml zedoary turmeric oil was
repared from ZTOGI (400 �g/ml) by addition of RPMI 1640
edium powder and 10% (v/v) NBBS.

.2. Cell culture

HCa-F cells were injected to 615 mice to incubate in dupli-
ate for two passages in order to harvest a great amount of
ells in less than 2 weeks, which was described in our previ-
us report [30]. The cells in ascites were drawn and seeded into
ottles for culture at a density of 1 × 105 cells/ml in RPMI 1640
edium with 10% NBBS in a 5% CO2 atmosphere at 37 ◦C for

8 h, and all experiments were performed with cells in the log-
rithmic growth phase. Then aliquots of 8 × 105 cells/ml were
eeded into10 ml EEI medium with 32 �g/ml elemene in tubes
f 10 ml in a 5% CO2 atmosphere at 37 ◦C for 12 h. Aliquots of
× 106 cells/ml of the same cells were seeded into 40 ml ZTOGI
edium with 360 �g/ml zedoary turmeric oil in bottles under the

bove condition for 4 h. Phase-contrast microscope and Tyrpan
lue exclusion test were used to determine the cell viability.

.3. Extraction of active components in cells

Sample 1. After being pretreated with elemene medium in liv-
ng state at 37 ◦C for 12 h, the mixture of the cells and elemene

edium was centrifuged at 1500 rpm for 5 min. The cell pre-
ipitate was reserved and washed with DHBBS for five times
y the use of oscillating to scour off the unbound components.
ach share of the cell suspending was centrifuged at 1500 rpm

or 5 min. Finally, the cell precipitate was digested by addition
f 200 �l DMSO and was put under ultrasonic vibrations for
0 min when cells were disintegrated by observing microscopi-
ally the cells, then the bound components to cells were released.
he desorption eluate of the cells from this step was extracted by
ml EtOAc and then centrifuged at 3500 rpm for 20 min before
nalysis. The blank desorption eluate control was obtained from
he cells incubated in RPMI 1640 medium without elemene, and
hen the blank control for GC–MS analysis was performed using
he method described above.

Sample 2. Considering the higher cytotoxicity of zedoary

urmeric oil at high concentration to cells, the time for the
ells incubated in ZTOGI medium was confined within 6 h.
fter HCa-F cells were pretreated with ZTOGI medium with
60 �g/ml zedoary turmeric oil for 4 h, the incubation mixture
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ig. 1. Flow scheme of screening bioactive components in TCMs based on cell
xtract and GC–MS.

as centrifuged at 1500 rpm for 5 min. The rest of procedures
ere analogous to those of sample 1.

.4. GC–MS analysis

GC–MS was performed with a SHIMADZU QP2010 mass
pectrometer and a SHIMADZU ChemStation software (SHI-

ADZU corporation analytical and measuring instruments divi-
ion, Kyoto, Japan). A DB-5 capillary column (30 m × 0.25 mm
.d.) coated with 0.25 �m film 5% phenyl methyl siloxane was
sed for separation. The GC injector was maintained at 240 ◦C,
he GC transfer line at 260 ◦C, the ion source at 200 ◦C and the
acuum manifold at 70 ◦C. The column temperature started with
0 ◦C for injection, then programmed at 5 ◦C/min to 120 ◦C,
t 8 ◦C/min to 160 ◦C, then from 160 to 185 ◦C at 4 ◦C/min,
nd finally at 8 ◦C/min to 240 ◦C, held isothermally 8 min at
40 ◦C. Manual injection (0.6 �l) in a purged splitless mode
as conducted and high-purity helium was used as carried gas

t 0.68 ml/min flow rate. The mass spectrometer was operated
n electron-impact ionization (EI) mode with 70 eV energy. The
can range was 40–400 amu and the scan rate was 0.2 s per scan.
he NIST library was the 174,948 entry edition (Version 2.0,
002).

. Results and discussion

The flow scheme of screening bioactive components in TCMs
ased on cell extract and GC–MS was shown in Fig. 1. The target
ells are incubated together with the drug in RPMI 1640 medium
ith 10% (v/v) NBBS for 4–12 h (depending on the kind of
CMs). The potential bioactive components of the drug might

nteract with target cells by combining with them. The unbound
ompounds on the cell surface are washed away by DHHBS.
fterwards, the potential active components in the target cells

re released by cell digestion solvent and then extracted with
rganic solvent. Finally, GC–MS is performed to acquire the
tructural information of the bioactive compounds.
.1. Establishment of the experimental conditions

Due to its extensive availability, sufficient drug contact, high
rug sensitivity, HCa-F cells were selected as target cells. HCa-F
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ells can first duplicate in the abdominal cavity of 615 mice and
hen in RPMI 1640 medium with a freely suspending pattern of
rowth. Elemene has been reported to be able to interact with
ells [24–28], and EEI is a typical TCM with elemene as active
omponent. So, EEI was chosen to treat HCa-F cells to verify
he method for screening and analyzing bioactive compounds in
CMs using cell extract and GC–MS.

.1.1. Conditions of cell culture
It is well known that the drug absorption of the cells plays

very important role in drug–cell interaction. Too low drug
oncentration will render a missing detection while too high
ne may result in cell death due to cytotoxicity of drug. The cell
uantity is another significant factor to be considered, and the
ime of drug–cell interaction should not be neglected, either.

In the preliminary experiments, the above three factors were
nvestigated. EEI medium with 16, 32 and 50 �g/ml elemene
ere tested. For cell quantity, aliquots of cells of 1 × 106 and
× 106 (at a seeded density of 4 × 105 cells/ml) as well as cells
f 8 × 106 and 1 × 107 (at a seeded density 8 × 105 cells/ml)
ere considered. Toward incubated time of drug–cell, five time
oints (4, 8, 12, 24 and 36 h) were tested. Taking the results
f optimization (data not shown) into account, the conditions
f the cell culture proposed were: concentration of elemene,
2 �g/ml; the seeded cells for elemene-cell treatment, 8 × 106;
ime for elemene-cell treatment, 12 h.

.1.2. Conditions of cell digesting
Aliquots of elemene-cell incubation mixture were washed

ve times with DHBBS to remove the unbound compounds from
he cell surface before digesting. The remaining components
nside of the target cells would be of potential bioactivities. As

ost of the active compounds were in low level, it would be very
mportant to ensure these compounds binding with cells were
ell released. In the present experiment, three organic solvents
f EDTA, 75% EtOH and DMSO were used to digest cells,
espectively. DMSO was found to be the best digestion solvent
y observing the treated cells microscopically. While EDTA and
5% EtOH were not observed to digest cells completely and
ere not considered.

.2. Validation of the method

EEI, a wide spectrum antitumor drug with the main active
ngredient of �-elemene, was first used to interact with the target
ell in order to validate the method. As we have well known that
ll drugs must be absorbed by cells before they can have an effect
n the body. The process of absorption brings the drug from any
ite of exposure into the circulatory system. However, a drug
ust traverse several semipermeable cell membranes before

eaching the systemic circulation, that is to say, the absorption
f a chemical substance from any site of exposure involves its
assage across cellular membranes [31]. Therefore, cells are the

arget for most of the drugs to produce pharmaceutical effect
nd accordingly, it is an optimal selection to use cell extract for
creening of active candidates from TCMs. In addition, GC–MS
s the preferred identification method for volatile components of
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ig. 2. GC chromatograms of EtOAc extract: (a) EEI; (b) desorption eluate of ce
ithout EEI (blank).

CMs and it also provides a convenient tool to directly acquire
tructural information of the bioactive compounds.

Based on the experimental conditions as mentioned above,
C chromatograms of EtOAc extract of EEI and desorption

luate of cells incubated with EEI as well as the blank con-
rol (desorption eluate of cells cultured in RPMI 1640 medium
ithout EEI) were shown in Fig. 2. Eight peaks were detected in
esorption eluate of cell extract. And no peak was found in the
lank control. According to the mass spectra, peaks 1–8 were

dentified as �-elemene, 8-isopropenyl-1,5-dimethyl-cyclodeca-
,5-diene, �-bourbonene, �-elemene, junipene, �-cubebene, �-
aryophyllen, and �-elemene, respectively. It can be seen from
able 1 that the molecular masses (Mw) of components for all

o
s
r
c

able 1
ragment mass of eight components identified from EtOAc desorption eluate of elem

o. Compound tR (min) Simila

1 �-Elemene 13.61 93

2 8-Isopropenyl-1,5-dimethyl-cyclodeca-1,5-diene 14.62 91

3 �-Bourbonene 14.68 94

4 �-Elemene 14.77 97

5 Junipene 15.23 93

6 �-Cubebene 15.36 86

7 �-Caryophyllen 15.41 93

8 �-Elemene 15.55 95

a (m/z) Relative intensity shown in parenthesis, and the ion of relative intensity 100
cubated with EEI; (c) desorption eluate of cells cultured in RPMI 1640 medium

etected peaks are determined as 204. And the chemical struc-
ures given by MS indicate those compounds are all isomers of
esquiterpenes.

�-elemene is the main bioactive component of EEI. It has
een extensively validated to have broad anticancer effect by
xperimental and clinical pharmacology [24–28]. In the present
xperiment, �-elemene is observed to be a main peak in tar-
et cells (see Fig. 2b), which implies that it is the main active
omponent of EEI for HCa-F cells. Particularly, the main peak

f �-elemene and other minor detected peaks all belong to
esquiterpenes. In fact, many volatile oils with bioactivities
eveal the occurrence of unusual sesquiterpenes as the major
ompound. The anticancer activity of some sesquiterpenes has

ene-cell incubated mixture

. (%) Mass dataa

204(M+, 2), 189(5), 161(28), 136(60), 121(100), 119(10), 105(21),
93(80), 91(29)
204(M+, 2), 189(19), 161(27), 147(19), 133(24), 121(34), 107(53),
93(100), 91(37), 81(85), 79(52), 77(25), 67(59), 55(35)
204(M+, 3), 161(21), 123(78), 119(9), 105(15), 91(16), 81(100),
79(27), 69(5)
204(M+, 2), 189(22), 161(27), 147(42), 133(34), 121(45), 93(100),
91(41), 81(93)
204(M+, 35), 189(38), 161(92), 147(32), 133(67), 119(66),
107(71), 105(82), 91(100), 79(69), 77(40), 67(46), 65(24)
204(M+, 10), 161(85), 120(100), 119(41), 105(81), 93(43), 91(67),
79(38), 67(20)
204(M+, 7), 189(14), 161(35), 147(26), 133(87), 120(53), 107(47),
105(63), 93(100), 91(92), 79(71), 77(41), 69(80), 67(41)
204(M+, 6), 189(10), 161(20), 133(22),121(100), 119(30),107(44),
105(43), 93(69), 91(38), 79(33), 77(22), 67(30), 65(10)

was used for the quantification.
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ig. 3. GC chromatograms of EtOAc extract: (a) ZTOGI; (b) desorption eluate
edium without ZTOGI (blank).

een reported [32,33]. Therefore, we can conclude that the estab-
ished method is effective.

.3. Application of the method in screening bioactive
omponents from ZTOGI

Zedoariae rhizoma (ZR) is a traditional Chinese medicine
hich essential oils are considered as active constituents.
esquitepenes are chemical constituents of ZR, some of which
ere reported to exhibit antihepatotoxic effect [22,23]. ZTOGI

s a kind of antivirus medicine in China and has been widely
sed in clinical trials for its good therapeutic effect on early cer-
ical cancer and has been used to treat malignant lymphoma as
ell as idiopathic liver cancer.
For this ZTOGI-cells treatment, the selection of conditions of

ell culture is analogous to that described in Section 3.1.1 (pro-
edures omitted here). The condition is that aliquots of cells of
× 107 (at a seeded density of 1 × 106 cells/ml) were incubated

n ZTOGI medium with 360 �g/ml zedoary turmeric oil for 4 h.
According to the experimental method as described in Section

.3, sample 2, EtOAc extract of ZTOGI, the desorption eluate
f cells interacted with ZTOGI and the blank desorption eluate
ere obtained. GC–MS was performed for the analyses (Fig. 3).

t can be seen most of the main components in chromatogram
f ZTOGI were separated well. Nearly 50 peaks were found in
hromatogram of ZTOGI, including some minor peaks (Fig. 3a).
ourteen principal peaks were detected in the cell desorption

luate, excluding several minor peaks. Qualitative identifica-
ion of the different constituents was performed by their rela-
ive retention time and mass spectra [34–38]. In chromatogram
f ZTOGI (Fig. 3a), components for peaks with the retention

a
Z
b
fi

ls incubated with ZTOGI; (c) desorption eluate of cells cultured in RPMI 1640

imes between 13.5 and 16.6 min belong to sesquiterpenes; com-
onents for peaks with the retention time between 16.9 and
0 min are mainly compounds of hydroxy sesquiterpenoids with
he Mw of 222, and peaks after retention time of 20 min are

ainly keto-sesquiterpenes and diketo-sesquiterpenes. Compo-
ents for peaks 1–14 except peak 10 in the desorption elu-
te of cell extract (Fig. 3b) were identified as �-elemene, 8-
sopropenyl-1, 5-dimethyl-2, 5-cyclodecadiene, �-elemene, �-
aryophyllene, �-elemene, seychellene, �-caryophyllene, ger-
acrene D, curzerene, germacrene B, �-elemenone, neocur-

ione, and germacrone, respectively. Peak 10 was partially over-
apped with peak 9 and several minor peaks (unmarked) failed
o be identified. Curzerene and �-elemene were observed to
e two main bioactive compounds in cell extract of ZTOGI.
he chemical structures of these identified bioactive compounds
ere displayed in Fig. 4.
Comparing Fig. 3a and b, two important points deserve to be

oted. The first one is there are more than 50 peaks in the original
TGOI, while only 14 principal peaks in the cell extract. The
econd one is some high content components in ZTOGI have no
inding with the target cell, while some components with very
ow content are detected in the ZTOGI-cells extraction. This
ndicates that these components with low content have signifi-
ant interactions with the target cell, that is to say, the interaction
etween cell and drug is selective. Further more, one can find that
ome bioactive compounds, such as �-elemene, 8-isopropenyl-
, 5-dimethyl-2, 5-cyclodecadiene, �-elemene, �-caryophyllene

s well as �-elemene were all detected both in elemene-cells and
TOGI-cells when comparing the identified results of detected
ioactive components from EEI and those from ZTOGI, which
rmly validated the reliability of our methodology.
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Fig. 4. Chemical structures of compo

Besides �-elemene, curzerene and neocurdione as well as
ermacrone are thought to be the main biological active ingre-
ients in zedoary turmeric oil. Ogunwande et al. studied an
ssential oil with abundance of curzerene and germacrone
nd found it exhibited potent cytotoxic activity and vary-
ng antibacterial effects [39]. Matsuda et al. [22,40] isolated
everal sesquiterpenes from turmeric rhizomes and made a
ew studies by in vitro experiments. Germacrone and neocur-
ione were found to show potent protective effects on d-
alactosamine/lipopolysaccharide-induced liver injury in mice
nd potent inhibitory effects on contractions induced by high
oncentration of K+ in isolated rat aortic strips. In addition,
-caryophyllene has been found to exhibit cytotoxic activity
gainst several solid tumor cell lines [23,41]. Farag et al. reported
he finding of a receptor neuron type in females of Helicoverpa
rmigera with high sensitivity to and selectivity for the germa-
rene D [42]. However, most of the biological activity researches
n essential oils extracted from turmeric rhizomes so far mainly
ocused on the biological efficacy of the formula that is com-
osed of a few bioactive components. Therefore, further studies
imed at determining the anticancer properties of the other major
onstituents, as well as identifying the unknown compounds of
ils, are necessary to fully understand its bioactivity.

. Conclusions

The organic solvent extraction of cell that was acted by TCMs
n this study could be employed in screening of bioactive com-
ounds against different varieties of cells from TCMs. As there

re no reports in the literatures on screening of bioactive com-
ounds using cell extract, and hence direct comparison with
ther reports seemed to be difficult. Available in vitro screen-
ngs so far mainly focused on immobilized artificial membrane
identified in cell extract for ZTOGI.

echnique such as immobilized liposome chromatography and
mmobilized plasma proteins biochromatography. But in this
aper, we reported a facilitated method for predicting the bioac-
ivities of multiple compounds in TCMs simultaneously using
ell extract integrated with GC–MS, which greatly improve the
esolution and structural identification of potential active com-
ounds in TCMs. Further more, it took into account the integra-
ive characteristic of the pharmaceutical activity of TCMs. Apart
rom that, the cell strain that was described could perform vari-
us TCMs with very low content in a comparatively short time.
his application can be extended to the non-volatile samples
f TCMs, if combined with other chromatographic techniques,
uch as HPLC, as well as other complementary techniques, such
s MS and NMR. Quantitative characterization of the method
ill be performed in the future.
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