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bstract

Although Laggera pterodonta, a folk medicine has been widely used for several centuries as an antiviral agent, there have been no studies to
dentify its antiviral components. A bioassay-guided phytochemical examination of L. pterodonta disclosed that its aqueous extract, which was

ade up of three dicaffeoylquinic acids showed significant inhibitory activity of virus replication. Then a simple and efficient preparative high-
peed counter-current chromatography (HSCCC) method was successfully established by using ethyl acetate–n-butanol–water (3:2:5, v/v) as the
wo-phase solvent system to isolate and purify three bioactive dicaffeoylquinic acids, 3,5-O-dicaffeoylquinic acid, 3,4-O-dicaffeoylquinic acid and
,5-O-dicaffeoylquinic acid. The flow rate was 1.5 ml/min and revolution speed was 800 rpm. The isolation was done in less than 6 h, and 34.6 mg
f 3,5-O-dicaffeoylquinic acid, 29.4 mg of 3,4-O-dicaffeoylquinic acid and 27.1 mg of 4,5-O-dicaffeoylquinic acid was yielded from 600 mg of
he crude sample in one-step separation with the purity of 98.3%, 96.7% and 96.2%, respectively, as determined by high-performance liquid
hromatography (HPLC). The structures of these three bioactive dicaffeoylquinic acids were identified by ultraviolet (UV), electrospray ionization
ass spectrometry (ESI-MS), proton nuclear magnetic resonance (1H NMR) and carbon-13 nuclear magnetic resonance (13C NMR). In the antiviral

xperiment, three dicaffeoylquinic acids all showed significant inhibitory activity against herpes simplex virus-1 (HSV-1), herpes simplex virus-2

HSV-2) and influenza viruses A (IVA) in vitro with high selectivity indexes. However, among the three compounds, 3,5-O-dicaffeoylquinic acid
nd 4,5-O-dicaffeoylquinic acid were the more active than 3,4-O-dicaffeoylquinic acid against HSV-1, HSV-2 and IVA. This study demonstrated
direct link between the antiviral activity of L. pterodonta and the three dicaffeoylquinic acids.
 2007 Elsevier B.V. All rights reserved.
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. Introduction

Laggera pterodonta (DC.) Benth is widely distributed in the
outhwest of China, especially in Yunnan province. It has been

raditionally employed as folk medicine for the treatment of
nflammation and bacterial infectious diseases [1]. Numerous of
hemical constituents such as eudesmane derivatives, sesquiter-

enoid glucosides, flavones, steroids, coumarins, triterpenes as
ell as phenolic acids have been isolated mainly from the ethanol

xtract of this plant [2–7]. It has been reported that only the aque-
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us extract from this plant exhibits antiviral activity. However,
he chemical components with the antiviral activity have not
een identified yet [8]. So the bioassay-guided purification of
ctive components from L. pterodonta was warranted.

Prior to separation, the structures of the antiviral compo-
ents were poorly known. Based on thin-layer chromatography
TLC), UV and HPLC analysis, it indicated that the aque-
us extract of L. pterodonta was rich in phenolic compounds,
nd three dicaffeoylquinic acids were the main compounds [9].
ecent studies have showed that dicaffeoylquinic acids had
otent antiviral activity [10–12]. So, further studies on pharma-
ological and clinical effects necessitate the development of an

fficient preparative separation method of these three main com-
ounds. Dicaffeoylquinic acids are naturally occurring phenolic
ompounds formed by the esterification of quinic acid with two
affeic acids, and the only difference is the position of substituent

mailto:shuyshi@gmail.com
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ig. 1. Chemical structures of 3,5-O-dicaffeoylquinic acid, 3,4-O-
icaffeoylquinic acid and 4,5-O-dicaffeoylquinic acid from L. pterodonta.

roups (Fig. 1). Because of similar molecular and instability
or these three geometrical isomers, separation and purifica-
ion of 3,4-O-dicaffeoylquinic acid, 3,5-O-dicaffeoylquinic acid
nd 4,5-O-dicaffeoylquinic acid by conventional methods such
s column chromatography and HPLC is tedious and usually
equires multiple chromatography steps. The overall yields of
hese methods were poor, because the hydroxyl groups in these
ompounds make them strongly absorbed onto the solid sup-
ort during separation. From now, there are not many articles
eported their separation at the same time and many samples
ere the mixture of these three compounds [13–16].
High-speed counter-current chromatography (HSCCC) is

separation method which has been developed to circum-
ent scaling-up difficulties. This technique is a continuous
iquid–liquid partition chromatography based on partitioning
f compounds between two immiscible liquid phases with no
upport matrix. The HSCCC applications were mostly per-
ormed using immiscible organic–aqueous two-phase solvent
ystem, and the stationary phase of which is retained in the sep-
ration columns by gravity and centrifugal force field, which
s continuously eluted by the counter-flowing mobile phase
riven by external pumping [17]. Therefore it eliminates irre-
ersible adsorptive loss of samples onto the solid support used
n the conventional chromatographic column [18] and it can
urify some compounds difficult to separate by other methods.
urthermore, it permits introduction of crude samples directly

nto the hollow column. Therefore, HSCCC has recently been
nvestigated to effectively separate and purify various natu-
al products [19–24]. HSCCC method is also considered as a
uitable alternative for the separation of isomeric compounds
25,26].

The present paper describes an approach using bioassay-
uided technique to separate and identify the antiviral

omponents from L. pterodonta. An efficient preparative
SCCC was used to isolate and separate 3,5-O-dicaffeoylquinic

cid, 3,4-O-dicaffeoylquinic acid and 4,5-O-dicaffeoylquinic
cid with high purity from the enriched dicaffeoylquinic acids

(
o
M
F
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raction from L. pterodonta at a single separation. Their struc-
ures were elucidated with ESI-MS, 1H NMR and 13C NMR. As
ar as we know, the three dicaffeoylquinic acids were obtained
rom L. pterodonta for the first time. Their antiviral activity
gainst HSV-1, HSV-2 and IVA were assayed.

. Experimental

.1. Chemicals and reagents

D101 macroporous resin was purchased from the Chemical
lant of NanKai University (Tianjin, China), which was cross-

inked polystyrene copolymer.
All organic solvents used for preparation of crude extract

nd HSCCC separation were of analytical grade (The Second
nstitute of Oceanography, Zhejiang, China). Methanol used for
PLC was of chromatographic grade (Merk, Darmstadt, Ger-
any). All aqueous solutions were prepared with pure water

roduced by Milli-Q water (18.2 M�) system (Millipore, Bed-
ord, MA, USA).

The whole herbs of L. pterodonta were collected from Qiubei
ountry, Yunnan province, China. The plants were identified by
rof. Zhongwen Lin. The voucher specimen (No. 9411122 CLD)
as deposited in the State Key Laboratory of Photochemistry

nd Plant Resources in West China, Kunming Institute of Botany,
hinese Academy of Science, Kuming, Yunnan, China.

The 96-well tissue culture plates (Greiner Bio-One GmbH,
ssen, Germany), multi-well plate reader (Bio-Tek Instruments,

nc., USA) and inverted microscope (Olympus optical Co.,
okyo, Japan) were used for antiviral analyses.

HSV-1, HSV-2 and IVA virus were all obtained from centers
or Disease Control and Prevention, China.

.2. Bioassay-guided fractionation and isolation of active
ngredients

.2.1. Preparation of H2O extract
Fresh plants of L. pterodonta were dried at 50 ◦C for 3 days

efore grinding. About 5.0 kg of the powder was extracted by
eionized water (15 l) at 100 ◦C for three times. All the filtrates
ere combined and concentrated to dryness under reduced pres-

ure by rotary evaporation at 60 ◦C. The H2O extract was then
nvestigated for antiviral activity assessment.

.2.2. Fractionation of H2O extract
The H2O extract was suspended in H2O (1 l) and then parti-

ioned with n-butanol (1 l) three times successively. Then the
-butanol solution was evaporated (500 ml, 50 ◦C) and then
ubsequently fractionated to isolate the pure compounds respon-
ible for the antiviral activities, which was subjected on column
hromatography (20.0 cm × 100 cm, contained 3.0 kg D101
acroporous resin) eluting with H2O, followed by increasing

oncentrations of MeOH to give six main fractions: Frs. A–F

Fr. A: 0% MeOH aqueous solution; Fr. B: 20% MeOH aque-
us solution; Fr. C: 40% MeOH aqueous solution; Fr. D: 60%
eOH aqueous solution; Fr. E: 80% MeOH aqueous solution;

r. F: 95% MeOH aqueous solution). The fractionations were
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p
pared and submitted to biological tests for antiviral activity. As
shown in Table 1, H2O extracts possessed certain antiviral activ-
ity against HSV-1, HSV-2 and IVA. The H2O extracts was par-
titioned with n-butanol to remove impurities such as saccharide,

Table 1
The partition coefficients (K) of the target components in different ratio of
volume in ethyl acetate–n-butanol–water solvent system (component 1, 3,5-
O-dicaffeoylquinic acid; component 2, 3,4-O-dicaffeoylquinic acid; component
3, 4,5-O-dicaffeoylquinic acid)

Ethyl acetate–n-
butanol–water

Component 1 Component 2 Component 3
S. Shi et al. / J. Chrom

ll concentrated to dryness and stored in the refrigerator until
equired. The recovery of 3,4-O-dicaffeoylquinic acid, 3,5-O-
icaffeoylquinic acid and 4,5-O-dicaffeoylquinic acid in 40%
eOH aqueous solution were 65.3%, 73.8% and 71.9%, respec-

ively, based on the original concentrations in the crude extracts
nalyzed by HPLC. The values for the precision and accuracy
ere better than 6% and 8.5% (n = 4).

.3. HSCCC

.3.1. Preparation of two-phase solvent system
The following three kinds of solvent system at differ-

nt volume ratio were tested to select a suitable two-phase
olvent system based on the partition coefficient (K) of
icaffeoylquinic acids: (1) chloroform–methanol–water, (2)
-butanol–methanol–water, (3) ethyl acetate–n-butanol–water.
ach solvent mixture was thoroughly equilibrated in separating

unnel at room temperature and the two phases separated shortly
efore use. The K value was expressed as the concentration of
icaffeoylquinic acids in the upper phase divided by that in the
ower phase which was determined by HPLC.

.3.2. HSCCC separation procedures
HSCCC experiments were performed using a coil planet

entrifuge equipped with a multiplayer coil column that was
esigned and fabricated at the Zhejiang Gongshang University,
hina. The apparatus was equipped with one layer coil column
ade of convoluted polytetrafluoroethylene (PTFE) tubing with
1.6 mm average i.d. and a 20 ml sample loop (total volume,

20 ml). The column revolves around its own axis at the angu-
ar velocity in the same direction. The revolution radius or the
istance between the holder axis and central axis of the cen-
rifuge was 8 cm, and the β value of the coils from the inner
ayer to the outer layer is 0.50–0.79. β = r/R, where r is the dis-
ance from the coil to the holder shaft and R is the revolution
adius or the distant between the holder axis and central axis
f the centrifuge. The HSCCC system was also equipped with a
MI pump (Zhejiang Instrument Factory, Hangzhou, China) and
variable wavelength PC300 detector operating at 326 nm and
model SCJS-3000 workstation (Tianjin Scientific Instrument
td., Tianjin, China).

In each separation, the multiplayer coil column was first
ntirely filled with the upper stationary phase. Then the lower
obile phase was pumped into the inlet of the column at the flow

ate of 1.5 ml/min, while the apparatus was rotated at 800 rpm.
fter the mobile phase was eluted from the tail outlet and the two
hases had established the hydrodynamic equilibrium through-
ut the column, the sample solution was injected through the
njection valve. The effluent from the outlet of the column was
ontinuously monitored with a UV detector at 326 nm and the
eak fractions were collected. After three peaks were eluted,
he centrifuge was stopped and the column contents were frac-
ionated by continuously eluting the column with the mobile

hase.

The sample solution was prepared by dissolving 600 mg of
he most active fraction (Fr. C) in 20 ml of the lower phase of
he solvent system for isolation and purification.

1
2
3
4

. B  859 (2007) 119–124 121

.4. HPLC analysis and identification of HSCCC peak
ractions

Analytical HPLC was performed on high-performance liquid
hromatograph system with Waters Alliance 2695 separa-
ions module equipped with 2699 photodiode array detector
nd Empower pro data handling system (Waters Corpora-
ion, Milford, MA01757, USA). Samples were conducted on
Symmetry® C18 (100 mm × 3.9 mm i.d., 5 �m) column using
isocratic elution of 0.1% acetic acid and methanol (60:40, v/v)
s mobile phase at a flow rate of 0.8 ml/min. The purities of the
ollected fractions were determined by HPLC based on the peak
rea of the target species normalized to the sum of all observed
eaks.

MS data were measured on a Bruker Esquire 3000+ instru-
ent (Faellanden, Switzerland). 1H NMR and 13C NMR

xperiments were performed on a VARIAN INOVA-400 (Var-
an Corporation, USA) NMR spectrometer using CDOD3 as
olvent.

.5. Antiviral assay

Assay for antiviral activity was based on the inhibition
f virus-induced cytopathic effect (CPE) in Vero cells and
DCK cells [27]. After the cells infected by virus for 2 h,
edia with compounds at different concentrations were added.
PE was observed under the microscope after incubation

or 48 h. Acyclovir (ACV) and Ribavrin (RBV) were used
s positive reference substance. CPE inhibition data were
xpressed as the 50% effective (viral CPE-inhibitory) concen-
ration (IC50), 50% cytotoxicity (cell-inhibitory) concentration
CC50) and selectivity index (SI), determined as the CC50/IC50.
ll values are expressed as means of three independent experi-
ents ± standard errors of mean (SEM).

. Results and discussion

.1. Bioassay-guided fractionation of the H2O extracts

For the scientific evaluation of the claimed effects for L.
terodonta in Chinese folk medicine, H2O extracts were pre-
:4:5 2.48 3.93 5.66
:3:5 1.41 2.29 3.43
:2:5 0.68 1.21 1.75
:1:5 0.29 0.47 0.81
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Fig. 2. HPLC chromatogram of enriched extract of L. pterodonta. HPLC
conditions: column, reversed-phase Symmetry® C18 (150 mm × 3.9 mm i.d.,
5 �m); mobile phase, 0.1% acetic acid-methanol (60:40, v/v); flow rate,
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.8 ml/min; UV wavelength, 326 nm; column temperature, 30 ◦C. Peaks 1, 2
nd 3 correspond to 3,5-O-dicaffeoylquinic acid, 3,4-O-dicaffeoylquinic acid
nd 4,5-O-dicaffeoylquinic acid, respectively.

tc. Then, a bioassay-guided fractionation was performed on the
-butanol solution in order to isolate the bioactive compounds
ontributing to the antiviral activity. The n-butanol extract was
ractionated over D101 column chromatography to afford six
ain fractions. Each fraction was then submitted to biological

ests for antiviral activity. Since Fr. C (40% MeOH aqueous solu-
ion) showed potent activiral activity, further isolation studies
ere performed using this fraction (Table 2). Successive HSCCC
as applicated to isolate the active compounds.

.2. Screening of HPLC method

HPLC is a popular method to analyze crude extract and
SCCC fractions. The enriched extract after D101 macroporous

esin column chromatography contained three main isomeric
ompounds. Optimization was performed on the enriched
xtract including composition of mobile phase, flow rate and
olumn temperature. After experiments, 3,5-O-dicaffeoylquinic
cid, 3,4-O-dicaffeoylquinic acid and 4,5-O-dicaffeoylquinic
cid could reach baseline separation under the following con-
itions: the mobile phase composed of 0.1% acetic acid and
eOH (60:40, v/v) was eluted isocratically at a flow rate of

.8 ml/min, the column temperature and detection wavelength
ere set at 30 ◦C and 326 nm, respectively. HPLC chromatogram
f the enriched extract is shown in Fig. 2.

.3. Selection of two-phase solvent system and other
onditions of HSCCC

Appropriate solvent system plays an important role in sepa-
ation by HSCCC. Partition coefficient (K) is the most important
arameter in solvent system selection, which should be close to
to get an efficient separation and a suitable run time. If it is
uch smaller than 1, the solutes will be eluted close to each

ther near the solvent front, which may result in loss of peak
esolution; if the K value is much greater than 1, the solutes will
e eluted in excessively broad peaks, and may lead to extended

lution time [28].

In this experiment, three kinds of solvent system at differ-
nt volume ratios were selected to separate these three similar
ompounds. Preliminary HSCCC experiments were carried out Ta
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Fig. 3. Preparative HSCCC separation of enriched extract from L. pterodonta
after cleaning up by D101 macroporus resin. Experimental conditions: revolu-
tion speed: 800 rpm; solvent system: ethyl acetate–n-butanol–water (3:2:5, v/v);
stationary phase: upper phase; mobile phase: lower phase; flow rate: 1.5 ml/min;
r
I
a

w
s
1

T
1

d

P

C

S. Shi et al. / J. Chrom

ith the medium polarity, such as chloroform–methanol–water
n different volume ratio, however the K values were much bigger
han 1, and the three target compounds could not be separated.
elatively, n-butanol is a good solvent for polar compounds.
hus, various solvent systems based on n-butanol and water were
onducted partition coefficient tests. Although K values of the
olvent system composed of n-butanol–methanol–water were
ppropriate, it led to emulsification. In the subsequent studies,
his system was replaced with ethyl acetate–n-butanol–water.
he K values of three target compounds are given in
able 1. After comparison of different ratios, ethyl acetate–n-
utanol–water (3:2:5, v/v) gave the best separation.

Other factors such as the revolution speed of the separation
olumn and the flow rate of the mobile phase were also inves-
igated. Different flow rate (1.0, 1.5, 2.0 and 2.5 ml/min) of the

obile phase and different revolution speed (500, 600, 700 and
00 rpm) of the selected system were examined in the present
aper, which can vary the retention of the stationary phase. The
etention of the stationary phase is one of the most important
arameters in HSCCC. Successful separation in HSCCC largely
epends on the amount of stationary phase retained in the col-
mn. In general, the higher the retention of the stationary phase,

he better the peak resolution. It was clear that high flow rate was
nfavorable to the retention of the stationary phase, and the slow
ow speed can produce a good separation, but more time and
ore mobile phase will be needed, and the chromatogram peak

o
r

o

able 3
H NMR (400 MHz) and 13C NMR (100 MHz) spectral data of 3,5-O-dicaffeoylquin
icaffeoylquinic acid (component 3) in CD3OD (δ in ppm, J in Hz)

osition 1H NMR

1 2

1
2 2.16 (2H, m) 2.03 (2H, m)
3 5.36 (1H, m) 5.68 (1H, br s)
4 3.94 (1H, d, 4.4) 5.16 (1H, br s)
5 5.39 (1H, m) 4.27 (1H, br s)
6 2.29 (1H, br d, 13.2) 2.16 (2H, m)

2.16 (1H, m)
7

affeoyl
1′

2′ 7.04 (2H, br s) 7.08 (1H, br s)
7.07 (1H, br s)

3′

4′

5′ 6.75 (2H, d, 8.4) 6.78 (2H, d, 8.4)

6′ 6.94 (2H, br d, 8.4) 6.95 (2H, br d, 8.4)

7′ 7.59 (1H, d, 16.0) 7.61 (1H, d, 16.0)
7.55 (1H, d, 16.0) 7.57 (1H, d, 16.0)

8′ 6.33 (1H, d, 16.0) 6.32 (1H, d, 16.0)
6.24 (1H, d, 16.0) 6.30 (1H, d, 16.0)

9′

a Assignments confirmed by decoupling, 1H–1H COSY, NOESY, HMQC and HMB
etention of the stationary phase: 65%; detection wavelength: 326 nm. Fractions
, II and III correspond to 3,5-O-dicaffeoylquinic acid, 3,4-O-dicaffeoylquinic
cid and 4,5-O-dicaffeoylquinic acid, respectively.

as extended. High rotary speed can increase the retention of the
tationary phase. The result showed that when the flow rate was
.5 ml/min, resolution speed was 800 rpm, retention percentage

f the stationary phase could reach 65% and good separation
esults could be obtained.

Under the optimum conditions, three fractions (I–III) were
btained in one-step elution less than 6 h (HSCCC chro-

ic acid (component 1), 3,4-O-dicaffeoylquinic acid (component 2) and 4,5-O-

13C NMRa

3 1 2 3

74.9 75.9 76.2
2.26 (2H, m) 37.8 39.6 38.5
4.35 (1H, br s) 72.1 70.1 69.8
5.09 (1H, d, 7.2) 70.7 75.3 76.1
5.74 (1H, br s) 72.6 67.0 69.2
2.26 (1H, m) 36.1 37.7 39.8
2.10 (1H, m)

177.8 176.8 176.8

127.9 127.8 127.6
127.8 127.7 127.5

6.99 (1H, br s) 115.2 115.2 115.2
6.96 (1H, br s) 115.1 115.2 115.1

146.8 146.8 146.7
146.8 146.8 146.7
149.6 149.6 149.6
149.5 149.6 149.6

6.71 (2H, m) 116.5 116.5 116.4
116.5 116.5 116.4

6.88 (1H, d, 8.0) 123.1 123.2 123.2
6.85 (1H, d, 8.0) 123.0 123.2 123.2
7.56 (1H, d, 5.6) 147.0 147.3 147.7
7.48 (1H, d, 15.6) 146.8 147.3 147.5
6.25 (1H, d, 15.6) 115.6 115.2 114.7
6.15 (1H, d, 15.6) 115.1 115.0 114.7

168.9 168.5 168.6
168.3 168.5 168.3

C.
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atogram is shown in Fig. 3), which is 34.6 mg of fraction I
collected during 160–210 min), 29.4 mg of fraction II (collected
uring 225–260 min) and 27.1 mg of fraction III (collected dur-
ng 270–300 min). The purity of these compounds was 98.3%,
6.7% and 96.2%, respectively, determined by HPLC peak area
ercentage.

.4. Antiviral activity

Antiviral activity of the main compounds was again assayed
n the same in vitro system. As shown in Table 2, the main
onstituents of the active fraction exhibited antiviral activity at
certain extent. For the three chemical entities, the concentra-

ions of 50% of inhibitory rates against HSV-1 and HSV-2 ranged
rom 79.5 to 170.4 �mol/ml and 113.6 to 229.1 �mol/ml, respec-
ively. The IC50 values on IVA inhibition ranged from 202.2 to
23.0 �mol/ml. Furthermore, the relatively high SI values sug-
ested the safety of medical application. This result supports
he claimed effects of L. pterodonta being applied as popular
erbal medicine by local people in Yunnan province, China.
onsidered the anti-HIV (human immunodeficiency virus) and
nti-RSV (respiratory syncytial virus) activity reported for dicaf-
eoylquinic acids [11,29], dicaffeoylquinic acids approved the
road-spectrum antiviral activity and L. pterodonta is worthy of
urther study and development as new antiviral medicine.

.5. Structural elucidation

The structural identification of peak fractions were all per-
ormed with UV, ESI-MS, 1H NMR and 13C NMR spectra.
pectroscopic data were determined by photodiode-array detec-

ion in the corresponding HPLC solvents.
Peak 1: UV λmax (MeOH) nm: 220, 248, 300 sh, 329; ESI-

S m/z: 515 [M-H]−; 1H NMR and 13C NMR data: Table 3.
omparing the data with the literature [30], the obtained product
as identified as 3,5-O-dicaffeoylquinic acid.
Peak 2: UV λmax (MeOH) nm: 220, 247, 300 sh, 330; ESI-MS

/z: 515 [M-H]−; 1H NMR and 13C NMR data: Table 3. Their
V, ESI-MS, 1H NMR and 13C NMR data are in agreement
ith 3,4-O-dicaffeoylquinic acid in the literature [29].
Peak 3: UV λmax (MeOH) nm: 218, 247, 300 sh, 326; ESI-MS

/z: 515 [M-H]−; 1H NMR and 13C NMR data: Table 3, which
atched with the reported NMR data for 4,5-O-dicaffeoylquinic

cid [29].

. Conclusions

Using bioassay-guided fractionation technique, the present

tudy directly linked the antiviral activity of L. pterodonta to
hree dicaffeoylquic acids: 3,5-O-dicaffeoylquinic acid, 3,4-O-
icaffeoylquinic acid and 4,5-O-dicaffeoylquinic acid. Then, an
fficient HSCCC method was developed for the isolation and

[
[
[

[
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urification of three dicaffeoylquic acids with a two-phase sol-
ent system composed of ethyl acetate–n-butanol–water (3:2:5,
/v) for the first time. The purity of the fractions was over 96%
n a one-step separation, which indicated that HSCCC is a pow-
rful technique to isolate and purify isomeric compounds from
atural plants. Furthermore, with the method described here, the
hree dicaffeoylquic acids can be isolated on a large scale which

ay then be used for further bioactivity studies.
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