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Abstract

HPLC profile guided study led to the isolation of an acylated secoiridoid glycoside, named gentiotrifloroside (1), together with six
known compounds, i.e., loganic acid (2), 6-O-b-D-glucopyranosylgentiopicroside (3), swertiamarin (4), gentiopicroside (5), sweroside
(6) and 2 -(o,m-dihydroxybenzyl)-sweroside (7) from Gentiana triflora and Gentiana rigescens. The structure of 1 was deduced from
one- and two-dimensional NMR spectroscopic experiments. Compounds 1–7 were used successfully as chemical markers for the com-
parison of the four species of Gentiana used as Radix gentianae. Additionally, differentiation of Gentiana species mentioned and those
used as adulterants was evaluated. The close similarity of chemical composition among the four genuine Gentiana species explain their
popular usage as R. gentianae in Chinese medicine. We have also shown that the variation of chemical composition in R. gentianae and
related adulterants agree well with their botanical phylogeny.
� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Gentiana, containing about 400 species, is the largest
genus in the family Gentianaceae (Struwe et al., 2002).
Plants belonging to this genus are best known for their bit-
ter taste, and herbal extracts from various species have
been included in many herbal formulations as remedies
for poor appetite and digestive problems worldwide
(Jensen and Schripsema, 2002). The dried root and rhi-
zomes of four species, namely Gentiana manshurica Kitag,
Gentiana scabra Bge, Gentiana triflora Pall and Gentiana

rigescens Franch are officially listed in the Chinese Pharma-
0031-9422/$ - see front matter � 2005 Elsevier Ltd. All rights reserved.

doi:10.1016/j.phytochem.2005.09.028

* Corresponding authors. Tel.: +852 2609 6803; fax: +852 2603 5123.
E-mail addresses: paulbut@cuhk.edu.hk (P.Pui-Hay But), pcshaw@

cuhk.edu.hk (P.-C. Shaw).
copoeia under the name of Radix gentianae (Longdan in
Chinese). It is quite frequently used to eliminate damp-heat
and quench the fire of the liver and gall bladder (Commit-
tee for the Pharmacopoeia of P.R. China, 2000). The first
three species are distributed in northeastern China and
reputed ‘‘Guanlongdan’’ while the latter one is located in
southwestern part and called ‘‘Jianlongdan’’. A number
of secoridoids have been isolated from R. gentianae to date
(Rodriguez et al., 1998), for examples, gentiopicroside and
sweroside were identified from G. scabra (Tang and Tan,
1997), and trifloroside was characterized in G. triflora (Ino-
uye et al., 1974); however, detailed phytochemical compar-
ison among different species and evidence for the
equivalent application of these herbs are lacking. Further-
more, a related species G. rhodantha Franch is frequently
found as a substitute in southwestern China due to the
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demand for R. gentianae. Moreover, the neurotoxic Podo-

phyllum hexandrum Royle in the family Berberidaceae had
been found as an adulterant because of their similar
appearance (Ng et al., 1991; But et al., 1996). Analytical
methods for the comparative analysis of these herbs are
thus necessary.

In this paper, we report the HPLC profile directed isola-
tion and structure elucidation of a novel acylated secoirid-
oid glycoside, namely gentiotrifloroside (1) which was only
found in G. triflora so far (Fig. 1), together with six known
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Fig. 1. Structural formula of gentiotrifloroside (1).

Table 1
Sample list and contents of gentiopicroside (5) and sweroside (6)

No. Species Origins

1 G. manshurica Yanbian, Jilin
2 G. manshurica Beian, Heilongjiang
3 G. manshurica Jilin city, Jilin
4 G. manshurica Dandong, Liaoling
5 G. scabra Beian, Heilongjiang
6 G. scabra Yinan, Heilongjiang
7 G. triflora Yinan, Heilongjiang
8 G. triflora Yinan, Heilongjiang
9 G. rigescens National Institute for the Contr

Pharmaceutical and Biological P
10 G. rigescens Deqin, Yunnan
11 G. rigescens Weishan, Yunnan
12 G. rigescens Yiliang, Yunnan
13 G. rigescens Xilin, Guangxi
14 G. rigescens Dali, Yunnan
15 G. rigescens Lincang, Yunnan
16 Commercial Radix gentianae Wanzhen herbs shop, Hong Ko
17 Commercial Radix gentianae Guofeng herbs shop, Hong Kon
18 Commercial Radix gentianae Heilongjiang
19 Commercial Radix gentianae Wuhan, Hubei
20 G. rhodantha Xishui, Guizhou
21 G. rhodantha Shizhu, Chongqin
22 Podophyllum hexandrum Institute of Chinese Medicine, T

of Hong Kong (ICM-CUHK)
23 Podophyllum hexandrum Chinese herbal museum, ICM-C

‘‘–’’, means too low to be determined.
a y = 1.0058 · 10�6v + 0.557956, R2 = 0.998.
b y = 7.12233 · 10�7v + 0.0723457, R2 = 0.999.
compounds, i.e., loganic acid (2), 6-O-b-D-glucopyranosyl-
gentiopicroside (3), swertiamarin (4), gentiopicroside (5),
sweroside (6) and 2-(o,m-dihydroxybenzyl)-sweroside (7),
and comparative study on genuine R. gentianae, substitute
and toxic adulterant by HPLC analysis.
2. Results and discussion

The crude methanol extracts of the powdered roots of G.
manshurica, G. scabra, G. triflora and G. rigescens from dif-
ferent origins (Table 1) were screened by HPLC-UV. Typ-
ical chromatograms at a wavelength of 254 nm for the four
herbs are shown in Fig. 2(a)–(d), which revealed five com-
mon peaks 2 (tR = 5.78 min), 3(tR = 11.00 min), 4

(tR = 11.55 min), 5(tR = 16.68 min) and 6 (tR = 18.53 min)
in the four herbs and two specific peaks 1 (tR = 28.87 min)
and 7 (tR = 33.15 min) for G. triflora and G. rigescens,
respectively. To identify the structures of 1–7, the roots
of G. triflora and G. rigescens were extracted for the purifi-
cation of 1–6 and 7, respectively, due to their relatively
higher contents of the corresponding peaks. The extracts
were separated by either precipitation or partition. Frac-
tions were analyzed by HPLC-UV to check for the distri-
bution of these peaks. Further purification of compounds
1–7 was achieved by semi-preparative HPLC.

The new compound 1 was isolated as a colorless pow-
der. Assignment of its molecular formula C29H36O17 was
Voucher number 5 (%)a 6 ( %)b

2005-2701a 3.72 0.29
2005-2701b 2.24 0.06
2005-2701c 4.19 0.05
2005-2701d 2.90 0.05
2005-2702a 1.08 2.90
2005-2702b 2.31 1.93
2005-2703a 6.47 0.03
2005-2703b 4.45 0.03

ol of
roducts

0988-200202 2.25 0.04

2005-2704a 6.28 0.06
2005-2704b 1.84 0.04
2005-2704c 0.89 0.08
2005-2704d 1.02 0.04
2005-2704e 3.01 0.03
2005-2704f 1.92 0.02

ng 2005-2705a 2.77 0.03
g 2005-2705b 2.16 0.02

2005-2705c 3.55 0.03
2005-2705d 1.66 0.04
2005-2706a – 0.06
2005-2706b – 0.04

he Chinese University ICM 686 – –

UHK ICM2148 – –
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Fig. 2. Typical chromatograms at 254 nm for Gentiana species: G. manshurica (a, sample 1), G. scabra (b, sample 6) and G. triflora (c, sample 8), G.
rigescens (d, sample 9) and G. rhodantha (e, sample 20).
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based on negative HRFABMS (m/z [M � H]� 655.1886,
calculated 655.1874).

The 1H NMR spectrum (Table 2) showing a
characteristic oxyolefinic proton at d 7.133 (d,
J = 2.5 Hz, H-3) suggested that 1 was a secoiridoid
derivative of sweroside-type, which was further sub-
stantiated by liberation of sweroside from 1 with
5% NaOH.



Table 2
NMR spectroscopic data for gentiotrifloroside (1)a

Position dH mult., J in Hz dC mult. HMBC

1 5.458, d, 1.5 97.71 d C-3, C-5, C-8, C-10

3 7.133, d, 2.5 153.38 d C-1, C-4, C-5, C-11
4 105.68 s

5 2.676, m 28.76 d C-3, C-4, C-6, C-8, C-9
6 1.512, m, H-6a 25.71 t C-5, C-7

1.666, m, H-6b C-5, C-4
7 4.093, m, H-7a 69.68 t C-5, C-6

4.304, m, H-7b C-5, C-6, C-11
8 5.401, dt, 9.8, 17.1 132.72 d C-1, C-5, C-9, C-10
9 2.620, ddd, 1.5, 5.5, 9.8 43.30 d C-1, C-4, C-5, C-8, C-10

10 5.219, dd, 1.9, 9.8 121.04 t C-1, C-8, C-9
5.261, dd, 1.9, 17.1 C-1, C-8, C-9

11 167.11 s

10 4.996, d, 8.0 97.10 d C-1, C-20

20 5.028, dd, 8.2, 8.9 75.68 d C-10, C-30, C-700

30 3.523, t, 9.0 75.06 d C-20, C-40, C-50

40 3.430, t, 8.2 71.43 d C-30, C-50, C-60

50 3.470, m 78.33 d C-30, C-40

60 3.717, dd, 5.6, 10.2, H-6 0a 62.59 t C-40, C-50

3.939, dd, 1.8, 11.9, H-6 0b C-40

100 114.35 s

200 153.12 s

300 147.35 d

400 7.420, dd, 1.5, 8.0 124.94 d C-200, C-300, C-600

500 6.835, t, 8.0 120.46 d C-100, C-300, C-400, C-600

600 7.537, dd, 1.5, 8.0 124.68 d C-200, C-400, C-700

700 170.68 s

1000 4.949, d, 7.4 103.44 d C-300, C-3000

2000 3.789, dd, 8.5, 8.7 75.06 d C-4000

3000 3.496, t, 7.7 77.84 d C-2000, C-4000, C-5000

4000 3.398, t, 9.2 71.78 d C-3000, C-5000, C-6000

5000 3.451, m 78.74 d C-3000, C-4000, C-6000

6000 3.694, dd, 5.6, 10.3, H-6 0a 62.59 t C-4000, C-5000

3.896, dd, 2.1, 12.1, H-6 0b C-4000

a Recorded in CD3OD on a Bruker spectrometer at 500 MHz (1H
NMR) and 125 MHz (13C NMR). Carbon multiplicity was obtained from
a DEPT experiment.
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The appearance of a set of 1,2,3-trisubstituted benzene
signals at d 7.420 (dd, J = 1.5, 8.0 Hz, H-400), 6.835 (t,
J = 8.0 Hz, H-500) and 7.537 (dd, J = 1.5, 8.0 Hz, H-600)
could be assigned to a 200,300-dioxygenated benzoyl group,
which was reinforced by the typical carbon resonances at
114.35 (s, C-100), 153.12 (s, C-200), 147.35 (s, C-300), 124.94
(d, C-400), 120.46 (d, C-500), 124.68 (d, C-600) and 170.68 (s,
C-700 carbonyl). The positive reaction of 1 with FeCl3 indi-
cates the presence of a phenolic hydroxyl group and its
location at 2-position was confirmed by the more downfield
nature of C-200 as compared with C-300.

The existence of two glucosyl moieties was inferred from
the two anomeric protons at d 4.996 (d, J = 8.0 Hz, H-1 0)
and 4.949 (d, J = 7.4 Hz, H-1000), and confirmed by the pres-
ence of two set of glucose carbon signals. The coupling
constants of the anomeric protons prove the b-configura-
tion for both sugar units. The more downfield position of
one anomeric carbon atom C-l000 (103.44, d) shows that this
is the terminal glucose linked to the oxygenated benzoyl
moiety; in contrast to that of the inner glucose C-1 0

(97.10, d) which is linked to the secoiridoid nucleus.
Accordingly, compound 1 was revealed to consist of one
secoiridoid nucleus, one 2-hydroxyl-3-oxygenated benzoyl
moiety and two glucosyl moieties.

The full assignments and connectivities were determined
by 1H–1H COSY, HMQC and HMBC spectra. The 1H–1H
COSY spectrum established spin systems involving H-
1 ! H-9 ! H-8 ! H-10, H-9 ! H-5 ! H2-6! H2-7 and
H-400 ! H-500 ! H-600. The HMQC spectrum revealed that
the protons at d 5.458 (H-1) and 4.996 (H-1 0) are attached
to carbons at d 97.71 (C-1) and 97.10 (C-1 0), respectively,
and the HMBC spectrum showed that H-1 is correlated
to C-1 0 and H-1 0 is correlated to C-1, which established
that the inner glucose is attached to the secoiridoid agly-
cone at C-1 via a glycosidic bond to form a sweroside skel-
eton. The HMBC correlation of H-2 0 with the carbonyl
group at C-7 indicates that the 200-hydroxyl-300-oxygenated
benzoyl moiety is attached to C-2 0 of the inner glucose via
an ester bond. Similarly, the linkage between 200,300-dioxy-
genated benzoyl moiety and the terminal glucose was
established by HMBC correlation of H-1000 to C-300.
Accordingly, compound 1 was determined as 2-O-(2-hy-
droxyl-3-O-b-D-glucopyranosyl-benzoyl)-sweroside, which
was named gentiotrifloroside.

A large number of acylated sweroside derivatives have
been isolated from the Gentianaceae family. These kind
of compounds vary primarily in the extent and pattern of
acylation of the inner glucose. Close examination of the
previously reported structures revealed three common acyl-
ation patterns: (i) single acylation with acetyl or hydroxyl-
ated aromatic acids, e.g., decentapicrin A (Kojić-Prodić
et al., 1985) and amarogentin (Kawahara et al., 2001); (ii)
multiple acylation with both acetyl and hydroxylated aro-
matic acids, e.g., 2-O-acetyl-4-O-trans-feruloylswertiama-
rin (Kikuzaki et al., 1996); (iii) multiple acylation with
both acetyl group and glycosylated aromatic acid, e.g.,
trifloroside (Bergeron et al., 1997) and 2-gentisoyl gelido-
side (Tan and Kong, 1997). To the best of our knowledge,
compound 1 represents the first example of acylated swero-
side derivative with a glycosylated aromatic acid served as
the single acylation unit.

The structures of other six known compounds were
identified by comparison of their spectroscopic data with
those of reported values and found to be loganic acid (2)
(Bianco et al., 2003), 6-O-b-D-glucopyranosylgentiopicro-
side (3) (Kakuda et al., 2001), swertiamarin (4) (Luo and
Nie, 1993), gentiopicroside (5) (Takeda et al., 1999), swero-
side (6) (Beek et al., 1982) and 2-(o,m-dihydroxybenzyl)-
sweroside (7) (Tan et al., 1996). Accordingly all seven peaks
were characterized. Compounds 2 and 3 were isolated from
G. triflora for the first time, and compound 7 was isolated
from G. rigescens for the first time. A standard solution
consisting of compounds 1–7 was analyzed under the same
HPLC condition as the crude extracts. The resulting chro-
matogram is shown in Fig. 3.

The present HPLC-UV/PDA investigation reveals the
close similarity of chemical compositions among the four
genuine Gentiana species as the presence of five common
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Fig. 3. HPLC chromatograms of chemical markers 1–7 at 254 nm (a), and online UV spectra of compounds 2, 4 and 6 (b), compounds 3 and 5 (c),
compounds 1 and 7 (d). Compounds 2–6, 1 and 7 are eluted from the column successively.
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compounds 2–6 in their methanol extracts (Fig. 2(a)–(d))
and therefore it is reasonable for their application under
the same name of R. gentianae in Traditional Chinese
Medicine.
Table 3
Relative abundance of compounds 1–7 in the underground part of
Gentiana species and related adulterants

Sample No. 1 2 3 4 5 6 7

1 + � + � +
2 � � + � �
3 + � + �+ �
4 + � + � �
5 + � � � �+
6 + � + � �
7 � + � + �+ �
8 + + � + �+ �
9 + � + � � +
10 + � + �+ � +
11 � � � � � +
12 � � � + + +
13 � � � � � +
14 + � � � � +
15 � � � � � +
16 + + + � �
17 + � � � �
18 + � + � �
19 + � � � � +
20 �
21 �
22
23

The symbols represent an estimate of the relative abundance on basis of
peak area. ‘‘�’’ means a weak peak detected with peak area 2 · 104–4 · 105

units; ‘‘+’’ means a clear peak detected with peak area 4 · 105–4 · 106

units; ‘‘�’’ means a strong peak detected with peak area 4 · 106–2 ·
107 units; and ‘‘�+’’ means a very strong peak detected with peak area
larger than 2 · 107 units.
However, chemical variations were also observed in
compounds 1–7 as shown in Table 3. Compounds 5 and
6 are the main active constituents which are mostly associ-
ated with the pharmacological activities of R. gentianae,
e.g., liver-protecting (Liu et al., 2002, 1994) and smooth
muscle relaxing (Rojas et al., 2000). Thus, the contents of
compounds 5 and 6 were calibrated as listed in Table 1.
The content of compound 5 ranged from 0.89% to 6.47%
with an average of 2.97%. Sample 7 (G. triflora) possessed
the highest content (6.47%) of compound 5 in all the sam-
ples, and samples 3, 6 and 10 had the highest content in G.

manshurica (4.19%), G. scabra (2.31%) and G. rigescens
(6.28%), respectively, whereas sample 12 was not qualified
due to its lower content than 1% (Committee for the Phar-
macopoeia of P.R. China, 2000). Compound 6 in most
samples (from 1–4 to 7–15) appeared as a minor compo-
nent with an average content of 0.06%; however, in the
two localities of G. scabra, it is about fifty times higher than
that in other samples. The average total contents of com-
pounds 5 and 6 are 3.37%, 4.11%, 5.49% and 2.50% for
G. manshurica, G. scabra, G. triflora, G. rigescens, respec-
tively. Compounds 2–4 were observed in all four species
as either a small or distinct peak; however, compounds 1

and 7 characterized in G. triflora and G. rigescens, respec-
tively, were not detected in other samples.

Samples of four market commodities purchased in Hong
Kong (samples 16 and 17) and mainland China (samples 18
and 19) were also studied. The average contents of com-
pounds 5 and 6 in these samples are 2.53% and 0.03%,
respectively, which are comparable to those of correspond-
ing components in the collected samples. Samples 16–18
were inferred to be G. manshurica based on their similar
HPLC pattern; while sample 19 was inferred to be G. riges-
cens due to the presence of a distinctive peak for compound
7 (Table 3).
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The same HPLC conditions were also applied to differ-
entiate R. gentianae from G. rhodantha and P. hexandrum.
It was noted that the chromatogram of G. rhodantha is sig-
nificantly different from the four species used as R. genti-

anae (Fig. 2(e)), and only a trace amount of compound 6

was detected. All seven markers were not observed in P.
hexandrum. Thus, both G. rhodantha and P. hexandrum

should be regarded as adulterants of R. gentianae.
The genus Gentiana is divided in 12 sections in China (19

sections in the world) (He, 1988). ‘‘Guanlongdan’’ (G. man-

shurica, G. scabra and G. triflora) and ‘‘Jianlongdan’’ (G.
rigescens) belong to the adjacent sections of Pneumonanthe
(section III) and Monopodiae (section IV), respectively,
and also share a similar chemical pattern, while G. rhodan-
tha belongs to the section of Senogyne (section IX) and
large variation in HPLC chromatogram was observed. P.
hexandrum belongs to another family and shows com-
pletely different chemical profile. Hence, the HPLC profiles
agree well with their botanical phylogeny. In conclusion,
current investigation provides a detailed comparison of
the chemical composition of four species used as R. genti-
anae and differentiation from related adulterants. Results
of this research thus now explain the popular usage of four
species in their clinical applications.
3. Experimental

3.1. General

The UV spectra were obtained on an online Beckman
168 DAD spectrophotometer. ESIMS were recorded on a
Finnigan MAT TSQ 7000 instrument. HRFABMS mea-
surements were made on an API QSTAR Pulsar i system
Q-TOF mass spectrometer. NMR spectra were obtained
(1H, 13C, DEPT, NOESY, 1H–1H COSY, HMQC and
HMBC) on a Bruker spectrometer operating at 500 MHz
for 1H and 125 MHz for 13C, respectively. Chemical shifts
are reported in ppm with reference to the solvent signals
CD3OD (dH 4.87 and dC 49.2), and coupling constants
are in Hz. Column chromatography was performed with
reversed phase silica gel (Merck, Germany), and macro-
porous resin D101 (Tianjin Agricultural Chemical Co.
Ltd., China). TLC were performed on precoated Si gel 60
F254 plates (0.2 mm thick, Merck) with CHCl3–CH3OH
(4:1 and 3:1 v/v), and spots were detected by UV illumina-
tion and by spraying with vanillin–H2SO4 (1%) and 1%
FeCl3 reagent.

3.2. Plant material

The herbal samples of G. manshurica, G. scabra and G.

triflora were collected in northeastern China (Jilin, Liaon-
ing and Heilongjiang provinces) and G. rigescens and G.
rhodantha were collected in southwestern China (Yunnan,
Guangxi, Guizhou and Chongqing provinces). All of the
plant materials were collected from February to April of
2004. The botanical origins of all the collected samples
were identified by Dr. Cao Hui during the field collection.
The specimens of all these materials were kept in the Insti-
tute of Chinese Medicine, The Chinese University of Hong
Kong. The voucher numbers are shown in Table 1.
3.3. Extraction and isolation of compounds 1–6 from G.

triflora

The dried and pulverized roots and rhizomes ofG. triflora
(120 g) were extracted withMeOH (300 mL) in an ultrasonic
water bath for 1 h. This extraction was repeated one more
time. The extracted portions were combined and concen-
trated by evaporation under reduced pressure to give a crude
extract (18.5 g), which was dissolved in MeOH (100 mL).
CHCl3 was slowly added to theMeOH solution until its con-
centration reached 65% to afford two fractions, i.e., precipi-
tate fraction and a 65% chloroform soluble fraction.

The precipitate (16 g) was dissolved in distilled water
and subjected to column chromatography on macro-por-
ous resin (2.5 · 30 cm) which was eluted with H2O
(600 mL) followed by EtOH–H2O (4:6) (600 mL) to give
two fractions: water eluate and EtOH–H2O (4:6) eluate.
The water eluate mainly contained polysaccharides, with
no secoiridoid detected by HPLC analysis. The EtOH–
H2O (4:6) eluate was subjected to semi-preparative HPLC
with a mobile phase of CH3OH:H2O = 25:75. The peaks
at 10.4, 12.8, 14.6 and 19.2 min were collected and con-
densed by rotary evaporator to afford compounds 2

(25 mg), 3 (20 mg), 4 (16 mg) and 5 (120 mg).
The 65% chloroform solubles were submitted to an iso-

lation procedure as described for the precipitate fraction,
except that the EtOH concentration for the column chro-
matography was changed to 60% and the mobile phase
for the semi-preparative HPLC was changed to methanol:
H2O = 30:70. The peaks at 15.2 and 17.4 min were col-
lected to afford compounds 6 (15 mg) and 1 (14.8 mg).

Gentiotrifloroside (1): Colorless powder, formula
C29H36O17, ½a�20D � 109:5

�
(c 0.5, CH3OH); online UV

(CH3CN–H2O) kmax 212, 247 and 318 nm, ESMS m/z:
655 [M � H]�, 493 [M � H-glucosyl]�, negative HRFA-
BMS m/z [M � H]� 655.1886 (calculated 655.1874). For
1H and 13C NMR spectroscopic data, see Table 2.

Liberation of sweroside from compound 1. To confirm the
structure deduced from spectroscopic analyses, 1 was
deacylated with 0.5 M NaOH followed by an adjustment
of pH to 4. Sweroside was identified by HPLC based on
the comparison of retention time and online UV spectrum
with the reference compound.
3.4. Extraction and isolation of compound 7 from G.

rigescens

The dried and pulverized roots and rhizomes of G. riges-
cens (200 g) were extracted with the same methods as G

triflora to give a crude extract (20 g), which was suspended



2680 R.-W. Jiang et al. / Phytochemistry 66 (2005) 2674–2680
in distilled water and extracted with Et2O and EtOAc suc-
cessively to afford Et2O (1.0 g), EtOAc (1.0 g) and H2O sol-
uble fractions (14.2 g). Peak 7 was present in the EtOAc
subfraction by analytical HPLC, which was then subjected
to semi-preparative HPLC with the mobile phase changed
to 35:65. The peak at 12.5 min was collected to afford com-
pound 7 (20 mg).

3.5. HPLC analysis

The powdered roots (0.5 g) of G. manshurica, G. scabra,
G. triflora and G. rigescens from different origins (Table 1)
were extracted with MeOH (10 mL) under ultrasonic con-
dition. The extracted solutions were filtered through a
0.22 lm PTFE syringe filter, with an aliquot of each filtrate
(10 ll) was injected in the HPLC instrument for analysis.
Analytical HPLC was performed on a Beckman System
Gold instrument equipped with a 125 solvent module, a
168 photo diode-array detector and a 508 autosampler.
Chromatographic separation was carried out on a C18 col-
umn (250 · 4.6 mm, 5 lm; Beckman, USA), using a gradi-
ent solvent system comprised of H2O (A) and CH3CN (B).
Gradient profile: 0–22.5 min: isocratic 10% B; 22.5–25 min:
linear 10–20% of B; 25–32.5 min, isocratic 20% B; 32.5–
35 min, linear 20–10% of B; On-line UV spectra were
recorded with a diode-array detector from 200 to 400 nm.
3.6. Calibration of compounds 5 and 6

Calibration curves for compounds 5 and 6 were pre-
pared for the present study. Triplicate injections were made
at six concentrations. The linearity of each standard curve
was made by plotting the peak area versus concentration.
The equations and correlation coefficients obtained from
the linearity studies are shown as footnotes in Table 1.
3.7. Semi-preparative HPLC

Semi-preparative HPLC was also performed on a Beck-
man System Gold instrument but equipped with an Alltima
C-8 semi-preparative column (250 · 10 mm, 5 lm) using a
flow rate of 3 mL/min and a detectionwavelength at 254 nm.
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Kojić-Prodić, B., Spek, A.L., Van der Sluis, W.G., Labadie, R.P., 1985.
Structure of decentapicrin A: (�)-(4aS)-6-[30-O-(3-hydroxybenzoyl)-b-
Dglucopyranosyloxy]-5-vinyl-4,4aa,5b,6a-tetrahydro-1H,3H-pyr-
ano[3,4-c]pyran-l-one, C23H26O11. Acta Cryst. C41, 379–383.

Liu, J., Liu, Y., Klaassen, C.D., 1994. The effect of Chinese hepatopro-
tective medicines on experimental liver injury in mice. J. Ethnophar-
macol. 42, 183–191.

Liu, Z.W., Chen, C.X., Jin, R.M., Shi, G.Q., Song, C.Q., Hu, Z.B., 2002.
Studies on liver-protecting and bile secretion-promoting effects of
gentiopicroside. Zhongcaoyao 33, 47–50.

Luo, Y.H., Nie, R.L., 1993. The secoiridoids isolated from Swertia nervosa

(G. don) Wall. Ex C.B. Clarke. Acta Bot. Sin. 35, 307–310.
Ng, T.H.K., Chan, Y.W., Yu, Y.L., Chang, C.M., Ho, H.C., Leung, S.Y.,

But, P.P.H., 1991. Encephalopathy and neuropathy following inges-
tion of a Chinese herbal broth containing podophyllin. J. Neurol. Sci.
101, 107–113.

Rodriguez, S., Marston, A., Wolfender, J.L., Hostettmann, K., 1998.
Iridoids and secoiridoids in the Gentianaceae. Curr. Org. Chem. 2,
627–648.

Rojas, A., Bah, M., Rojas, J.I., Gutierrez, D.M., 2000. Smooth muscle
relaxing activity of gentiopicroside isolated from Gentiana spathacea.
Planta Med. 66, 765–767.

Struwe, L., Kadereit, J.W., Klackenberg, J., Nilsson, S., Thiv, M., Von
Hagen, K.B., Albert, V.A., 2002. Systematics, character evolution, and
biogeography of Gentianaceae, including a new tribal and subtribal
classification. In: Struwe, L., Albert, V.A. (Eds.), Gentianaceae –
Systematics and Natural History. Cambridge University Press, Cam-
bridge, New York, pp. 26–27.

Takeda, Y., Masuda, T., Honda, G., Takaishi, Y., Ito, M., Ashurmetov,
O.A., Khodzhimatov, O.K., Otsuka, H., 1999. Secoiridoid glucosides
from Gentiana olivieri. Chem. Pharm. Bull. 47, 1338–1340.

Tan, R.X., Kong, L.D., 1997. Secoiridoids from Gentiana siphonantha.
Phytochemistry 46, 1035–1038.

Tan, R.X., Wolfender, J.L., Ma, W.G., Zhang, L.X., Hostettmann, K.,
1996. Secoiridoids and antifungal aromatic acid from Gentiana algida.
Phytochemistry 41, 111–116.

Tang, H.Q., Tan, R.X., 1997. Glycosides from Gentiana scabra. Planta
Med. 63, 388.


	Isolation of iridoid and secoiridoid glycosides and comparative study on Radix gentianae and related adulterants by HPLC analysis
	Introduction
	Results and discussion
	Experimental
	General
	Plant material
	Extraction and isolation of compounds 1 ndash 6 from G. triflora
	Extraction and isolation of compound 7 from G. rigescens
	HPLC analysis
	Calibration of compounds 5 and 6
	Semi-preparative HPLC

	Acknowledgements
	References


