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Variation of active constituents of an important Tibet folk medicine
Swertia mussotiiFranch. (Gentianaceae) between artificially
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Abstract

Concentrations of seven phytochemical constituents (swertiamarin, mangiferin, swertisin, oleanolic acid, 1,5,8-trihydroxy-3-
methoxyxanthone, 1,8-dihydroxy-3,7-dimethoxyxanthone and 1,8-dihydroxy-3,5-dimethoxyxanthone) of “ZangYinChen” (Swertia mussotii,
a opulations
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herb used in Tibetan folk medicine) were determined and compared in plants collected from naturally distributed high-altitude p
nd counterparts that had been artificially cultivated at low altitudes. Levels of mangiferin, the most abundant active compound in
ere significantly lower in cultivated samples and showed a negative correlation with altitude. The other constituents were neithe
or negatively correlated with cultivation at low altitude. Concentrations of all of the constituents varied substantially with growth s
ere highest at the bud stage in the cultivars, but there were no distinct differences between flowering and fruiting stages in this r
2005 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

Swertia mussotiiFranch. is a biennial herb of the fam-
ly Gentianaceae that has been widely used for a long time
n Tibetan folk medicine, under the name “ZangYinChen”,
o treat various conditions, including gall and liver disorders
Yang, 1991). Recent investigations have revealed that its
ajor phytochemical constituents are mangiferin, swertia-
arin, swertisin, oleanolic acid and three xanthones (Fig. 1)

Ding and Sun, 1980; Sun and Ding, 1981; Sun et al.,
991). These active constituents, especially mangiferin, have
een found separately or collectively to have hepatoprotec-

ive (Liu et al., 1993; Komatsu et al., 1997), hypoglycemic
Song, 1986), anti-inflammatory (Banerjee et al., 2000), an-
ioxidative (Ashida et al., 1994), antitubercular (Ghosal and
haudhuri, 1975; Bian et al., 1998) and antifungal activities
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E-mail address:ljqdxy@public.xn.qh.cn (J. Liu).

(Rodriguez et al., 1995), together with various other pha
macological properties (Rafatullah et al., 1993; Singha et a
1993; Ji, 1995).

This species is strictly restricted to the high alpine la
of the Tibetan Plateau, at altitudes ranging between 320
3800 m (Ho, 1988). The natural resources ofSwertia mussot
have been declining in recent years because increasing
bers of flowering plants of the species have been harv
across its entire distribution, without leaving sufficient se
to maintain its populations (Yang, 1991). This species ha
now been listed as endangered by the local governmen
further harvesting has been prohibited in some parts o
natural distribution (Liu et al., 2001). However, the specie
has been successfully cultivated in agricultural areas a
altitude using a recently developed technique to break
dormancy (Yang and Liu, 2005).

The purpose of this paper is to compare statistically
concentration of seven active constituents inSwertia mussot
using materials collected from natural, high-altitude pop
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Fig. 1. Chemical structures of the active constituents (one to seven) quanti-
fied in this study.

tions and plants that were cultivated at low altitudes. This
evaluation was undertaken to determine whether the accu-
mulation of these compounds is affected by artificial culti-
vation at low altitude and assess the potential value of these
cultivated plants. Traditionally, harvestingSwertia mussotii
at the flowering stage is believed to give the highest yields of
active constituents (Yang, 1991), but the variations of these
constituents with growth conditions remains unknown. Thus,

another objective of this research was to investigate the vari-
ation of the active constituents at different growth stages, in
relation to cultivated controls.

2. Materials and methods

2.1. Materials

The geographical origin and altitude of both the culti-
vated plants and those from areas within the species’ natural
distribution are listed inTable 1. For the natural samples,
30 individuals, spaced more than 1 m apart, were randomly
collected at the fruiting stage from each of four high-altitude
localities from August to September 2002. The whole plants
were used for analyses. Voucher specimens (Yang HL
0001-0023) were authenticated by Professor Ho Tingnong
(Ho, 1988) and deposited in the herbarium at the Northwest
Plateau Institute of Biology, Chinese Academy of Sciences
(HNWP).

The seeds for cultivation were harvested from Chengduo
in late September 2000 and planted in four localities in a low-
altitude agricultural area after their dormancy had been bro-
ken in spring 2001. In summer 2001, the seeds germinated
formed rosettes and their above-ground parts died back in
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Table 1
The location and altitude ofSwertia franchetianapopulations sampled in this stu

Sample locality Altitude (m) Longitude Latit

Xining 2200 36◦36.684′ 101◦45
Nanshan 2300 36◦35.188′ 101◦11 s
Datong 2500 36◦37.177′ 101◦10
Huangzhong 2620 36◦32.211′ 101◦25
Jiangda 3240 31◦35.362′ 98◦23.
Yushu 3520 32◦15.402′ 96◦56.
Nangqian 3600 32◦25.347′ 96◦24.
Chengduo 3660 33◦19.979′ 98◦52.
inter. In April 2002, individuals re-emerged, formed bud
uly, flowered in August and began to set fruit in late Aug
ach individual produced more than 30 flowers. Usually

erminal flower on each cyme flowered first, but apart f
his the inflorescences did not appear to follow any pa
lar flowering sequence. In order to analyze the correla
if any) between the concentrations of the active constitu
nd growth stages, cultivated samples from Nanshan
ollected representing five stages: the rosette stage in A
001, the bud stage in June 2002, the flowering stage in

he post-flowering stage in early August 2002 and the f
ng stage in late August 2002. The bud stage is defined a
ime when half of the buds have appeared. The samples
owering stage were collected when more than 50% o
lants’ flowers had flowered. We collected individuals in
ost-flowering stage when more than 70% of their flow
ad been pollinated, but no fruit had matured. For frui
amples, we collected individuals where more than 70
he fruits had matured and the top fruit had opened an

dy

ude Patterns Growth stages

.009′ Fruiting

.290′ Artificially cultivated Different growth stage

.950′ Fruiting

.150′ Fruiting
090′ Fruiting
703′ Naturally distributed Fruiting
370′ Fruiting
139′ Fruiting



H. Yang et al. / Journal of Ethnopharmacology 98 (2005) 31–35 33

leased seeds. The remaining samples from natural localities
and the other two cultivation localities were sampled at the
fruiting stage. From each population or collection, we ran-
domly chose 30 individuals that were spaced more than 1 m
apart. The collected individuals were air-dried and the whole
plants were cut and mixed for analyses.

2.2. Analytical methods

All analyses were repeated at least four times, using meth-
ods suggested byDemizu et al. (1986)andMenkovíc et al.
(2000a,b). The compounds were extracted in two batches,
from equal amounts of material. The optimized methods
suggested byDing and Sun (1980)by using 70% methanol
were used to extract swertiamarin, mangiferin and swertisin,
and those optimized processes suggested bySun and Ding
(1981)by using 100%ethanol to extract oleanolic acid and
the three xanthones. All extracts were analyzed using an
HPLC chromatograph (Waters 600E) equipped with an ul-
traviolet detector (Waters 486) and a Phenomenex kromasil
C18, 5�m, 250 mm× 4.60 mm column. The HPLC proto-
col developed for analyzing the bitter-tasting swertiamarin,
flavonoids (swertisin) and xanthones byDemizu et al. (1986)
was adopted. Chemical structures of seven compounds are
depicted inFig. 1. Five different HPLC runs were used to
m chro-
m re
m for
s for
o same

F marin
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m 1,8-
d

proportion mobile phase run is used to measure one com-
pound in sample for once time, next mobile phase began after
one over at different time. Swertiamarin and mangiferin did
not run one time, with the same concentration mobile phase
because of much different contents in one sample. We diluted
the same sample of 10% for measuring mangiferin.

Standards for all seven compounds were isolated and pu-
rified in previous studies (Ding and Sun, 1980; Sun and Ding,
1981; Sun et al., 1991). To calculate the concentrations of the
seven compounds present in the samples, the previously sep-
arated standards were weighed, dissolved in 1 ml of methanol
or ethanol and diluted to give a series of concentration (0.1,
0.2, 0.3, 0.4 and 0.5 mg/ml). Three injections were performed
for each dilution. Concentrations were determined by inject-
ing 10�l of the standard solutions or sample extracts at a flow
rate of 1 ml/min at room temperature. The absorbance peaks
of the compounds were at 227 nm for swertiamarin, 220 nm
for oleanolic acid (Wang, 1994) and 254 nm for mangiferin,
swertisin and the three xanthones. A standard curve was gen-
erated for each compound using linear least-square regression
equations derived from the resulting peak areas.

2.3. Statistics

All statistical analyses were performed using Microsoft
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easure these compounds, respectively. Typical HPLC
atograms were given inFig. 2. The mobile phases we
ethanol and water in the following proportions: 32:68

wertiamarin and mangiferin; 45:55 for swertisin; 96:4
leanolic acid and 78:22 for the three xanthones. The

ig. 2. The typical chromatogram of the seven compounds swertia
1), mangiferin (2), swertisin (3), oleanolic acid (4), 1,5,8-trihydroxy
ethoxyxanthone (5), 1,8-dihydroxy-3,7-dimethoxyxanthone (6) and

ihydroxy-3,5-dimethoxyxanthone (7). t ions
xcel 2000 or the SPSS 10.0 for Windows software p
ge. The mean values obtained in the different groups
ompared by one-way ANOVA, post hoc LSD andt-tests
ssuming that differences between means were signi
t probability levels <0.05. Simple linear correlation anal
as used to obtain indications of the correlations and stre
f the relationships between pairs of variables.

. Results

Table 2 shows the concentrations of the seven ac
onstituents: swertiamarin (1), mangiferin (2), swert
3), oleanolic acid (4), 1,5,8-trihydroxy-3-methoxyxanth
5), 1,8-dihydroxy-3,7-dimethoxyxanthone (6) and 1
ihydroxy-3,5-dimethoxy-xanthone (7); found in the f
atural populations and four cultivated collections at

ruiting stage. Levels of two of the most abundant and
ortant constituents, mangiferin and oleanolic acid, w

ound to vary significantly among the four natural populati
P< 0.001) and the former showed a negative correlation
ltitude (Table 3). No distinct difference was detected for
emaining constituents among populations (P> 0.05). How-
ver, all of the constituents were found to vary greatly am
he four cultivation localities (P< 0.001), except for swerti
arin (P> 0.05).
The comparative analyses of active constituents a

ruiting stage showed that levels of mangiferin, the m
bundant of the active constituents inSwertia mussotii, were
ignificantly lower in the plants cultivated at low altitu
han in the plants from the natural, high-altitude populat
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Table 2
Concentrations of swertiamarin (1), mangiferin (2), swertisin (3), oleanolic acid (4), 1,5,8-trihydroxy-3-methoxyxanthone (5), 1,8-dihydroxy-3,7-
dimethoxyxanthone (6) and 1,8-dihydroxy-3,5-dimethoxyxanthone (7) at the fruiting stage from four artificial cultivated samples and four naturalpopulations

Xining (mg/g) Nanshan (mg/g) Datong (mg/g) Huangzhong (mg/g) Jiangda (mg/g) Yushu (mg/g) Chengduo (mg/g) Nangqian (mg/g)

1 1.52± 0.17 1.80± 0.63 1.52± 0.54 1.67± 0.59 1.56± 0.42 1.73± 0.37 1.98± 0.56 1.72± 0.62
2 15.10± 0.54 23.38± 0.53 18.08± 0.69 15.46± 1.48 21.54± 0.28 31.25± 7.03 44.21± 3.72 33.07± 0.70
3 0.76± 0.05 0.21± 0.03 0.17± 0.05 0.49± 0.22 0.97± 0.63 0.41± 0.20 0.71± 0.61 0.38± 0.05
4 3.09± 0.25 2.53± 0.06 2.49± 0.30 3.07± 0.30 5.03± 0.27 1.94± 0.66 2.56± 0.68 2.88± 0.30
5 1.57± 0.01 1.84± 0.25 0.78± 0.05 0.69± 0.12 7.17± 2.47 1.95± 0.49 1.93± 1.36 1.39± 0.02
6 0.95± 0.03 0.52± 0.04 0.61± 0.01 0.93± 0.05 0.08± 0.26 0.21± 0.01 0.23± 0.86 0.69± 0.01
7 0.25± 0.01 0.24± 0.01 0.12± 0.01 0.23± 0.01 1.63± 0.14 0.24± 0.02 0.22± 0.14 0.22± 0.01

Values are means± S.E.M. (n≥ 4).

Table 3
Matrix correlation of altitude and analyzed constituents: swertiamarin (1), mangiferin (2), swertisin (3), oleanolic acid (4), 1,5,8-trihydroxy-3-methoxyxanthone
(5), 1,8-dihydroxy-3,7-dimethoxyxanthone (6) and 1,8-dihydroxy-3,5-dimethoxyxanthone (7)

1 2 3 4 5 6 7

Altitude 0.529 0.827* 0.243 0.200 0.191 0.137 0.195
1 0.859* −0.09 0.258 −0.153 −0.070 −0.288
2 0.485 −0.338 0.850** 0.863** 0.826*

3 0.052 0.658 0.638 0.087
4 −0.077 −0.049 −0.139
5 0.987** 0.980**

6 0.945**

∗ Significant at the 0.05 probability level.

(Fig. 3). The other constituents showed neither a positive nor
a negative correlation with cultivation at the low altitude. This
finding is corroborated by the matrix correlation for all an-
alyzed parameters (Table 3), in which mangiferin shows a
negative correlation with altitude, but no correlation between
the concentration and altitude for the remaining constituents.
The concentration of mangiferin shows a positive correlation
with the production of swertiamarin, but the latter shows no
correlation with altitude. The matrix further reveals signif-
icant correlations among the three xanthones, and between
the xanthones and oleanolic acid.

Table 4shows the variation in levels of the active con-
stituents with growth stages. All constituents peaked at
the bud stage (P< 0.05 for all tests) and then decreased.
Significant differences (P< 0.05) were also found between
the flowering stage and fruiting stage in concentrations
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Table 4
Contents of swertiamarin (1), mangiferin (2), swertisin (3), oleano-
lic acid (4), 1,5,8-trihydroxy-3-methoxyxanthone (5), 1,8-dihydroxy-3,7-
dimethoxyxanthone (6) and 1,8-dihydroxy-3,5-dimethoxyxanthone (7) at
different growth stages

Rosette
stage (mg/g)

Bud stage
(mg/g)

Flowering
stage (mg/g)

Fruiting
stage (mg/g)

1 1.66± 0.12 3.63± 0.15 2.59± 0.76 1.80± 0.63
2 89.17± 3.99 144.11± 14.01 38.73± 2.39 23.38± 0.53
3 0.25± 0.18 1.04± 0.30 0.57± 0.31 0.21± 0.03
4 2.49± 0.85 3.97± 2.49 2.60± 0.92 2.53± 0.06
5 5.16± 0.93 5.90± 0.34 1.53± 0.04 3.84± 0.25
6 1.62± 0.48 3.39± 0.08 0.99± 0.03 1.52± 0.04
7 0.36± 0.31 0.25± 0.03 0.09± 0.00 0.24± 0.01

Values are means± S.E.M. (n≥ 4).

of 1,5,8-trihydroxy-3-methoxyxanthone and 1,8-dihydroxy-
3,7-dimethoxyxanthone (both higher in the latter), but not for
any of the other compounds.

4. Discussion

For most plants used in herbal medicines, e.g., rhubarb
(Iizuka et al., 2004) the concentration of the active com-
ponents has been found to vary greatly among plants from
different origins. Therefore, before attempting to cultivate
Swertia mussotiifor medicinal purposes at low altitude, it is
essential to compare concentrations of its active constituents
in cultivated plants and samples from natural, high-altitude
populations. Our study demonstrated that concentrations of
mangiferin, the most abundant of the active constituents in
Swertia mussotii, were distinctly lower in the plants cultivated
ig. 3. Mean levels of swertiamarin (1), mangiferin (2), swertisin
leanolic acid (4), 1,5,8-trihydroxy-3-methoxyxanthone (5), 1,8-dihydr
,7-dimethoxyxanthone (6) and 1,8-dihydroxy-3,5-dimethoxyxanthon

n four cultivated samples (black bars) and four natural populations
ars). S.E.M. values (not shown for clarity), were all≤10% of the mean
≥ 4. * Significant at the 0.05 probability level.
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in the low-altitude habitats. However, this habitat-related shift
is consistent with the substantial variation found in levels
of mangiferin among the different natural populations. In
contrast, other constituents, such as the xanthones, which
show less variation among natural populations, were found
to change less. Our results indicate that the quality of both
cultivated and naturally collectedSwertia mussotiishould be
carefully monitored when using it to make the related folk
medicines. Because of the distinct decrease in mangiferin,
the cultivatedSwertia mussotiiis likely to be less effective
than those from natural populations.

Swertia mussotiihas traditionally been harvested to make
the folk medicine derived from it at the flowering stage (Yang,
1991). However, we found that the active constituents peaked
at the bud stage in the early summer, rather than the flowering
or fruiting stages in August or September. This is in marked
contrast to roots ofRadix astragali, in which concentrations
of the major active constituents peak (and they are best col-
lected) in September to October (Ma et al., 2002). However,
the phenology of the detected variations in constituents in
Swertia mussotiiiis similar to that of reported changes in
quercetin levels inApocynum venetumandPoacynum hen-
dersonii. The content of quercetin in the leaves increases sig-
nificantly during vegetative growth of the plants and peaks in
the summer when they blossom (Ma et al., 2003). The devel-
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