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RESEARCH ARTICLE Open Access

Comparison of the chemical profiles and
inflammatory mediator-inhibitory effects of
three Siegesbeckia herbs used as Herba
Siegesbeckiae (Xixiancao)
Hui Guo1†, Yi Zhang1†, Brian Chi-Yan Cheng1, Mei-Yuk Lau1, Xiu-Qiong Fu1, Ting Li1, Tao Su1, Pei-Li Zhu1,
Yuen-Cheung Chan1, Anfernee Kai-Wing Tse1, Tao Yi1, Hu-Biao Chen1 and Zhi-Ling Yu1,2,3*

Abstract

Background: Herba Siegesbeckiae (HS, Xixiancao in Chinese) is a commonly used traditional Chinese medicinal
herb for soothing joints. In ancient materia medica books, HS is recorded to be the aerial part of Siegesbeckia
pubescens Makino (SP) which is also the only origin of HS in the 1963 edition of the Chinese Pharmacopeia (ChP).
The aerial parts of Siegesbeckia orientalis L. (SO) and Siegesbeckia glabrescens Makino (SG) have been included as two
additional origins for HS in each edition of ChP since 1977. However, chemical and pharmacological comparisons
among these three species have not been conducted.

Methods: An HPLC with diode array detector (HPLC-DAD) method combined with similarity analysis, hierarchical
cluster analysis (HCA) and principal component analysis (PCA) was developed for comparing the fingerprint
chromatograms of the three species. The inhibitory effects of the three species on NO production and IL-6
secretion in LPS-stimulated RAW264.7 macrophages were compared.

Results: Fingerprint chromatograms of the three species showed different profiles, but had 13 common peaks.
Results from HCA and PCA of the common peaks demonstrated that all 14 herbal samples of the three species
tended to be grouped and separated species dependently. The extents of inhibition on NO production and IL-6
secretion of the three species were different, with SG being the most and SP the least potent.

Conclusions: Both chemical profiles and inflammatory mediator-inhibitory effects of the three species were
different. These findings provide a chemical and pharmacological basis for determining whether the three species
can all serve as the origins of HS.

Keywords: Herba Siegesbeckiae, Siegesbeckia pubescens, Siegesbeckia orientalis, Siegesbeckia glabrescens, Comparison,
Chemical profiles, Inflammatory mediator

Background
Chinese medicines (CMs) have been widely used for
thousands of years in many Asian countries, such as
China, Korea, Japan, etc. However, CMs have not been
universally accepted due to insufficient safety and

efficacy evidence to meet the modern standards world-
wide [1–3]. Some CMs even have more than one natural
origin. Herba Siegesbeckiae (HS, Xixiancao in Chinese)
is one of the widely used CMs and prescribed by Chinese
doctors to treat inflammatory joint diseases such as
arthritis and rheumatoid arthritis (RA) [4–7]. In the
1963 edition of the Chinese Pharmacopeia (ChP), only
the aerial part of Siegesbeckia pubescens Makino (SP)
was recorded to be the origin of HS, which was consist-
ent with the species used in ancient time [8]. While, two
more Siegesbeckia species, Siegesbeckia orientalis L. (SO)
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and Siegesbeckia glabrescens Makino (SG) have been in-
cluded as additional origins for HS in each edition of
ChP since 1977 for expanding herb material sources.
Previous chemical and pharmacological studies about
HS mainly focused on individual species [9–13]. To our
knowledge, very little effort has been made to investigate
the chemical and pharmacological differences among
these three species, although people questioned whether
the three species can all be the origins of HS. In the
present study, the chemical profiles and the inflamma-
tory mediator-inhibitory effects of the three Siegesbeckia
species were compared.

Methods
Reagents and materials
Lipopolysaccharide (LPS) from Escherichia coli O55:B5,
dimethyl sulphoxide (DMSO), 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) and Griess
reagent were obtained from Sigma Chemicals Ltd. (St.
Louis, MO, USA). Penicillin, streptomycin, Dulbecco’s
Modified Eagle Medium (DMEM) and foetal bovine
serum (FBS) were purchased from Hyclone (Logan, UT,
USA). Acetonitrile (ACN, HPLC grade) and phosphoric
acid (PA) were obtained from RCI Labscan Limited
(Thailand). A Milli-Q system (Millipore, MA, USA) was
used to prepare purified water for HPLC analysis. Ana-
lytical grade methanol and ethanol (absolute) from
Merck (Darmstadt, Germany) were used for sample
preparation. Other materials used in bioassays were
from Life Technologies Inc. (GIBICO, USA).

Herbal material preparation
Plants of the genus Siegesbeckia (Compositae) are annual
herbs widely distributed in China [14, 15]. Fourteen

batches of raw HS were collected from different geo-
graphical regions of China from June 4 to June 15 in the
same year (Table 1). All batches were authenticated by
Professor Hubiao Chen from HKBU. Voucher specimens
were deposited at the School of Chinese Medicine,
HKBU. The collected samples were cleaned and dried in
a hot air oven at 45 °C for 12 h. The dried samples were
grounded to a fine powder and passed through 60 sieve
mesh and stored in airtight containers until use.
To prepare extracts for HPLC analyses, each herb

powder (0.3 g) was accurately weighed and added to 10
mL methanol. The mixture was precisely weighed and
then sonicated for 60 min (CREST 1875HTAG ultrasoni-
cator, U.S.A.). After the mixture cooled to the room
temperature, methanol was added to compensate for the
lost weight during the extraction, and then the extract
was filtered with a syringe filter (0.45 μm, Millipore).
The filtrate (10 μL) was injected for HPLC analysis.
To prepare extracts for bioassays, three herbal samples

with the highest degree of similarity, in similarity ana-
lyses, from each species were selected as the representa-
tives of SO, SP and SG. HS is traditionally used in the
forms of decoction (extraction using water) and pill
made from herb powder. Its bioactive components may
comprise polar and/or nonpolar compounds. Thus, three
extracts were prepared from each representative sample
by using three different solvents (water, 50 and 95%
ethanol). Each accurately weighed sample (10 g) was
immersed in the solvent at a sample/solvent ratio of 1:10
(w/v) for 1 h, and then refluxed three times for 1 h each
time. The extracts were filtered and combined after
cooling; and the filtrate and washings were combined
and then concentrated by rotary evaporation under re-
duced pressure to remove the solvent. The concentrated

Table 1 Herbal sample information

No. Species Sources (Geographical location) GPS coordinates Collection time Deposition numbers

1 S. pubescens Shenyang, Liaoning E: 123.43° N: 41.81° 2013–6-14 SP-1

2 S. pubescens Changchun, Jilin E: 125.33° N: 43.82° 2013–6-15 SP-2

3 S. pubescens Tonghua, Jilin E: 125.94° N: 41.73° 2013–6-15 SP-3

4 S. pubescens Chengde Hebei E: 117.96° N: 40.95° 2013–6-8 SP-4

5 S. pubescens Zunhua, Hebei E: 117.97° N: 40.19° 2013–6-8 SP-5

6 S. pubescens Nanning, Guangxi E: 108.37° N: 22.82° 2013–6-4 SP-6

7 S. orientalis Changde,Hunan E: 111.70° N: 29.03° 2013–6-7 SO-1

8 S. orientalis Anguo, Hebei E: 115.33° N: 38.42° 2013–6-7 SO-2

9 S. orientalis Cangzhou, Hebei E: 116.84° N: 38.31° 2013–6-8 SO-3

10 S. orientalis Changchun, Jilin E: 125.33° N: 43.82° 2013–6-15 SO-4

11 S. glabrescens Jinhua, Zhejiang E: 119.65° N: 29.08° 2013–6-6 SG-1

12 S. glabrescens Lishui, Zhejiang E: 119.92° N: 28.47° 2013–6-6 SG-2

13 S. glabrescens Nanchang, Jiangxi E: 115.86° N: 28.68° 2013–6-5 SG-3

14 S. glabrescens Guangzhou, Guangdong E: 113.27° N: 23.13° 2013–6-4 SG-4
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extracts were rapidly frozen at − 80 °C, and then dried in
a freeze-dryer (Virtis freeze mobile, Virtis Co., Gardiner,
USA). For the water extraction, the yields of SO, SP, and
SG were 19.68, 16.37 and 17.29%, respectively. For the
50% ethanol extraction, the yields of SO, SP, and SG
were 14.43, 11.25 and 12.12%, respectively. For the 95%
ethanol extraction, the yields of SO, SP, and SG were 7.
53, 5.19 and 5.24%, respectively. The extracts were
stored at 4 °C until further use.

HPLC analysis
HPLC fingerprint analysis was conducted on an Agilent
1260 series HPLC-DAD system including binary pump
(G1312B), vacuum degasser (G1322A), autosampler
(G1329B), column compartment (G1316A) and diode
array detector (G4212A). All separations were performed
on an Alltima™ C-18 analytical column (250 mm × 4.
6 mm I.D., 5 μm) and protected with an Alltima C-18
guard-column (12.5 mm × 4.6 mm I.D., 5 μm). A linear
gradient system consisted of A (0.1% PA aqueous solu-
tion: PA, analytical grade, RCI Labscan Limited) and B
(ACN, HPLC grade, RCI Labscan Limited). The gradient
elution profile was as follows: 0–5 min, 2% B; 5–25 min,
2–20% B; 25–45 min, 20–25% B; 45–60 min, 25–40% B;
60–80 min, 40–70% B; 80–90 min, 70–90% B; 90–
100 min, 90% B. Each run was followed by an equilibra-
tion period of 15 min. The flow rate was maintained at
1.0 mL/min and the column temperature was set at 30 °
C. The Chromatograms were monitored with the DAD
detector at a wavelength of 215 nm. 10 μL per sample
was injected for analysis.

Method validation
The developed HPLC method was validated by testing
precision, repeatability and stability. The relative stand-
ard deviation (RSD) of six repeated runs of one sample
was used to evaluate the precision. To test the repeat-
ability of the method, six replicate samples prepared in-
dependently were injected for HPLC analyses. For the
stability test, a sample was analyzed 0, 12, 24, 36 and
48 h after the completion of sample preparation.

Chemometric methods
(1) Similarity analysis (SA). Similarity analysis was per-
formed to determine the degree of similarity or dissimi-
larity of chromatograms using the software named
Similarity Evaluation System for Chromatographic Fin-
gerprint of TCM (Version 2004A; National Committee
of Pharmacopoeia, China). A simulative median chro-
matogram (SMC) was generated by this software as a
representative reference chromatogram (RC) for all or
designated samples. Then, similarity value of the chro-
matogram of each sample was calculated against RC via
the same software. Peaks existing in all sample

chromatograms were assigned as common peaks. In the
chromatograms, thirteen characteristic common peaks
were selected and marked; and the peak of kirenol was
designated as the reference peak. (2) Hierarchical clus-
tering analysis (HCA). The SPSS software (SPSS for
Windows 11.5, SPSS Inc., USA) was utilized to perform
the hierarchical clustering analysis of the common peaks
of samples 1–14. Specific method (average linkage be-
tween groups) and measurement (Pearson correlation)
in the software were selected to run the analysis. (3)
Principal component analysis (PCA). To evaluate
whether the fingerprint profiles can effectively distin-
guish HS from different species, PCA (a typical explora-
tory analysis), using the software SIMCA 13 (Umetrics,
Sweden), was chosen to monitor the outline of all data
in multivariate analyses. In this study, the score plot was
defined by the interrelation between the first three prin-
cipal components for visualisation of the data matrix.

Macrophage cell culture
The murine macrophage cell line RAW267.4 was ob-
tained from the American Type Culture Collection
(Manassa, VA, USA) and maintained in DMEM medium
supplemented with 5% heat-inactivated FBS and 1% anti-
biotics of penicillin/streptomycin at 37 °C under 5%
CO2.

Cell viability assay
Cell viability was evaluated using the MTT assay.
RAW264.7 cells were seeded on 96-well plates (5 × 103

cells/well) for 24 h. The cells were treated with indicated
concentrations of an extract for 1 h, and then treated at
the presence or absence of LPS (100 ng/mL) for 24 h.
After that, the medium was then discarded and the cells
were incubated with the MTT solution (0.5 mg/mL) for
another 3 h. The supernatant was then removed and the
remaining formazan crystals were dissolved in 100 μL
DMSO. The optical density was measured at 570 nm
using a microplate spectrophotometer [16].

Determination of nitric oxide (NO) production
The RAW264.7 cells were seeded on 24-well culture
plates (2 × 105 cells/well) for 24 h. Various concentrations
of each extract were prepared. After 1 h pre-treatment
with indicated concentrations of an extract, the cells were
then treated with or without LPS (100 ng/mL) for another
24 h. NO production was determined by measuring the
accumulated nitrite in the culture medium with Griess
reagent [6]. Absorbance at 540 nm was measured using a
microplate spectrophotometer (BD, Bioscience USA). The
EC50 value (the concentration at which NO production
was inhibited by 50%) was determined with the curve-
fitting software GraphPad Prism 5.0 (GraphPad Software,
San Diego, CA).
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Fig. 1 (See legend on next page.)
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Enzyme-linked immunosorbent assay (ELISA)
ELISA kit purchased from Invitrogen (Carlsbad, CA,
USA) was used to determine IL-6 production in the cul-
ture medium. RAW 264.7 macrophages were treated as
described in the above section. The determination of IL-
6 in the medium was conducted following the manufac-
turer’s instructions [17].

Statistical analysis
Results of bioassays were presented as mean ± SD. Stat-
istical significance was determined using one-way
ANOVA followed by Tukey’s multiple comparisons test
using GraphPad Prism 5.0. p < 0.05 was considered to be
statistically significant.

Results
HPLC method development
Sample pretreatment conditions were first optimized by
investigating the effect of extracting solvents on extrac-
tion efficiencies for chromatographic peaks. Different HS
extracts were prepared using various extracting solvents
including methanol, ethanol, 50% methanol, 50% ethanol
and water. Results showed that HS extracted using
methanol exhibited the largest number of chromato-
graphic peaks and the largest peak area (data not shown),
therefore methanol was chosen as the extracting solvent

in this study. Two sample extracting methods, ultrasonic
extraction and reflux extraction were then compared.
Comparable HPLC peak numbers and intensities were
achieved with the two methods. Ultrasonic extraction,
which is easier for operation, was adopted as the extrac-
tion method in the experiment. Besides, extraction dura-
tions (including 15, 30, 60 and 120 min) under
ultrasonication were also investigated. Results showed that
60 min was sufficient for ideal extraction.

(See figure on previous page.)
Fig. 1 Results of chemical profiles. a Overlaid HPLC chromatograms of samples 1–14. b Simulative median chromatograms (SMC) for each
species. Sa, SMC for all SO samples; Sb, SMC for all SP samples; Sc, SMC for all SG samples. The peaks marked with 1–13 in the SMCs were the
common peaks for all 14 samples, and peaks marked with letters were the unique peaks for individual species or unique ones in two of the
three species

Table 2 Results of similarities

Species No. Similaritiesa Similaritiesb

SP 1 0.980 0.975

2 0.985 0.943

3 0.977 0.939

4 0.985 0.973

5 0.980 0.949

6 0.954 0.932

SO 7 0.995 0.980

8 0.986 0.969

9 0.955 0.963

10 0.986 0.967

SG 11 0.994 0.794

12 0.959 0.687

13 0.982 0.738

14 0.994 0.754
aRC for each species (SP, SO and SG) was used in the similarity calculation
bRC for all 14 samples was used in the similarity calculation

Fig. 2 Chemometric analyses of common peaks’ intensities of
samples 1–14. a Results of hierarchical clustering analysis. b Results
of principal component analysis. The green, blue and red balls
represent SP, SO and SG, respectively
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Optimization of HPLC condition was done through
investigating the influence of the mobile phase and
detection wavelength. Results showed that acetonitrile
with 0.1% (v/v) phosphoric acid had the best peak
shapes and baseline resolution. In order to obtain a
sufficiently large number of detectable peaks on
HPLC chromatogram, the detection wavelength was
selected by a DAD full wavelength scan (190–
400 nm); and 215 nm was selected as detection wave-
length. The final method was described in details in
the Methods section.

Method validation
Diterpenoids are reported to be the major bioactive
components of HS [15, 16]. Kirenol, a diterpenoid, is the
chemical marker for the quality control of HS in ChP.

Thus, Peak 6 (kirenol) at retention time 54.3 min with a
moderate retention time and peak area was chosen as
the reference peak for fingerprint calculation. The rela-
tive retention time (RRT) and relative peak area (RPA)
generated with respect to the reference peak were used
to distinguish peaks and assess the consistency of peaks’
intensities in chromatograms, respectively.
For the HPLC method validation, the RSD of the RRT

and RPA of each common peak were used as the ap-
praise indexes. In repeatability tests, RSD values for RRT
and RPA were ≤ 1.95 and 1.21%, respectively, indicating
high reproducibility of the method. In stability tests,
RSD values were ≤ 1.75 and 0.97% for RRT and RPA, re-
spectively, indicating that the sample solution was stable
within 48 h. In precision tests, RSD values were ≤ 1.03%
for RPT and 0.85% for RRA, indicating that the method

Fig. 3 Effects of HS extracts (SO, SP and SG) on the viability of RAW 264.7 macrophages. a Water extracts; b 50% ethanol extracts; c 95% ethanol
extracts. The cells were incubated with the indicated concentrations of HS extracts for 24 h with (right panel) or without LPS (left panel). Cell
viability was determined by the MTT assay. Results were expressed as the percentage against respective control
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was reliable. These data suggest that the HPLC method
is suitable for analysis of HS samples.

HPLC fingerprint chromatograms of SO, SP and SG
To compare chemical profiles of the three species, the
validated HPLC method was used to obtain chromato-
grams for all the 14 collected samples. Results were
shown in Fig. 1a. The 14 obtained chromatograms were
compared using the similarity evaluation software, and
the values of similarity were calculated (Table 2). When

the SMC for samples of the same species was used as RC
(default similarity value = 1.000), similarity values of corre-
sponding samples were all more than 0.950 (Table 2 Simi-
laritiesa Column), indicating the consistence in chemical
profiles of samples from the same species. When SMC for
all 14 samples were used as RC (Table 2 Similaritiesb

Column), the similarity of SP and SO samples posed
relatively high values of 0.932 to 0.980; while, SG samples
demonstrated relatively low values (less than 0.8),
suggesting that the chemical profiles of SP and SO were

Fig. 4 Bioactivity comparison results of SO, SP and SG. a Effects of water extracts on NO production. b Effects of 50% ethanol extracts on NO
production. c Effects of 95% ethanol extracts on NO production. RAW 264.7 cells were treated with various concentrations of individual extract for
1 h and then stimulated with 100 ng/mL LPS for 24 h. NO production was indicated by the level of nitrite in the supernatant measured with the
Griess reagent. Inhibition rate (%) of an extract was calculated against LPS alone-treated cells. EC50 was calculated using the curve-fitting software
GraphPad Prism 5.0. d Summary of EC50 values shown in (a), (b) and (c). Data are shown as mean ± SD from tree independent experiments.
#p < 0.05, *p < 0.01
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similar, while distinct from that of SG. Samples 1, 7 and
11, which showed the maximum value of similarity in
each species were selected as the representative samples
for SO, SP and SG, respectively. Extracts of these three
samples were used for bioassays.
The SMCs of the three species were shown in Fig. 1b.

They were similar to each other; but there were virtually
unmatched peaks, indicating the difference among spe-
cies. The similarity among the three species was demon-
strated by 13 common peaks in the SMCs. As for the
difference, peaks d and h presented solely in SO sam-
ples, peak c was unique to SG samples, peaks a and b
were only in SO and SG samples, and peaks e, f and g
could only be found in SO and SP samples.

Chemometric analyses
Hierarchical cluster analysis (Fig. 2a) of the 13 common
peaks showed that all the 14 herbal samples were clearly
grouped into three categories which were consistent
with their classifications of species. For the PCA analyses
(Fig. 2b), initial eigenvalues were obtained using the
SIMCA software. The cumulative percent variance
(CPV) of the first three principal variables was calculated
as 81.8% which meets the requirements of CPV (more
than 70~ 85%) for PCA analysis [18–20]. The PCA
results were shown in a three-dimensional (3D) score
plot. In the graphic, it was evident that the samples were
grouped species dependently.

Bioassays for the representative samples for SO, SP and
SG
Three extracts were prepared from each representative
sample by using three different solvents (water, 50 and
95% ethanol). To determine the sub-cytotoxic concen-
trations of the three representative samples, MTT assays
were conducted. In the presence or absence of 100 ng/

mL of LPS, the viability of RAW264.7 cells remained un-
affected (≥ 90% viability) after a 24-h incubation with up
to 500 μg/mL of each water extract (Fig. 3a), 100 μg/mL
of each 50% ethanol extract (Fig. 3b) and 40 μg/mL of
each 95% ethanol extract (Fig. 3c). EC50 values of water
extracts of SO, SP and SG were 0.86, 1.41, 0.77 mg
herb/mL (calculated based on the yield of each extract),
respectively (Fig. 4a). EC50 values of 50% ethanol extract-
ing samples were 0.25, 0.42, 0.17 mg herb/mL for SO,
SP and SG, respectively (Fig. 4b). EC50 values of 95%
ethanol extracts of SO, SP and SG were 0.37, 0.70, 0.
36 mg herb/mL, respectively (Fig. 4c). To neatly illus-
trate the potency of the extracts prepared using different
solvents, the EC50 values were rearranged and shown in
Fig. 4d. The extract prepared with 50% ethanol showed
the most potent inhibitory effect on NO production; and
the water extract showed the least potent inhibitory ef-
fect. In every solvent prepared extracts for different spe-
cies, EC50 value of SG was the lowest, and SP the
highest, suggesting that SG had the most and SP the
least potent inhibitory effect on NO production. We fur-
ther investigated the effects of 50% ethanol extracts of
the three species on the production of pro-inflammatory
cytokines NO and IL-6 in LPS-stimulated RAW264.7
cells. Stimulation with LPS resulted in a marked increase
in the production of NO and IL-6 when compared with
the unstimulated control. Each of the three species
concentration-dependently inhibited NO (Fig. 5a) and
IL-6 (Fig. 5b) productions; with SG being the most po-
tent, SP the least potent species.

Discussion
Currently, it is a great challenge for CMs to escalate
their role in the mainstream pharmaceutical market for
several not addressed fundamental issues such as supply,
quality control, safety and efficacy [21]. The multi-origin

Fig. 5 Dose-dependent effects of 50% ethanol HS (SO, SP and SG) extracts on production of NO and IL-6. a Effects on NO production. b Effects
on IL-6 production. Cells were treated with three concentrations (equivalent to 0.1, 0.2 and 0.4 mg herb/mL) of individual HS extract for 1 h and
then treated with 100 ng/mL LPS for another 24 h. NO production was determined as in Fig. 4. IL-6 production was determined by ELISA. Data
are shown as mean ± SD from tree independent experiments. #p < 0.05, *p < 0.01
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issue greatly affects the stability and homogeneity of CM
quality, as well as the clinical efficacy and safety.
The multi-origin Chinese medicinal herb HS was first

documented in Newly Revised Materia Medica (Xinxiu
Bencao) issued in A.D. 659 in the Tang Dynasty of
China. In ancient materia medica books, this herb was
titled various names such as Pig Pungent Weed, Dog
Pungent Weed, Tiger Pungent Weed, Huoqian, etc. Li
Shizhen, a famous traditional Chinese medicine practi-
tioner in the Ming Dynast, identified HS from other
misused herbs and recorded his findings in his book
Compendium of Materia Medica (Bencao Gangmu).
Based on Li Shizhen's morphological description of the
plant, modern botanists determined SP to be the origin
of HS [8]. The other two species SO and SG have been
included as the origins of HS without any supporting
evidence. It is still a question whether SO, SP and SG
can all be the origins of HS.
In this study, using a validated HPLC method we ana-

lyzed the chemical profiles of collected HS samples of
the three species. The unmatched peaks in SMCs of the
three species indicate differences among species. Besides
the visually different peaks of the three species, chemo-
metric analyses have demonstrated that there is species-
dependent variance in the intensities of common peaks
of the three species. Our chemical assays suggest that
the three species are chemically different.
HS is used for treating inflammatory diseases and has

anti-inflammatory pharmacological effects. Of various
pro-inflammatory mediators, NO plays an essential role
in the pathogenesis of inflammation [22, 23]. LPS, a
component of the cell walls of gram-negative bacteria, is
one of the most powerful activators of macrophages and
induces the production of pro-inflammatory mediators
including NO [24, 25]. Therefore, EC50 value for inhibit-
ing NO production in LPS-stimulated RAW 264.7 mac-
rophages was used as an index for assessing the
bioactivities of the three species. Bioassay results showed
that the inhibitory effects of the three species on inflam-
matory mediators are different; with SG being the most
potent, SP the least potent.
In addition to the anti-inflammatory action, HS pos-

sesses various bioactivities such as anticancer [26], anti-
hypertension [27], anti-thrombus [28] and anti-microbial
[29] activities. We have found that the chemical profiles
of the three species are different. It is warranted to ex-
plore which components are responsible for each of the
activities of this herb.

Conclusions
In this study, a simple and reliable HPLC method, for
the first time, was developed and validated for compari-
son of chemical profiles among three Siegesbeckia spe-
cies. We used the developed HPLC method combined

with chemometric analyses (including SA, PCA and
HCA) to obtain and analyse chemical fingerprints of HS
samples from the three species. Based on the results of
chemical analyses, representative sample for each species
was selected to conduct bioassays. We, for the first time,
found that SO, SP and SG were different in their
chemical profiles and inflammatory mediator-inhibitory
effects. This study provides a chemical and pharmaco-
logical basis for determining whether all the three species
can be equivalently used as HS. To make the decision,
further studies are needed. In addition, the bioassay
results of this work further provide pharmacological
justification for the clinical use of HS in inflammatory
diseases.

Abbreviations
DMSO: Dimethylsulphoxide; HCA: Hierarchical cluster analysis; HPLC-
DAD: High-performance liquid chromatography with diode array detector;
HS: Herba Siegesbeckiae; IL: Inter-leukin; LPS: Lipopolysaccharide;
MTT: Methylthiazolyltetrazolium; NO: Nitric oxide; PCA: Principal component
analysis; RC: Reference chromatogram; SA: Similarity analysis; SG: Siegesbeckia
glabrescens Makino; SMC: Simulative median chromatogram; SO: Siegesbeckia
orientalis L.; SP: Siegesbeckia pubescens Makino

Funding
This study was supported by grants from Research Grants Council of Hong
Kong (GRF12125116); the Food and Health Bureau (HMRF11122521 and
HMRF14150571); National Natural Science Foundation of China (81673649);
Natural Science Foundation of Guangdong Province (2016A030313007);
Science, Technology and Innovation Commission of Shenzhen
(JCYJ20150630164505508, JCYJ20160229210327924 and
JCYJ20170817173608483) and Hong Kong Baptist University (FRG1/16-17/048
and FRG2/17–18/032).

Availability of data and materials
The datasets analyzed during the current study are available from the
corresponding author on reasonable request.

Authors’ contributions
The experiments were performed in ZLY’s laboratory. HG and YZ designed
and performed the experiments; HG drafted the manuscript; HBC
authenticated the collected herbal samples; BCYC and KWT revised the
manuscript; MYL, XQF, TL and TS analyzed data; ZLY, PLZ, CYC and TY
interpreted experimental results; ZLY conceived this study and finalized the
manuscript. All authors have read and approved the final manuscript.

Ethics approval and consent to participate
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Centre for Cancer and Inflammation Research, School of Chinese Medicine,
Hong Kong Baptist University, Kowloon Tong, Hong Kong, SAR, China.
2Research and Development Centre for Natural Health Products, HKBU
Shenzhen Research Institute and Continuing Education, Shenzhen, China.
3Consun Chinese Medicines Research Centre for Renal Diseases, Hong Kong
Baptist University, Hong Kong, SAR, China.

Guo et al. BMC Complementary and Alternative Medicine  (2018) 18:141 Page 9 of 10



Received: 10 October 2017 Accepted: 17 April 2018

References
1. Dobos GJ, Tan L, Cohen MH, McIntyre M, Bauer R, Li X, Bensoussan A. Are

national quality standards for traditional Chinese herbal medicine sufficient?
Current governmental regulations for traditional Chinese herbal medicine in
certain Western countries and China as the Eastern origin country.
Complement Ther Med. 2005;13(3):183–90.

2. Guo LL, Wang J. Discuss of efficacy study to traditional Chinese medicine
complex prescription. Chin J Chin Mater Med. 2008;33(7):851–3.

3. Williamson EM, Lorenc A, Booker A, Robinson N. The rise of traditional
Chinese medicine and its materia medica: a comparison of the frequency
and safety of materials and species used in Europe and China. J
Ethnopharmacol. 2013;149(2):453–62.

4. The Pharmacopoeia Commission of the PRC. Pharmacopoeia of the
People's Republic of China. Beijing: China Medical Science and Technology
Press; 2015. p. 368.

5. Hu HH, Tang LX, Li XM. Experimental research of effect of crude and
processed Herba Siegesbeckiae on anti-inflammation and anti-rheumatism.
Chin J Chin Mater Med. 2004;29(6):542–5.

6. Su T, Yu H, Kwan HY, Ma XQ, Cao HH, Cheng CY, Leung AK, Chan CL, Li WD,
Cao H, Fong WF, Yu ZL. Comparisons of the chemical profiles, cytotoxicities
and anti-inflammatory effects of raw and rice wine-processed Herba
Siegesbeckiae. J Ethnopharmacol. 2014;156:365–9.

7. Wang J, Cai Y, Wu Y. Antiinflammatory and Analgesic activity of topical
administration of Siegesbeckia pubescens. Pak J Pharm Sci. 2008;21(2):89–91.

8. Ju MQ, Jin L, Ju MQ. Textual research of Herba Siegesbeckiae. J Chin Med
Mater. 2000;23(9):572–3.

9. Jiang Z, Yu QH, Cheng Y, Guo XJ. Simultaneous quantification of eight
major constituents in Herba Siegesbeckiae by liquid chromatography
coupled with electrospray ionization time-of-flight tandem mass
spectrometry. J Pharm Biomed Anal. 2011;55(3):452–7.

10. Kim JY, Lim HJ, Ryu JH. In vitro anti-inflammatory activity of 3-O-methyl-
flavones isolated from Siegesbeckia glabrescens. Bioorg Med Chem Lett.
2008;18(4):1511–4.

11. Liu J, Chen R, Nie Y, Feng L, Li HD, Liang JY. A new carbamate with
cytotoxic activity from the aerial parts of Siegesbeckia pubecens. Chin J Nat
Med. 2012;10(1):13–5.

12. Liu Z, Chou G, Wang Z. Determination of kirenol in Herba Siegesbeckiae
Preparata by high performance liquid chromatography. Chin J Chin Mater
Med. 2010;35(6):729–31.

13. Sun HX, Wang H. Immunosuppressive activity of the ethanol extract of
Siegesbeckia orientalis on the immune responses to ovalbumin in mice.
Chem Biodivers. 2006;3(7):754–61.

14. Wang JP, Zhou YM, Zhang YH. Kirenol production in hairy root culture of
Siegesbeckea orientalis and its antimicrobial activity. Pharmacogn Mag. 2012;
8(30):149–55.

15. Wang R, Chen WH, Shi YP. Ent-Kaurane and ent-Pimarane Diterpenoids
from Siegesbeckia pubescens. J Nat Prod. 2010;73(1):17–21.

16. Cheng BCY, Yu H, Su T, Fu XQ, Guo H, Li T, Cao HH, Tse AKW, Kwan HY, Yu
ZL. A herbal formula comprising Rosae multiflorae Fructus and Lonicerae
Japonicae Flos inhibits the production of inflammatory mediators and the
IRAK-1/TAK1 and TBK1/IRF3 pathways in RAW 264.7 and THP-1 cells. J
Ethnopharmacol. 2015;174:195–9.

17. Du J, Cheng BCY, Fu XQ, Su T, Li T, Guo H, Li SM, Wu JF, Yu H, Huang WH,
Cao H, Yu ZL. In vitro assays suggest Shenqi Fuzheng injection has the
potential to alter melanoma immune microenvironment. J Ethnopharmacol.
2016;194:15–9.

18. Yi T, Zhu L, Peng WL, He XC, Chen HL, Li J, Yu T, Liang ZT, Zhao ZZ, Chen
HB. Comparison of ten major constituents in seven types of processed tea
using HPLC-DAD-MS followed by principal component and hierarchical
cluster analysis. Lwt-Food Sci Technol. 2015;62(1):194–201.

19. Jiang QC, Yan XF, Zhao WX. Fault detection and diagnosis in chemical
processes using sensitive principal component analysis. Ind Eng Chem Res.
2013;52(4):1635–44.

20. Xuan JY, Xu ZG, Sun YX. Selecting the number of principal components on
the basis of performance optimization of fault detection and identification.
Ind Eng Chem Res. 2015;54(12):3145–53.

21. Lee HK. Research and Discovery trends of Chinese medicine in the new
century. J Chin Med. 2004;15(3):151–60.

22. Bogdan CT, Rollinghoff M, Diefenbach A. The role of nitric oxide in innate
immunity. Immunol Rev. 2000;173:17–26.

23. Pacher P, Beckman JS, Liaudet L. Nitric oxide and peroxynitrite in health and
disease. Physiol Rev. 2007;87(1):315–424.

24. Alexander C, Rietschel ET. Bacterial lipopolysaccharides and innate
immunity. J Endotoxin Res. 2001;7(3):167–202.

25. Nicholas C, Batra S, Vargo MA, Voss OH, Gavrilin MA, Wewers MD, Guttridge
DC, Grotewold E, Doseff AI. Apigenin blocks lipopolysaccharide-induced
lethality in vivo and proinflammatory cytokines expression by inactivating
NF-kappa B through the suppression of p65 phosphorylation. J Immunol.
2007;179(10):7121–7.

26. Cho YR, Choi SW, Seo DW. The in vitro antitumor activity of Siegesbeckia
glabrescens against ovarian cancer through suppression of receptor tyrosine
kinase expression and the signaling pathways. Oncol Rep. 2013;30(1):221–6.

27. Jun SY, Choi YH, Shin HM. Siegesbeckia glabrescens induces apoptosis with
different pathways in human MCF-7 and MDA-MB-231 breast carcinoma
cells. Oncol Rep. 2006;15(6):1461–7.

28. Wang JP, Xu HX, Wu YX, Ye YJ, Ruan JL, Xiong CM, Cai YL. Ent-16beta, 17-
dihydroxy-kauran-19-oic acid, a kaurane diterpene acid from Siegesbeckia
pubescens, presents antiplatelet and antithrombotic effects in rats.
Phytomedicine. 2011;18(10):873–8.

29. Kim YS, Kim H, Jung E, Kim JH, Hwang W, Kang EJ, Lee S, Ha BJ, Lee J, Park
D. A novel antibacterial compound from Siegesbeckia glabrescens. Molecules.
2012;17(11):12469–77.

Guo et al. BMC Complementary and Alternative Medicine  (2018) 18:141 Page 10 of 10


