Wong et al. Chin Med (2016) 11:48
DOI 10.1186/513020-016-0120-y

Rapid differentiation of Xihuangcao from

Chinese Medicine

@ CrossMark

the three Isodon species by UPLC-ESI-QTOF-MS/

MS and chemometrics analysis

Lai Lai Wong', Zhitao Liang'?, Hubiao Chen'? and Zhongzhen Zhao'*"

Abstract

Background: /sodon lophanthoides, I. lophanthoides var. graciliflorus and 1. serra are the three botanical sources of
Xihuangcao, which are often used indiscriminately in herbal products. The aim of this study was to develop a rapid
and accurate analytical method to identify the three different botanical sources of Xihuangcao by combining UPLC-
ESI-QTOF-MS with chemometrics analysis.

Methods: Fifteen batches of plants were collected as reference materials and their chemical profiles were analyzed
by UPLC-ESI-QTOF-MS. These data were subsequently processed by statistical methods, including principal com-
ponent analysis (PCA), hierarchical cluster analysis (HCA) and orthogonal partial least squared discriminant analysis
(OPLS-DA). An automated sample class prediction model was also built using Naive Bayes as a class prediction algo-
rithm to rapidly determine the source species of twenty-seven batches of commercial Xihuangcao samples.

Results: The base peak chromatograms of the three authenticated species showed different patterns and twenty-

seven peaks were chosen, including six diterpenoids, one phenolic acid and two glycosides to distinguish among
these three species. The results showed good differentiation among the three species by PCA, HCA and OPLS-DA.
Isodon lophanthoides var. graciliflorus was found to be the major botanical source of the commercial samples.

Conclusion: UPLC-ESI-QTOF-MS and subsequent chemometrics analysis were demonstrated effective to differentiate
among the three different species of plants used as Xihuangcao.

Background

Xihuangcao is a folk medicine that is commonly used in
southern China as a dampness-draining, antiicteric and
liver protection herb [1]. Furthermore, clinical research
has highlighted the beneficial effects of Xihuangcao for
the treatment of hepatitis with jaundice, leading to the
development and commercialization of numerous propri-
etary medicines and functional food products based on
Xihuangcao [1]. Four different plants have been recorded
as sources of Xihuangcao, including Isodon lophanthoides
(Buch.-Ham. ex D. Don) Hara (IL), I lophanthoides var.
graciliflorus (Benth.) H. Hara (ILG), I. lophanthoides var.
gerardianus (Benth.) H. Hara and I serra (Maxim.) Kudo
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(IS) [2]. According to a taxonomic revision, the plants
in this genus have been much confused, especially for
the varieties of I lophanthoides. A new classification of
L lophanthoides and its varieties was suggested in 2004,
in which L lophanthoides var. gerardianus and I lophan-
thoides var. graciliflorus were merged as 1. lophanthoides
var. graciliflorus (ILG) [3]. However, some experts believe
that IS should not be used as Xihuangcao because its
leaves do not have yellow juice when they are rubbed,
which is recorded as a major characteristic of Xihuang-
cao in several ancient herbal medicine books [4]. Recent
studies have also demonstrated the chemical composi-
tions of IL, ILG and IS are different, which diterpenoids
in IL and ILG are mainly abietane and tricyclic types and
that of IS are ent-kaurane type; thus, they should not be
used as one herb [1, 4].

Although Xihuangcao has multiple botanical sources,
most of the Xihuangcao-based products do not
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specify the species used. The development of an analyti-
cal method to identify the three different source species
of Xihuangcao is therefore strongly desired to ensure the
safe and effective use of these herbal products. IL and
its variety ILG are difficult to distinguish based on their
morphological or microscopic features [5, 6]. In con-
trast, IS can be readily distinguished from IL and ILG
based on its microscopic features, but this method can-
not be applied to differentiate between samples of dif-
ferent sources in their extracted forms. It is noteworthy
that Xihuangcao has not yet been recorded in The Phar-
macopoeia of the People’s Republic of China. The only
official method available for the analysis of Xihuangcao
is recorded in the Guangdong Chinese Materia Medica
Standards. According to this method, samples for analy-
sis are compared with a reference material (I lophan-
thoides var. graciliflorus) by thin-layer chromatography
with no provision for differentiating between the three
species [2]. Although numerous studies have been con-
ducted in recent years concerning Xihuangcao, most of
these studies have limited to the chemical separation or
pharmacological evaluation [7-10]. A few chemical ana-
lytical studies have been published, but each study ana-
lyzed a single species only [11, 12].

Chromatographic fingerprinting is an effective analytical
method for identifying samples based on a comparison of
their chemical profiles. Ultra-performance liquid chroma-
tography (UPLC) can be used to separate a wide variety of
compounds with superior resolution over a short period
of time, and can also be coupled with mass spectrometry
(MS). The major drawback of this method is that it can
be time consuming to analyze all the MS data generated
from a large number of samples. Chemometrics solves this

Table 1 Plant samples of Xihuangcao collected
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problem by statistical analysis to distinguish between dif-
ferent species, thereby avoiding the manual comparison
of huge amounts of raw MS data. Furthermore, class pre-
diction models, which can be built based on the statistical
interpretation of known reference samples can be used for
automated classification of unknown samples.

The aim of this study was to identify the three botani-
cal sources of Xihuangcao by ultra-performance liquid
chromatography coupled with electrospray ionization
quadrupole time-of-flight mass spectrometry (UPLC-
ESI-QTOF-MS) in combination with chemometrics
analysis.

Methods

Chemicals and reference standards

All chemicals and reference standards used in this
study were purchased as the HPLC grade. Oridonin
(purity >98%) and rosmarinic acid (purity >98%) were
purchased from Chengdu Must Bio-Technology Co., Ltd
(Chengdu, China). Schaftoside (purity >98%) was pur-
chased from Chengdu Biopurify Phytochemicals Ltd
(Chengdu, China). Methanol and acetonitrile were pur-
chased from E. Merck (Darmstadt, Germany). Formic acid
(purity 96.0%) was purchased from Tedia Company Inc.
(Fairfield, OH, USA). Water was obtained from a Milli-Q
water purification system (Millipore, Bedford, MA, USA).

Plant materials and sample preparation

Fifteen batches of plant samples were collected in south-
ern China as reference materials, including four batches
of I lophanthoides var. lophanthoides, seven batches of
L lophanthoides var. graciliflorus and four batches of L
serra (Table 1; Fig. 1). These samples were authenticated

Sample no. Species Source Date of collection
IL-01 Isodon lophanthoides Baiyun, Guangdong Province (transplant from Fujian) July 2012

IL-02 Isodon lophanthoides Baiyun, Guangdong Province July 2012

IL-03 Isodon lophanthoides Yingde, Guangdong Province July 2012

IL.-04 Isodon lophanthoides Yingde, Guangdong Province July 2012

ILG-01 Isodon lophanthoides var. graciliflora Pingyuan, Guangdong Province July 2012

ILG-02 Isodon lophanthoides var. graciliflora Pingyuan, Guangdong Province July 2012

ILG-03 Isodon lophanthoides var. graciliflora Heping, Guangdong Province July 2012

ILG-04 Isodon lophanthoides var. graciliflora Baiyun, Guangdong Province July 2012

ILG-04 Isodon lophanthoides var. graciliflora Shatin, Hong Kong August 2013
ILG-05 Isodon lophanthoides var. graciliflora Meizhou, Guangdong Province September 2013
ILG-06 Isodon lophanthoides var. graciliflora Panyu, Guangdong Province February 2014
1S-01 Isodon serra Yingde, Guangdong Province July 2012

1S-02 Isodon serra Baiyun, Guangdong Province July 2012

IS-03 Isodon serra Zhaoging, Guangdong Province July 2012

1S-04 Isodon serra Panyu, Guangdong Province February 2014
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Fig. 1 The botanical sources of Xihuangcao: a I. lophanthoides, b I. lophanthoides var. graciliflorus and ¢ . serra

by Prof. Zhongzhen Zhao (School of Chinese Medicine, samples of commercial batches of Xihuangcao were col-
Hong Kong Baptist University, Hong Kong) based on lected from retail markets in Guangdong and Guangxi
their morphological characteristics [3, 13]. Twenty-seven  (Table 2; Fig. 2).

Table 2 Commercial Xihuangcao samples collected and the identification result

Sample no. Producing area Usage Species identified

Sample 01 Shangsha, Guangdong Ingredient of soup Isodon lophanthoides var. graciliflorus
Sample 02 Meizhou, Guangdong Ingredient of soup Isodon lophanthoides var. graciliflorus
Sample 03 Guangxi Herb tea Ampelopsis grossedentata

Sample 04 Huizhou, Guangdong Herb tea Ampelopsis grossedentata

Sample 05 Yulin, Guangxi Decoction pieces Isodon serra

Sample 06 Yulin, Guangxi Herb tea Ampelopsis grossedentata

Sample 07 Shaoguan, Guangdong Herb tea Isodon serra

Sample 08 Meizhou, Guangdong Ingredient of soup Isodon lophanthoides var. graciliflorus
Sample 09 Taiping, Guangxi Herb tea Ampelopsis grossedentata

Sample 10 Wengyuan, Guangdong Herb tea Isodon serra

Sample 11 Wengyuan, Guangdong Herb tea Ampelopsis grossedentata

Sample 12 Guangdong Herb tea Isodon serra

Sample 13 Meizhou, Guangdong Ingredient of soup Isodon lophanthoides var. graciliflorus
Sample 14 Heyuan, Guangdong Herb tea Ampelopsis grossedentata

Sample 15 Guangdong Herb tea Ampelopsis grossedentata

Sample 16 Meizhou, Guangdong Ingredient of soup Isodon lophanthoides var. graciliflorus
Sample 17 Meizhou, Guangdong Ingredient of soup Unknown

Sample 18 Jiangxi Decoction pieces Isodon serra

Sample 19 Meizhou, Guangdong Ingredient of soup Isodon lophanthoides var. graciliflorus
Sample 20 Huizhou, Guangdong Herb tea Ampelopsis grossedentata

Sample 21 Meizhou, Guangdong Ingredient of soup Isodon lophanthoides var. graciliflorus
Sample 22 Meizhou, Guangdong Ingredient of soup Isodon lophanthoides var. gracilifiorus
Sample 23 Longyan, Fujian Herb tea Isodon lophanthoides var. graciliflorus
Sample 24 Meizhou, Guangdong Ingredient of soup Isodon lophanthoides var. graciliflorus
Sample 25 Meizhou, Guangdong Ingredient of soup Isodon lophanthoides var. graciliflorus
Sample 26 Meizhou, Guangdong Decoction pieces Isodon serra

Sample 27

Meizhou, Guangdong

Decoction pieces

Isodon lophanthoides var. graciliflorus
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sis grossedentata

Fig. 2 Photos of some of the commercial Xihuangcao samples collected in this study: a, b I. lophanthoides var. graciliflorus, ¢ I. serra and d Ampelop-

For the preparation of the reference materials, the roots
were removed from the plants together with any foreign
matter, and the remaining materials were dried under the
sun. All of the dried samples were then powdered in a
blender. A sample (0.5 g) of the powdered material was
then accurately weighed into a centrifuge tube followed
by 10 mL of methanol, and the resulting mixture was
sonicated for 30 min at room temperature. The superna-
tant was then centrifuged at 25,920xg for 10 min on an
Eppendorf 5810 centrifuge (Eppendorf, Hamburg, Ger-
many). The extract (0.2 mL) was then diluted with 0.8 mL
of methanol and transferred into a brown HPLC vial for
injection.

UPLC-ESI-QTOF-MS analysis

UPLC-ESI-QTOF-MS analysis was performed on an
Agilent 6540 accurate mass Q-TOF LC/MS system (Agi-
lent Technologies, Santa Clara, CA, USA). Chromatog-
raphy was performed on a UPLC C,4 analytical column
(21 x 5 mm, LD. 1.7 um, ACQUITY UPLC® BEH,
Waters, Milford, MA, USA). The mobile phase used for
the elution of the column consisted of 0.1% (v/v) formic
acid in water (solvent A) and 0.1% (v/v) formic acid in

acetonitrile (solvent B). A gradient elution was performed
as follows: 0—15 min, 10-45% B; 15-23 min, 45-70% B;
23-25 min, 70-100% B. The flow rate was set at 0.4 mL/
min with an injection volume of 2 pL, whilst the column
temperature was maintained at 40 °C.

Detection by ESI-QTOF-MS/MS was performed in
positive ion mode. The source parameters were set as fol-
lows: gas temperature, 300 °C; gas flow, 8.0 L/min; nebu-
lizer pressure, 45 psi; sheath gas temperature, 350 °C;
sheath gas flow, 8.0 L/min. The scan source parameters
were set as follows: VCap, 3500; nozzle voltage, 500 V;
fragmentation voltage, 120 V. Reference masses were
used at m/z 121.0508 (purine) and 922.0097 (hexakis-
phosphazine). Automatic MS/MS was performed using a
fixed collision energy of 15 eV.

Qualitative analysis

Data were analyzed using the Agilent MassHunter Work-
station Software-Qualitative Analysis software (ver-
sion B.06.00, build 6.0.633.0, Agilent Technologies Inc.,
2012) with the following settings: extraction restrict
retention time, 2-25 min; peak height, >100 counts;
charge state, 1; peck spacing tolerance, 0.0025 m/z plus
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7.0 ppm; compound relative height, >2.5%; absolute
height, >2000 counts; elements of C, H, O from 3 to
60, 0 to 120 and O to 30, respectively, for generating the
formulae.

Statistical analysis

Statistical analyses and class prediction of the UPLC-
MS/MS results were carried out using the Agilent Mass-
Hunter Mass Profiler Professional Software (version
B.02.02, Agilent Technologies Inc., 2011). Data were
initially exported from the Mass Hunter Workstation
before being imported into the Mass Profiler Professional
Software with the following settings: abundance filter-
ing with minimum absolute abundance, 5000 counts; all
charge states permitted; retention time (RT) correction
with a maximum of 0.5% plus 0.5 min; mass window
5.0 ppm plus 2.0 mDa; compound alignment with RT
window 0.1% plus 0.15 min. One-way analysis of variance
(ANOVA) was used with a P value of 0.05 to further fil-
ter these data. A 3D principal component analysis (PCA)
was conducted on all of the samples. A hierarchical clus-
ter analysis (HCA) was also conducted with the following
settings: cluster on conditions, Euclidean as the distance
metric, centroid as the linkage rule. An automated sam-
ple class prediction model was built based on the UPLC-
MS/MS results of the reference plants with the following
settings: Naive Bayes as the class prediction algorithm;
validation type, N-fold; number of folds, 3; number of
repeats, 10.

SIMCA (version 13.0.3.0, Umetrics AB 2013) was used
to analyze selected peaks. The peak volumes were manu-
ally imported as X-variables, with the sample number as
a primary ID, peak number as a secondary ID and sam-
ple speciation as a class ID. The model type was set using
orthogonal partial least squared discriminant analysis
(OPLS-DA), where the significant components were cal-
culated using an “Autofit” function.

Results and discussion

Chromatographic profiling of the reference plants

The UPLC-ESI-QTOF-MS/MS chromatograms revealed
the chemical profiles of the three different Isodon species,
and typical base peak chromatograms (BPC) of these
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three species are shown in Fig. 3. The chemical profiles
of IL and ILG were similar, whereas the chemical profile
of IS was considerably different. By comparing the sam-
ples of the different batches of IS, IL and IL, we were able
to select 11, 17 and 13 common peaks for each species,
respectively. One common peak (peak 5) was found in all
three species. Thirteen common peaks were found in the
chromatograms of IL and ILC, namely peaks 1, 2, 5, 13,
14, 19, 21, 22, 23, 24, 25, 26 and 27. The main difference
between IL and ILG was that peaks 4, 16, 17 and 20 only
appeared in IL. Moreover, peak 13 was absent or only
detected in small quantities in ILG, but was distinct in
IL; peak 14 was absent or only detected in small quanti-
ties in IL, but was distinct in ILG; peak 22 was present in
much higher quantities in IL than ILG; and peak 27 was
detected in higher quantities than peak 26 in IL, and vice
versa in ILG. However, 10 specific peaks (peaks 3, 6, 7, 8,
9, 10, 11, 12, 15 and 18) were only detected in the chro-
matogram of IS.

All of the raw UPLC-MS data for the reference plants
were examined using the Agilent MassHunter Mass Pro-
filer Professional Software to further validate the dif-
ferences between the three Isodon species. PCA was
conducted, which exposed the variance between the sam-
ples by converting the numerous variables into princi-
pal components. The UPLC-MS data for the plants were
imported for the calculation. Following the reduction of
these data by statistical means, including ANOVA and
the use of a frequency filter, three principal components
were calculated. The PCA plot with principal compo-
nents 1 (41.20%), 2 (22.26%) and 3 (7.42%) is shown in
Fig. 4. The samples were distinctively clustered in three
groups, which were correlated with the three species. The
UPLC-MS features of the three species were different and
these data could be used to distinguish between the three
species. HCA was also used to interpret the relationships
between the three different species. By comparing the
detected m/z signals and signal intensities of the UPLC-
MS data, samples were organized into clusters based on
the similarity in their MS profiles. Figure 5 shows the
dendrogram of hierarchical clustering, where the sam-
ples have been grouped into three branches correlating
to the three species. These data highlighted the closer
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Fig. 3 Typical BPC chromatograms of a /. lophanthoides, b I. lophanthoides var. graciliflorus and ¢ I. serra
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Fig. 4 3D PCA plot of the samples

relationship between IL and ILG compared with IS. The
HCA results therefore supported those of the PCA, and
revealed the phylogenetic relationships between the
three Isodon species.

Twenty-seven different peaks were selected from the
chromatograms of the three different species to allow
for their differentiation. Furthermore, the ability of these
peaks to distinguish between the different species was
verified by OPLS-DA. A 3D OPLS-DA is shown in Fig. 6,
where the samples were separated into three groups by
species. The consistency observed between these results
and those obtained using the MS data highlighted the
representative nature of the selected peaks.

Peak assignments and the interpretation of MS/MS spectra
Peak assignments for the three species were conducted
according to the references, standard compounds and
possible fragmentation pathways. The details of the peaks
identified from the three Isodon species are summarized
in Table 3, and the structures of the identified com-
pounds are shown in Fig. 7.

Peak 5 was common to all three species. The domi-
nant mass ion for peak 5 had an m/z value of 163.0392,
which was consistent with the MS data of rosmarinic acid
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resulted from the cleavage of its ester bond, weak m/z
383.0724 [M+Na]t and m/z 343.0814 [M+H-H,O]"
ions also found, which provided evidence that this peak
could be attributed to rosmarinic acid [12, 14].

Diterpenoids are the major active compounds in Isodon
species [15]. More than 500 diterpenoids have been iso-
lated from plants belonging to this genus and a number
of them have been reported to exhibit strong antibacte-
rial, anti-inflammatory and anticancer activities [15].
Six ent-kaurane type diterpenoids were identified from
IS in this study, including lasiodonin (peak 3), oridonin
(peak 7), ponicidin (peak 8), lasiokaurin (peak 10), shi-
kokianin (peak 13) and shikokianidin (peak 18) [11, 16].
Their chemical structures are shown in Fig. 7. The loss of
H,O (—18 Da) from a hydroxyl group, AcOH (—60 Da) or
CH,=CO (—42 Da) from an acetate group, CO (—28 Da)
from the D ring and CH,O (—30 Da) from the C-20 oxy-
genated B ring were identified as the dominant fragmen-
tation processes in the tandem MS/MS spectra of these
compounds.

Abietane and tricyclic diterpenoids have been reported
to be the major diterpenoids found in IL and ILG. Diter-
penoids of this type have only ever been found in a few
Isodon species, including I grandifolia and I forrestii
[17]. Information pertaining to diterpenoids of this type
is therefore limited. Based on the fragmentation pattern
of salvialeriafone, which is a diterpenoid found in the
genus Salvia with a similar skeletal structure to those
found in IL and ILG, the proposed fragmentation of
the diterpenoids was the loss of CO (—28 Da) and H,O
(—18 Da) from their C ring after the removal of their side
chains or other functional groups [18]. Although more
than thirty diterpenoids were isolated from IL, ILG, I
lophanthoides var. gerardianus and I lophanthoides var.
micranthus [6, 8—10, 19], none of them showed identical
molecular weight and possible fragmentation pathways to
the peaks in this study. However, the calculated formulae
and MS/MS fragments —C;H, (—40 Da), -C;H, (—42 Da)
and —CzHg (—68 Da) (removal of side chain from C ring)
indicated that most of the peaks could be attributed to
abietane-type diterpenoids. Furthermore, two of the
peaks in the chromatograms for IL and ILG were identi-
fied as glycosides schaftoside (peak 1) and isoschaftoside
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Fig. 6 The OPLS-DA plot of samples using the selected peaks

(peak 2) based on comparisons with standards and refer-
ences [13, 20].

Identification of commercial samples

Based on the UPLC-MS data generated using the ref-
erence plants, we proceeded to investigate the identi-
fication of the 27 batches of commercial Xihuangcao.
Fundamental morphologic and microscopic identifica-
tion of Xihuangcao and several related species were done
in our previous study. In terms of the morphological fea-
tures of the 27 samples evaluated in this study, eight of
the samples (samples 03, 04, 06, 09, 11, 14, 15, and 20)
obviously did not contain plants belonging to the genus
Isodon, which have white powders on their surface and
leaves 1- or 2-pinnate (Fig. 2d). The microscopic fea-
tures of these samples were also different from those of
the Isodon species according to our preliminary studies.
These samples were therefore identified as Ampelopsis
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grossedentata (Hand.-Mazz.), which is a common adul-
terant of Xihuangcao [21]. Preliminary analysis of A. gros-
sedentata by UPLC-MS showed its chemical composition
differed considerably from those of the Isodon species
(Additional file 1: Figure S1), hence the UPLC-MS data
for these eight batches were excluded from the auto-
mated sample class prediction.

A prediction model was initially built using the
UPLC-MS data generated form the 15 reference plants.
Significant signals were identified via a series of statis-
tical calculations and filtration processes, followed by
a statistical validation step, which showed the accuracy
of the prediction for each class. The model was finally
visualized by PCA. In this model, naive Bayesian clas-
sifier, which is a multi-class parameter-based statistical
classifier, was used. The UPLC-MS data of the remain-
ing 19 commercial samples were imported and classi-
fied using the prediction model. Twelve samples were
predicted as ILG (samples 01, 02, 08, 13, 16, 19, 21, 22,
23, 24, 25 and 27), whereas six samples were predicted
as IS (samples 05, 07, 10, 12, 18 and 26) with a high con-
fidence measure of 1.000 in both cases. The only major
exception was sample 17, which was predicted to be IS
with a low confidence measure of 0.692. A representa-
tive prediction report is shown in Fig. 8. The UPLC-MS
data for this sample was converted into three principal
components and compared with those of the model.
Manual identification of the samples using the 27 char-
acteristic peaks was also conducted to further confirm
the result. All of these results were consistent with
those of the automated prediction, except for sample
17, which showed a low confidence measure. This sam-
ple could not be identified as one of the three Isodon
species.

According to the species identification results, ILG was
the major source of Xihuangcao, whereas IS was found in
approximately one-quarter of the samples (22%) and IL
was not used at all. Xihuangcao is mainly sold as a special
local product in the markets for the preparation of soup
or herbal tea. IS has a very bitter taste, whereas IL and
ILG are only slightly bitter, which could explain why IS



Page 10 of 16

Wong et al. Chin Med (2016) 11:48

2(00) - [0D~HOOD-0O HZ~H+A]

6951°€52 (001) {[HOOD-OHZ-H+W] 625 1°18T
"(€£)+[0D~OHe—H+W] £291'66C (57)4 [O°HE
—H-+W] 06%1'60€ (85) L [O°HZ-H+W] ££51°LT€E

() L [H+W] v6/1€9¢
'(S8) L[eN+] 0191°58¢

ort— 6CL1°T9€ %0%HY" uppuod  (Z€) 4 [0 H-H+IN] 9891°SHE ‘(81)4 [H+IN] 88/ 1°€9€ "001) 4[eN+IN 7] ZEEE LY L LT8 8
o(69)+ [O°HD-OHE-H+I] 825 1° 18T
'(89) L [0D-0O°HE-H+W] 5891°€87 '(€2)+ [O°HD
~OHZ-H+] 0£91°66€ '(001) 4 [0D-O°HZ-H+W]  (££) L[O°H-H+W] L¥8L L€
68£1°10€ '(07) 1 [O°HE-H+N] 0£91°L L€ '(20), [0%HL (1) L [HH+W] 706 1°59¢
61— 98819¢ 205H UluopUO —H+] 072 1'62€ (7 1) L [O°H-H+WN] vE8L LE ‘001) ([eN-+IND LZ£1°/8€ L9/ L
(0€)[0°HD
~O°HE-H+W] 825 1°18T (€2): [0D~OHE-H+W]
0891687 (€0) [O°HD~OHZ—H-+I] ££91°66C (€0) [O'H-H+W] L¥8L/PE
splousdiayp sueiney (001) L [O°HE-H+W] LESL L LE ‘(0)[O°HT "(6¥) +[H+W] 0561°59¢€
- 9881 79€ 0%HD -1Ua pa1euaBAX0 07-) —H+W] 6€£1'62€ ‘(91)4 [O°H-H+W] 8€81°/FE "(001) L[eN-+IA] 59/ 1°/8€ SSYL 9
(0ol)
O HOD-H+IN] 580691
(9,0 HD (1) L [OH-H+W] S080°ErE
v6'L— S¥80°09€ 80" 1B pRedupewsoYy  —H4A] £8Z0°St L (001)4 PO HED-H+IN] S8E0°€91 "(02) L[eN+W] ¥ZL0€8€E 779 S
(@0) [CO'™HD
—OHE-H+W] 2060607 '(St) + [CO"HD-OHT
—H+W] 1101 L2y '@ L) L["OPH D -0 H-H+WI]
0LLL69Y (€1)4 [O"HD-OHE-H+WIzzT L€
1) [O°HD~OHZ-H+W] €2 1'L¥S (67) L [O°HE
—H-+W] SLEL'ESS (SE) LIOPHZ-H+W] £ LY L'LLS (001) L[H+W] $+91°£09
8y l— 8517909 Lo 3pISOIAD  (1S) [OH-H+IN] £2S51'685 '(001) L [HHWIFEIL 209 (@) L [eN+IN] 0S¥ 1629 19 ¥
(¥1)+[0D-0°HD~O°HE
~H+1 895 1°€5Z '(12) 1 [OD-OHy—H+IN] 895 1597
"(19) L [O*HD-OHE-H+WI #ZS1'18T ‘(££)+[0D
—O°HE-H+W] 5891°€87 ‘(#9) - [O°HD-OHZ-H+IA] (S€) LIO°H-H+I £¥8LL1E
LE91'66C '#8) 1 [OTHE-H+T LEIL L LE (Op), [O%HT 02) +[H+W] 6v61°59€
SlT— 9881 9¢ 208 uluopoIse —H+W] v721°62€ '(001) ([OH-H+IN] €081 /P€ "(001) +[eN+IN] S9/1/8¢€ 86'S €
(86)+ "OPH -0 HZ-H+W] 906060 '(98) - [FO°H™
—OH-H+W] 2101 22t ‘(1) LLO°HD-OHS—HA+W]
LLLLSEY ‘(£ 1)+ [0°HD-O°HE-H+] 801 L L8Y
"(80) [0 HD-OHZ-H+W] £LZ1'66% '(95) 4+[O°HE
—HHNIELZL L LS ‘(#9) L [O®HZ-H+IN] ZEE 1625 (001) L [H+W] 8€51°595
8y 7— 6/¥ 1795 "o¥HY apisoyeydsos|  (1£) [OH-H+IN] 82t L /#S '(001) L [H+IN] 8€5 17595 ‘(#2) L[eN+] b€ 1285 ¥S€ 4
(07) 4 [O°HD-OHS-H+WI 8L L L'Stt
"(€€) 1 [FO°HE -0 H-H+I] SOL L 2SF (1E) L [CO"HD
—OHZ-H+WI ZLL 169 ‘(£1) L [O°HD-OHE
—H-+W] 901 L1'L8% (€ 1) L [O°Hy—H+IN] 980 L €61
() L [O*HD-O HZ—H+W] 807 L '66¥ ‘(87) . [O°HE
—H+W] 22211 LS (L) [O°HZ-H+W] STEL'6TS (001) L[H+I] £ES1°595
997— 6/¥1%95 oD ap1soyeyds  (001) 4 [0 H-H+WI 6111 bS ‘(65 [HHIN] 725 1°595 ‘(0€) 4+[eN+I] £¥EL/8S e l
(wdd) ssew ejnwuoy uonedyissepd (@uep (9uepunge (urw) swn
A>eindde ssepy paie|ndje) palendje) /K nuap) -unge aA1}e[31) UO! Je[Nd3j0W 3Y3 JO Z/W ,SIN aAne|R)) z/w S uonua1ay ‘ou yesd

syead pajdajas ay} JO uoleWLIOUI UOIIRIYUAP] € d|qel



Page 11 of 16

Wong et al. Chin Med (2016) 11:48

(90){BH*D-HO2VZ-H+W] v 1L '67C
"8Y) 4 PHED-HOVZ-H+W] 69€ 1552 '(92) . [HOVT
~OH-H+I] 9241647 '(S) - [HOIYZ-H+I]

(16)
+HOY-H+W] 950T°£5€

e 661791 0% H™D splousdisup auelLlqy  L¥81/6¢ (001)4[0D=HD~HOY-H+] Ov6L'SLE ‘(001) 4H+W) 99z 1LY €SPl 9l
@0)4[0°*HD
~HOPY—-O HZ-H+W] 9/51°59Z (£5) 4+ [0D-HOV
~OHZ-H+W] 0££ 1292 '(001)4 [O°HD-HO2Y
~OH-H+IN] 8£91°€87 '(05) 4 [HOPY-O HZ-H+W] 1) [O*H-H+W] 8661°€L€E
splouadiayp aueiney €/91°567 '(99) 1 [HOPY-OH-H-+I] L8/ L€ L€ ‘91) {[H+WI €01z L6€E
Lez- Tr0T06€ 20%H% -1Ua Pa1RUSBAXO 0Z-D "(09)4 [O°H-HA4-W] 0007 €€ ‘(9)+ [H+I] 0007 L6€ “(001) 4 [BN+W] ST6LELY Va4 Sl
(10 LOD-H*D-OHZ-HF+W ¥ L L1661
"91) 4 PBH D0 HE-H+1 5560607 ‘(L)1 [FHD  (001) 1 [OH-H+WI 86/ 1°ELE
—-2H*D-0%HZ-H+W]Zz80Z 12 (001) [BHD-0%He ‘(v) L [H+] 6881 LE€E
€LT— LEgL0EE 0% splousdisup auelelqy  —H+N19501°22¢ '(6)  [PHED-0HZ-H+WN] 61Z1°€ST '(8€) y[leN+N] v 12LESE S vl
(£1) PH DO HE-HA+W] 8760'60C
001 [PHE -0 HE-H+W] ££21°L€T (€0), [O%HE (1) IO H-H+WI ¥6LLELE
€L7— L£81°0EE oo splouadiaup sueiaigy —H+W] 06517222 (¥) L [O°HZ-H+I] 6991°56C ‘(001) 4[eN+IN] #L£LESE £0TL €l
(99)+[0°HD
~HOVZ-OH-H+W] £25 118 '(+0): [0D-HO2VT
~O°H-H-+W] 8891°€8Z (S 1) 1 [HOIVZ-OHZ-H+IA]
LES1'E6T '(001)2 [HOPYZ-OH-H+W] €€91°L LE
20+ [HOAVZ-H+W] €1/ 1'62€ (12 [HOPY-O%H (%) ([HF+W] 651761
Syz— L60T8hY S0% "D uluepoyIys —H+H] 181 LLE (1) 1 [HOPY—H+I] 8761 '68¢ ‘(001) 4[eN+IN] €861 L LY i 1
(19) +[0D-0%HD
—HOY-0HZ-H+IN1 9£51°€52 '(9%), [0D-HOY
~O°HE-H+] 0851592 “(001) 4 [O*HD-HOPY-0O°HT
—H+IN] 925 1°182 (68) + [0D~HO2V-0O HZ~H+A]
989168 (24) 4+ [O'HD~HOPY-OH-H+I S 191'66C
"(¥9) - [HOY—-OHZ—H+W] 0€91°L L€ (58)4 [HO2Y (@) +[O°H-H+I] 9561 '68¢
splousdiayp sueiney ~OH-H+W] 152 1'62€ ‘(11) +[0D-0%HT "(€) +H+W] 850T L0
/61— 1661901 0% -1Ua pa1euaBAX0 07-) —HAWI] v£81°€V€ ‘(1) L [O°HT—H+IN] 1928 LLE "(001) L[eN-+I] 5/8L'621 9601 Ll
(%) [0D-0 HD~HOY-O HZ-H+W] 25 1°€5T'(0€)
HO*HD~HOPV-0Hz—H+W] 625 1°18Z (00 1)
[O®HD-HOPV-0O H-H+W] 6291667 ‘(€ 1), [HOV (€) [0 H-H+W] £561°68€
—OHZ-H+WI Z9L L' LLE '(9€) { [HO?Y-O°H "(€0) 4 IH+W] S907 L0%
ST0 1661901 L0PHeD uLnexoise’] ~HAWI S2£16T€ '(81) [0 H-H-+IN] 956 1'63€ ‘(001) +[eN+IN] 8/81 6T 70l ol
(@1)+[0D-HOOD~-0O°HZ—H+] 6551°€5C
"(51)4 [0D7-0°Hz-H+W] 8/91° 14T '(£9)4 [HOOD (9)
~O°HZ—H+WI 0£5 1187 (€0): [0D-O°HZ-H+W] L [O°H-H+WI 8891°StE ‘(L 1)
029166 '(S€)+ [0S HE-H+I] v/11'60€ (€1), [0HT +[eN 4+ OFH-W] 015 1°£9¢
lzz— 6CL1°79€ Y0%HYD  splouadialp aueiney-1u2 —H4W1 925 1°£Z€ (00 1) [O°H-H+IN] 1891°S¥€ ‘(001) L[eN-+I] €191°58¢€ 6€8 6
(wdd) ssewl ejnw.oy uonedyissepd (9uep (9duepunqe (urw) awn
£A>eandoe ssepy paie|ndjed palendje) /Kmuap)| -unge aA1}e[34) UO! Je[Nd3joW Y3 JO Z/W ,SIN aAne|pRl) z/w S uonuslay ‘ou yedd

panunuod ¢ s|qey



Page 12 of 16

Wong et al. Chin Med (2016) 11:48

(S1)4PHD-0He
—H+I] £560°60C (57) +[*H*D-O°H-H+WIZ901 LT
(001) 4 ["HED-O HZ-H+I L£T1°£ET (€)4 [0°HT

(1) yH+WIveLLELE
‘(¥6) L[eN+] 0191°SEE
[
.

8T1— STLLTLE fOVeHYD spiouadialp suelRiqy —H+W] €851°££T '(€1)4 [O°H-H+W] 5891°S6T "001) 4[eN+IN 7] EEEE /19 1961 4
oL 1)1 PH D-HO2Y-0HZ-H+IA]
8E0L£2C '(€1) 6YL L €T (1) PHED-HOIY-OHL
—H+IN] 2217652 (19) £ [0D=HD~HOPY-O°H (O1) +[HOY
—H+HW] €£91°1£2 (€1) 4 [FHD-HOPY-O HZ-H+W] —OH-H+W] €6£1°ELE (8)
LT¥1°08C '(6) - [0D~OH-H+W] £781'58¢C LO%H-H+W] so0z €€
"(62)4 [HOPY-OHZ-H+W] 8£91°56T '(€6)+ [HOIV (001) 4[eN+IN] 9Z6 L€ Lt
S0T— Tv0T06€ 20%H% splousdisup sueslqy  ~O°H-H+I] 86/ 1€ L€ (1) [0S HZ-H+I] £581°55€ ") L[eNT + W1 ShZL'SEY €z6l T
(S0)+['HD-HO2V (00) 4 [H+W] 0lzT65€E
61— ¥i178S€E YO spiouadiang ~H+W] 0891°1£Z (00 1)+ [HOIY—-H+IN] 6661 '66C "(001) +[eN+IN] SZOT'L8€E 7581 €
(09)+°H*D~HO¥-O° Hz—H+W]
956060 (7)1 [0D-"H"D-0D="HD-0 HZ-H+I]
TLLLLLZ (001) 4+ BH*D~0D="HD~OHZ-H+W]
9901°/2C 7€)+ BH"D-0D="HD-O Hz-H+W]
6501°65Z '(£8)4 PHED-0D="HD-OHZ-H+W]
6121°€ST (92) 4 [HOPY-O HZ-H+IN] 8/51°/4T (1) +IO°H-H+IA1 9681°55€
"(2¥) £ [0D="HD~O HZ-H+W] #891°567 ‘(1) [0°HT ‘(001) {[H+W] sL0TELE
vEL L€61TLE 08D spiouadiaup suelsiqy —HHI] 16/ 17££€ '(6) 1 [OPH-HAW] 7681755 "(92) L[eN+] 9181°56¢ z€8l 44
) LP'HD-O H-H+WI PLO L EvT ‘(L L)L BH™D (001) {[H+W] v681°LEE
e L£81°0EE oo spiouadiaup sueislqy  —Q°H-H+I] 891 125 (001) 1 [0 H-H+I] €6£1°ELE "(@0) yleN+N] 91/ 1ESE WLl 1z
(L) +['HPD-HOPVZ-H+N1S580'50C
(£9) P HO-HOIVZ-H+WIZLoL6LT ‘(61 [BHD
—HOVZ-H+W] 91 1St ‘(€ 1), [PHED-HOIVC
—H-+W] 2E€1°1£Z '(001) L [HOVZ-HA+W] (001) L[H+W] cozTesy
9l'p— 8yLzTEY LOFEH"D splouadiaup auelRIqy S8/ 1'ELE (61)1[0D="HD-HOY-H+W] 6881 LEE ‘(€1) +[eN+] 20T SSh 8,91 0z
(1) +PH D-HOPV-O HZ-H+N]£060 52T
(0014 [BH*D~HO2Y-OH-H+W] SLOL E¥T ‘(#€)
+PHED-HOPY-OH-H+W] ¥91 1'69Z ‘(8€) 4 [HOV (001) 4[H+W] 961 68¢€
see— 9881°88¢ 208 H splousdisup auelslqy  —O°H-H+HNIEEOL L LE (S 1)L [O°H-H+W] £¥8L LLE “(L1) {leN+A] SO/ L LY 8TS1 6l
4(62)+[00~0D="HD~-HO2VYZ-O H-H+W] 80/ 1'€8T
"8€) 1 [0D="HD-HOVZ-OH-H+W] #€9L'L LE
“(001)4 [0D="HD~HO2VZ-H-+I] 0¥/ L'6Z€ (€) 4 [H+WI €sTT L6Y
"(6¥) L [HOPYZ-H+W] 0€81°L L€ ‘(27) {[OD="HD ‘(¥) L [PHNHW] 1257805
88'c— €027 06 60" D ulpIuenoNIYys  —HOPV-H+IN] 926 1'68€ '(8)4 [HOIV—H+W] S20T LEY ‘(001) L[eN-HI] 920T°€ 1S L0S1 8l
(8%)+ [0°'H*D-HOPY-H+IA §121°502 (001)4 PH*D
—HO2Y—-OH-H+W] 02z 1'62¢ '(61){ [HOPY-OHE
—H+HIN] 69€1°55Z (O 1)PHED-HOV-H+W]
89 1'€/Z (€1)41 [HOPY-OHZ-H+W] €2/1'6/T (L7
"(€0)+[0D~HO2V-H+W] 866 1'£8C (89)+[HOY +[HOY-H+W] £¥61'SLE
veL— €60T7LE S0%H% spiouadiaup suelqy O H-H+IN] 98126 (£8) [HOPY—H+IN] 9v6LS LE ‘(001) 4[H+W] 191TSLE 6871 Ll
(wdd) ssew ejnw.oy uonedyissepd (9uep (9duepunqe (urw) dwn
£A>eundde ssepy paie|ndjed palejndje) /Kmnuap)| -unge aA1}e[31) UO! Je[Nd3jOW Y3} JO Z/W ,SIN aAne|pRl) z/w S uonuslay ‘ou yedd
ponuniuod ¢ ajqel



Page 13 of 16

Wong et al. Chin Med (2016) 11:48

MO| 00} S| UO! , [H-+I] JO Junowe 3y se paisi| sem  [yHN-HN] 243 JO e1323ds SW/SIN Wapuel
MO| 001 51 UOI | [H+IA] JO Junowe ay) se paisl| sem , [O°H-H-+IA] 943 Jo endads SI/SIN wapuel

q®) +PHED-HOY -0 H-H+I] LOTL'€5C

"(1€) £ [HOPYZ-O H-H+W] 289 1°567 '(001)4 [HOIVC (8) L[PHN+WI 82vT0SY
91— 8y LT TEY L0 spiouadiaup suelsiqy —H+W] 881°€1LE ‘(8) L [HOPY—H+IN] £661°€LE ‘(001) L[eN-+IN] £€0T°SSH ST LT
61)+[00-'H*D>-0H
“HHW] £LL1661 ‘(81) 4 [FHD-""HD-OH-H+W]  (001) 4+[O“H-H+IN] 9581 /6C
0£80712 (001)+[°"H*D-O%H-H+W] 1901222 ‘(01) @ 4HF+WI0S61S1E
651— 788l vl 07D spiouadiug  [OHZ-H+WI 9€£1'6£T ‘(£ 1)1 [O°H-H+W] €¥81 26T ‘(0F) L [eN+I] S9L 1 LE€E wie 9
(wdd) ssew e|nw.oy uonesyisse|d (@>uep (9>uepunqe (uiw) sawn
A>eundoe ssey pale|ndjed palendje) JZSTIUET | -unge aA1}e[34) UO! Je[Nd3joW 3Y3} JO Z/W ,SIN aAne|pRl) z/w S uonualay ‘ou yedd

ponuniuod ¢ a|qel



Wong et al. Chin Med (2016) 11:48

Page 14 of 16

g

Lasiokaurin; h Shikokianin; i Shikokianidin

d e
AcO
OAc
on
o]
X0
OH
OH

OH

Fig. 7 Chemical structures of the identified compounds. a Schaftoside; b Isoschaftoside; € Rosmarinic acid; d Lasiodonin; e Oridonin; f Ponicidin; g

f
(0]
OAc

\

O
OAc

OH
OAc

was found in small quantities in the Xihuangcao samples
in this market investigation. IL is an annual or short-lived
perennial herb, whereas its variety ILG is an undershrub
capable of reaching more than 1 m in height [3]. ILG is

therefore more desirable for cultivation in terms of its
production yield. The large proportion of adulterant
(44%) found in this study also raises concerns about the
quality of the Xihuangcao being sold in retail markets.
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Conclusion Author details
UPLC-ESI-QTOE-MS  and subsequent chemomet- ! School of Chinese Medicine, Hong Kong Baptist University, Kowloon, Hong

rics analysis were demonstrated effective to differenti-
ate among the three different species of plants used as
Xihuangcao.

Additional file

Additional file 1: Figure S1. The BPC chromatograms of Ampelopsis
grossedentata.
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