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ABSTRACT

Background: As herbal medicines have an important position in
health care systems worldwide, their current assessment, and quality
control are a major bottleneck. Cortex Phellodendri chinensis (CPC)
and Cortex Phellodendri amurensis (CPA) are widely used in China,
however, how to identify species of CPA and CPC has become urgent.
Materials and Methods: In this study, multivariate analysis approach
was performed to the investigation of chemical discrimination of CPA
and CPC. Results: Principal component analysis showed that two herbs
could be separated clearly. The chemical markers such as berberine,
palmatine, phellodendrine, magnoflorine, obacunone, and obaculactone
were identified through the orthogonal partial least squared discriminant
analysis, and were identified tentatively by the accurate mass of
quadruple-time-of-flight mass spectrometry. A total of 29 components can
be used as the chemical markers for discrimination of CPA and CPC. Of
them, phellodenrine is significantly higher in CPC than that of CPA, whereas
obacunone and obaculactone are significantly higher in CPA than that of
CPC. Conclusion: The present study proves that multivariate analysis
approach based chemical analysis greatly contributes to the investigation
of CPA and CPC, and showed that the identified chemical markers as
a whole should be used to discriminate the two herbal medicines, and
simultaneously the results also provided chemical information for their
quality assessment.

Key words: Constituents, Cortex Phellodendri amurensis, Cortex
Phellodendri chinensis, herbal medicine, multivariate analysis approach

SUMMARY

e Multivariate analysis approach was performed to the investigate the herbal
medicine

e The chemical markers were identified through multivariate analysis approach

e A total of 29 components can be used as the chemical markers.

INTRODUCTION

In traditional medicine, herbal medicines have been practiced for
hundreds, even thousands of years in the prevention, and treatment of
human diseases.!"! Up to date, herbal medicines still attract the interest
of both patients and scientists. Cortex Phellodendri (Huangbai in
traditional Chinese Medicine) has been used as an herbal medicine to
treat dysentery, jaundice, urinary infection, and rheumatoid arthritis
for more than a 1000 years in China.?! It is derived from the dried
bark of Phellodendron chinensis Schneid. or Phellodendron amurense
Rupr. (Family Rutaceae). Correspondingly, the two species of herbs
are known as Cortex Phellodendri chinensis (CPC, Chuanhuangbai
in Southwest China) and Cortex Phellodendri amurensis (CPA,
Guanhuangbai in Northeast China), respectively. In clinical applications,
the two herb species are used interchangeably because they are believed
to share the similar clinical efficacy and were officially included under
the name “Huangbai” in Chinese Pharmacopoeia until the 2005 edition.
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UPLC-Q/TOFMS-based multivariate analysis method for the herbal
medicine samples

Abbreviations used: CPC: Cortex  Phellodendri  chinensis,
CPA: Cortex Phellodendri amurensis, PCA: Principal component analysis,
OPLS-DA: Orthogonal partial least squares discriminant analysis, BPI: Base
peaks ion intensity.
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CPA as a plant medicine has been paid more attentions to prevent
prostate cancer and osteoarthritis.**/ However, the chemical studies
about these herbal medicines have demonstrated that the contents of
the major quaternary alkaloids between CPC and CPA were significantly
different.” It has begun to raise doubts about the bioequivalence of the
two herbal species.'®” Nowadays, CPC and CPA have been included in the
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2010 edition of Chinese Pharmacopoeia in their respective monograph,
respectively.® Therefore, how to identify species and control the quality
of CPA and CPC has become urgent.

The World Health Organization has accepted fingerprint analysis
as a methodology for the assessment of herbal medicines. Because of
the complexity of herbal medicines, a problem that minor differences
between strongly related species may not be observed but can largely
affect the health of the patient, can successfully be solved by multivariate
methods such as principal component analysis (PCA) and orthogonal
partial least squares discriminant analysis (OPLS-DA) that visualize the
information in the phytochemical fingerprints.®'! Plant metabolomics
analyzes globally the diverse metabolites produced in cell and organisms
and further performs the selection and identification of marker
metabolites based on the nontargeted or widely targeted metabolite
fingerprints and the multivariate analysis!">"® This technology has
been increasingly applied to the evaluation of the qualities of herbal
medicines and the discrimination of species,!' locations,!" parts of
a plant,"” collection period,"® and processing methods."” Therefore,
metabolomics has a great potential as a reasonable and suitable approach
for comprehensive analysis of chemical profiling and identification of
discrimination markers in herbal medicines.

Previous studies on chemical analysis and differences between
CPC and CPA had been reported,” and a few major marker
compounds have been used to evaluate their quality. In this paper,
the plant metabolomics approach based on ultra-performance liquid
chromatography-quadrupole/time-of-flight ~ high-definition =~ mass
spectrometry (UPLC-Q/TOF-HDMS) and multivariate analysis was
used to comprehensively analyze and compare the wide spectrum
of compositions with diverse chemical characteristics and varied
concentration of CPA and CPC. The obtained results should provide the
thorough chemical markers of CPA and CPC for further establishing
their quality discrimination methods.

MATERIALS AND METHODS

Solvents and chemicals

Acetonitrile (HPLC grade) and methanol (HPLC grade) were purchased
from Merck Company (Darmstadt, Germany). Formic acid (FA)
(HPLC grade) was purchased from Tianjin Kemio Chemical Agent
Company (Tianjin, China). The distilled water was purchased from
Watson Group Ltd. (Hong Kong, China). Leucine enkephalin, which
was used as the reference substance in the TOF-mass spectrometry (MS)
detection, was purchased from Sigma (St. Louis, MO, USA). The standards
(>98%) including phellodendrine, magnoflorine, jatrorrhizine, palmatine,
berberine, limonene, and obacunone were purchased from the National
Institute for Pharmaceutical and Biological Products (Beijing, China).

Plant materials

Ten batches of herbal samples of CPA were purchased from the herbal
medicine markets in Heilongjiang Province of China, and eight batches
of herbal samples of CPC from the herbal medicine markets in Sichuan
Province of China. All of the herbal samples of CPA and CPC were
identified as authentic species according to the 2010 edition of Chinese
Pharmacopoeia. A sample of each batch was kept in the National TCM
Key Lab of Serum Pharmacochemistry, Heilongjiang University of
Chinese Medicine.

Extraction of plant samples

Each herbal sample was pulverized, and the powder was sieved through
200 m sieves. 0.10 g of the powdered sample was ultrasonically extracted
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using 10.0 mL 75% methanol at room temperature for 80 min. The
resulting solution was then filtered through a 0.22 pm filter membrane,
and 3.0 uL aliquot of the solution was injected for UPLC-MS analysis
in negative mode. The solution was diluted 10-folds, and 3.0 uL was
injected for analysis in positive mode.

Liquid chromatography conditions

The chromatographic separation was carried out using a Waters
ACQUITY UPLC" system (Waters Corp., Milford, USA). An ACQUITY
HSS T, chromatography column (2.1 mm x 100 mm, 1.7 um) was used
and maintained at 25°C. The mobile phase was composed of phase
A (water with 0.1% FA) and phase B (acetonitrile containing 0.1% FA),
and the flow rate was set at 0.3 mL/min. The gradient elution program
was as follows: 0-5 min, 10-20% B; 5-8 min, 20-25% B; 8-11 min,
25-35% B; 11-14 min, 35-99% B; 14-15 min, 99% B; 15-15.5 min,
99-10% B; and 15.5-18 min, 10% B. The eluent was introduced directly
to the mass spectrometry without a split.

Mass spectrometer conditions

A Waters SYNAPT™ HDMS™ system (Waters Corp., Milford, USA).
equipped with an electrospray ionization (ESI) source and hybrid
Q/TOF-MS was utilized. The full-scan MS data with accurate mass
measurement was acquired at positive and negative ion mode from 50
Da to 1000 Da with a 0.3 s scan time, respectively. The optimal capillary
voltage was set at 3000 V for ESI* and 2600 V for EST-, and the sample cone
voltage at 40 V, the extraction cone voltage at 4 V. Nitrogen was used as the
dry gas; the desolvation gas flow rate was set at 500 L/h, and the con gas
flow rate was maintained at 50 L/h. The desolvation temperature was set
at 350°C and the source temperature at 110°C. All the data were acquired
using an independent reference lock mass via the LockSpray™ interface
to ensure accuracy and reproducibility during the MS analysis. Leucine
enkephalin was used as the reference compound ([M + H]* =556.2771 at
the positive ion mode and [M — H]~ =554.2615 at the negative ion mode)
at a concentration of 0.2 ng/mL under a flow rate of 100 uL/min. The data
were collected in the centroid mode, and the LockSpray frequency set at
10 s and averaged over 10 scans for the correction.

Data analysis

The UPLC-TOF/MS data of all determined samples were processed by
the Markerlynx XS software (Waters Corporation, Milford, USA) for
peak selection and peak alignment. The obtained three-dimensional
datasets comprising t,-m/z pair, ion intensity, and sample code
were subjected to the PCA to generate the scores plot in which the
observations representing the determined samples were clustered to
evaluate the separation of the chemical profiling of the two species.
Subsequently, the OPLS-DA was used to mine the potential chemical
markers significantly contributing to discrimination of CPA and CPC.
The potential markers were identified either by comparing the retention
time (RT) and mass spectrometry data with that of reference compounds
or by mass spectrometry analysis and retrieving the reference literatures.

The parameters for data processing were set as follows: RT range
0.5-14.0 min, mass range 100-1000 Da, RT tolerance 0.2 min, mass
tolerance 0.02 Da, and peak intensity threshold 100. The peak width
at 5% height and the peak-to-peak baseline noise were automatically
determined. Smoothing was not applied during the deconvolution
procedure. Noise elimination was automatically applied. Isotopic peaks
were excluded for analysis. No specific mass or adduct was excluded.
Pareto scaling of data was performed prior to PCA, which generated the
less noise level than other scaling method such as mean centering and
dividing by standard deviation.
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RESULTS AND DISCUSSION
Selection of extraction methods

Extraction conditions were optimized to obtain more and higher
chromatographic peaks. By testing the different concentrations of
methanol solvents (50%, 75%, 100%) and the time of ultrasonic extraction
(30 min, 45 min, 60 min), the method of extracting ultrasonically for
30 min with 75% methanol showed the greatest number of detectable
components.

Optimization of chromatographic and mass
spectrometric conditions

0.1% of FA was added to the mobile phase to achieve higher and narrower
peaks. Besides, using the slower flow rate of 0.3 mL/min and the lower
column temperature of 25°C, the chromatographic peaks were well
separated. To obtain the global chemical profiling of the herbal medicine,
MS spectra were acquired in both positive and negative ion modes. The
effects of capillary voltage, sample cone voltage, extraction cone voltage,
source temperature, desolvation temperature, and desolvation gas flow
rate on the intensity of total ion current of the sample solution were
examined (see materials and method).

Multivariate analysis of chemical profiling

Ten batches of CPA samples and eight batches of CPC samples were
processed and the resulting solutions were determined according to
the chromatographic and mass spectrometric conditions described
above. The typical base peaks ion intensity (BPI) chromatograms of
CPA and CPC were displayed in Figure S1. Visually comparing the BPI
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Figure S1:The typical base peaks ion intensity chromatograms in positive
mode ([a] Cortex Phellodendri amurensis; [b] Cortex Phellodendri chinensis)
and in negative mode ([c] Cortex Phellodendri amurensis; [d] Cortex
Phellodendri chinensis)
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chromatograms of CPA and CPC, it was found that the chemical profiling
of the two herbal medicines was significantly different. Obviously, the
peak of m/z 336.1232 at t, 9.99 min (identified as berberine) was higher
in CPC, and the peak of m/z 352.1222 at t, 9.11 min (identified as
palmatine) was higher in CPA, which had been well-known previously.
In this report, the multivariate analysis methods including PCA and
OPLS-DA were applied to obtain the comprehensive information on
the chemical markers of CPA versus CPC for discrimination of the two
herbal medicines and establishment of efficient quality control method.

The multiple analyses of the CPA and CPC samples by UPLC-Q/TOF-MS
analysis were showed in Figure 1. After Pareto scaling, the data were
analyzed with PCA. The PCA scores plot in the (+) ESI mode displayed
in Figure 1a showed that the determined samples clearly clustered into
two groups. The PCA scores plot in the (=) ESI mode displayed in
Figure 1b also showed the clear separation between the CPA group and
the CPC group. Further, OPLS-DA was performed to mine the variables
for discriminating the two groups. In the OPLS-DA S-plot [Figure 1c-e],
each variable point represents an ion pair t,-m/z; the X-axis represents
variable contribution, where the farther away the variable from the
original point, the greater the contribution to the separation of groups;
the Y-axis represents variable confidence, where the further away the
variable from the original point, the higher the confidence level of the
ion to the separation of groups. Thus, the variables at the two ends of
the “S” sharp are the ones of interest, namely the potential characteristic
chemical markers. In this report, the variables with the confidence more
than 0.5 and the contribution more than 0.05 were selected for the
potential chemical markers contributing most to the difference between
the two herbal medicines. It had been well-known that berberine and
palmatine are significantly different between CPA and CPC, which
can be also observed easily in the chromatograms of CPA and CPC
shown in Figure lc. In order to thoroughly understand the difference
in chemical components of the two herbal medicines, the two variables
representing berberine and palmatine were removed to exclude the effect
of the two components on separation of the groups. Besides, the variable
importance parameter (VIP) value was also an important parameter
for the separation of the groups, and the variables whose value more
than three was believed to be the potential markers, the VIP plot in ()
ESI mode was showed in Figure 1f. As a result, in the (+) ESI mode,
13 variables were selected; of them, nine variables located at the bottom
of the “S” sharp had higher MS responsive values in CPA, while four
variables located at the top of the “S” sharp had higher responsive values
in CPC. In the (=) ESI mode, 19 variables were selected; 12 of them were
higher in CPA while seven of them were higher in CPC. The relative
information of the selected variables was listed in Table S1.

Identification of chemical markers

The SYNAPT HDMS system in this study was equipped with the ESI
source and hybrid Q/TOF-MS. Utilizing this system, the mass accuracy
for all acquired ions was almost less than 5 ppm, and their isotopic
pattern could be determined exactly. The latter was regarded as the more
efficacious method to confirm the elemental composition. Normally, the
normalized i-FIT score (the likelihood that the isotopic pattern of the
elemental composition matches a cluster of peaks in the spectrum) of an
accurate elemental composition which was generated with the elemental
composition tool of the Mass Lynx software (Waters Corporation,
Milford, USA) was close to 0, while that of other elemental compositions
generated were usually more than 1.0. Thus, through determining
the exact mass difference and the normalized i-FIT score, molecular
formula of each candidate ion was confirmed. Further, by elucidating
carefully their MS/MS spectra and comparing their fragment ions with
those of the reference compounds or those reported in the reference
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Figure 1: The multiple analyses of the Cortex Phellodendri amurensis and Cortex Phellodendri chinensis samples by ultra-performance liquid
chromatography-quadrupole/time-of-flight mass spectrometry analysis (a) principal component analysis scores plots in (+) ESI mode; (b) principal
component analysis scores plots in (—) ESI mode; (c) the S-plot in (+) ESI mode; (d) the S-plot in (+) ESI mode when the ions were except m/z 336 and m/z
352; (e) the S-plot in () ESI mode; and (f) the variable importance parameter column plot of the ions whose variable importance parameter value is more
than three in (=) ESI mode. The ions in red box were choose to be the potential markers in S-plots, and the white columns in variable importance parameter

plot were present the corresponding ions in S-plot. ESI: Electrospray ionization

literatures, the candidate ions were identified tentatively. For example,
using the elemental composition tool, the elemental composition of the
candidate ion of m/z 342.1695 at 4.16 min and 4.76 min was calculated
to be C,)H, NO, with the mass difference of 2.9 ppm or 1.5 ppm and
the normalized i-FIT score of 0.2. Its molecular formula was identical
to that of phellodenrine and magnoflorine which were both known
components found in CP. Further, the fragment ions of m/z 192 and
m/z 177 which were characteristic fragment ions of phellodenrine were
observed in the MS/MS spectrum. Some candidate ions had the same
RT, such as the three ions of m/z 409.1998, m/z 477.1902, m/z 455.2056
at 13.83 min. In the MS/MS spectrum of the ion of m/z 455.2056, the
fragment ion of m/z 409.1998 could be observed [Figure 2]. Thus the
candidate ion of m/z 409.4998 was generated because of the in-source
collision-induced dissociation, and identified as the fragment ion of
the ion of m/z 455.2056, while the ion of m/z 477.19025 was identified
as the (M + Na)* ion of the ion of m/z 455.2056. After the fragment
or adduct ions generated were removed, 13 candidate marker ions in
positive ionization mode including palmatine and berberine and 19
candidate marker ions in negative ionization mode were identified.
The identification results were shown in Tables S1 and S2. However,
the molecule ions of phellodendrine and the quasimolecule ions of
obaculactone and obacunone were determined simultaneously in
positive and negative ionization modes. Thus, altogether 28 components
were identified as chemical markers to discriminate and differentiate
CPA and CPC. Phellodendrine, magnoflorine, obacunone, menisperine,
berberine, and obaculactone were confirmed by comparing with their
authentic substances while other marker ions were identified tentatively.
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Changes of relative intensity of chemical markers

Metabolomics employs multivariate analysis to statistically process the
massive amount of metabolite data resulting from high-throughput and
nontargeted or widely targeted metabolite analysis. One advantage of the
methodology is that medicinal plants are evaluated based not only on
the limited number of metabolites that are important chemicals in the
content but also on the fingerprints of minor metabolites and bioactive
chemicals.?*?!! PCA based on the metabolite accumulation patterns
clearly showed differences between CPA and CPC by UPLC-HDMS
analysis, and palmatine and barberine are major components for
discrimination of the two species, and used for quality control of the
two herbal medicines. However, it has been long recognized that the
efficacy of Chinese herbal medicines is usually attributed to multiple
compounds, but not a single compound. In order to more clearly
characterize the action of the two herbs, the expression level of markers
identified was analyzed to illustrate the reason of clinical application.
The peak intensity ratios of the marker ions between CPA and CPC were
shown in Figure 3, and were significantly different (P < 0.01).

In this study, the higher contents of berberine, berberastine,
phellodendrine, and chlorogenic acid were found in CPC, whereas
CPA showed the higher levels of palmatine, tetramethyl-o-scutellarin,
and limonoids. Traditionally, CPC and CPA are used interchangeably
because they are believed to share the same clinical efficacy. However,
CPC and CPA are from two different plant species, and the former
grows usually in Southwest China, while CPA in Northeast China
and Korean Peninsula. The great differences at growing locations and
climate conditions as well as species result in the significant variation
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Table S1: The candidate ions and identification results in the positive ion mode by UPLC-Q/TOF-HDMS

Retention
time/min

VIP Determined Theoretical Error/
mass/Da

mass/Da

i-FIT
ppm (normalized)

Molecular
formula

Fragment ions

Identification

Origin

11.01

10.78

4.74

7.60

6.37

8.12

13.33

4.15

13.80

5.77

4.59

9.29

27.8583

22.5995

10.2057

7.1292

5.3437

4.5625

4.4661

4.4557

4.2021

4.1499

4.0659

4.0082

336.1223

352.1555

342.1690

356.1865

356.1863

352.1172

471.2015

342.1714

455.2056

314.1747

274.1433

370.2006

336.1236

352.1549

342.1705

356.1862

356.1862

352.1185

471.2019

342.1705

455.2070

314.1756

274.1443

370.2018

-39

1.7

0.8

0.3

=37

2.6

=31l

=25

-3.6

=32

0.0

0.4

0.4

0.6

2.7

0.6

0.5

0.5

0.4

0.6

0.2

0.3

CZOH18NO4

C,H,,NO,

217722

C,H,NO,

207 724

C,H,NO,

217726

C,H,NO,

217726

C20H18N05

26073278

C,H,NO,

207 724

26073277

C,H,NO,

197723

C,H,NO,

16~ 720

C,H,NO,

227728

321[M-CH,]*
320[M-CH,]*
306[M-CH,~CH,]"
292[M-CH,-COJ*
336[M-CH,]*

322[M-CH,~CH

]+
3
320[M-CH,~CH,]*
308[M-CH,-CO]*
294[M-CH,-CO-CH,]*
297[M~(CH,),NH]*
282[M~(CH,),NH-CH_}]*
265[M~(CH,),NH-CH,OH]"
192[M—(CH,) NH-CH,OH~
CO-CH,J*
192[M~(CH,),NH-CH,OH~
CO-CH,]*

177[M-CH,]*
311[M-C,HNJ*
296[M-4CH,J*

279[M~C,H N-OCH,*
191[M-C, H,,0,]*

178I[M-C, H,,0,-CH,J*
165[M~C, H,,0,-2CH,]*
336[M-H,0]"
320[M-H,0-CH,]*
308[M-H,0-COJ*
292[M-H,0-CH,-COJ*
278[M~H,0-CO-2CH,J*
453[M+H - H,0]*

425[M+H - CO-H,OJ*

367[M+H - H,0-CO-CH,0,]"
312[M+H - CO-H,0-C _H,0,]"

16 4

297[M-OCH,~CH,]*
265[M-OCH,~CH,~OCH,]*
192[M-CH, O,]*
177[M-C,H, 0,-CH,]*
437[M+H - H,0J"
411[M+H - CO-O]*
409[M+H - CO-H,0]"
359[M+H - C,H,0-COJ"
299[M~CH,|*

269[M-N (CH,),J*
237[M-N (CH,),CH,-OHJ*
192[M-CH3-C H,0]*
143[M-C,H,NOJ*
107[M-C_H,,NOJ*
256(M~H,0[*
226(M~H,0-2CH,|*
202[M-OCH,~CH,J*
172[M-OCH,~C,H,-OCH,]*
144[M-OCH,~C,H,~OCH,~
coJ

338[M-2CH,J*
237[M-2CH,-CH,0,*

206[M-CH,~C,H,0,]*

9777 T2

190[M-CH,—-C.H.0,—CH,]+

Berberine

Palmatine

Magnoflorine

N-methyltetrahydrocolumbamine

Menisperine

Berberastine

Obaculactone

Phellodendrine

Obacunone

Lotusine

Unknown

(6aS)-1,2,10,11-tetramethoxy-6,6-

dimethyl-5,6,6a,

7-tetrahydro-4H-dibenzo
[de, g] quinolinium

&
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Table S1: Contd...

Retention VIP Determined Theoretical Error/ i-FIT Molecular Fragmentions Identification Origin
time/min mass/Da mass/Da  ppm (normalized) formula
6.89 34770  304.1536 3041549  —4.3 0.6 C,H,NO, 286[M-H,0]* Dasycarpamin A

256[]M-OCH,~CH,]*
232[M-OCH,-C,H,]*
201[M-H,0-OCH,-CH,-CH,]*

“Represented the markers which had the higher levels in CPC; “Represented the markers which had the higher levels in CPA. UPLC-Q/TOF-HDMS: Ultra-performance
liquid chromatography-quadrupole/time-of-flight coupled with high-definition mass spectrometry; VIP: Variable importance parameter; CPA: Cortex Phellodendri
amurensis; CPC: Cortex Phellodendri chinensis

Table S2: The candidate ions and identification results in the negative ion mode by UPLC-Q/TOF-HDMS

Retention VIP Determined Theoretical Error/ i-FIT Molecular Fragment ions Identification Origin
time/min mass/Da mass/Da  ppm (normalized) formula
5.38 19320 3671039  367.1029 2.7 0.0 C,H,0, 191[M-H-C,HO,] 3-O-feruloylquinic acid &
173[M-H - C H, 0,
134[M-H - CH,~CH O.]
111[M-H - C, H,0,~CO,-OH]"
109[M-H - CO,~OH-C, H,0 1"
0.82 18.5059  341.1077 341.1084 -2.1 0.0 C,H,0, 387[M+HCOOH]~ Tetramethyl- A
341[M-H]- O-scutellarin
179[C,H,0,-H]"
161[C, H,0,~H]"
119[C,H,0,~20CH,-H]"-
1331 15.8780 469.1848  469.1862 3.0 02 C,H, 0, 515[M+HCOOH] Obaculactone A
381[M-2CO,|-
349[M-CO,-C,H,0,]-
229[M-CO,-C, H,,0,I
0.87 15.4921 191.0553 191.0556 -1.6 0.0 CH,0, 173[M-H - H,0]" Quinic acid <o
13.57 10.4090 467.1703 467.1706 -0.6 0.1 C,H, 0, 229[M-CO,-C, H O,] Derivative of obaculactone &
3.57 103652 353.0874  353.0873 0.3 0.5 C,H,0, 191[CH, O-H] Chlorogenic acid &
179[C,H,0,-H]-
161[C,H,0,-H - H,0]"
13.05 9.4544  485.1795 485.1812 -3.5 0.3 C,H,,0, 485[M-H]~ Rutaevin A
467[M-H - H,0]-
423[M-H - H,0-CO,]-
411[M-H - H,0-C,0,]-
13.80 9.1248  453.1921 453.1913 1.8 0.2 C,H,,0, 499[M+HCOOH]~ Obacunone A
435[M7HZO]’
391[M7C027H20]’
4.16 735552  340.1552  340.1549 0.9 0.0 C,H,)NO, 325[M-H - CH,]" Phellodendrine &
310[M-H - CH,~CH, |-
149[M-H - C, H, NO,|
134[M-H - C_H NO,]
106[]M-H - C H, NO,-OCH, ]
12.80 6.9978 503.1914 503.1917 —-0.6 0.4 C,H,, 0, 447,389,373,357 Derivative of obaculactone A
2.85 64566 431.1534 4311553 44 0.1 C,H,0, 299[M-H-CHO,] 2-(p-hydroxyphenyl) A
191[M-H - CH,0,-C H,O] ethanol
149[M—H - Gle—C,H,0]" 1-O-B-D-glucoside
101[M-H - CH,0-OCH,~CH, O ]
5.81 5.8003  312.1589 312.1600 -3.5 0.1 C,H,)NO, 267[M-N (CH3)2—2H]’ Lotusine o
237.09[M-N (CH3)2CH2—OH]’
5.60 48711 581.2225 5812234  -15 0.7 C,H,0,, 419[M-H - Glc]- (£)-5,5- A
404[M-H - Gle-CH, | dimethoxylariciresinol-
389[M—H - Glc-2CH,]- 4-O-glucoside
373[M-H - Gle—CH,—~CH,OH]-
Contd...
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Table S2: Contd...

Retention VIP Determined Theoretical Error/ i-FIT Molecular Fragment ions Identification Origin
time/min mass/Da mass/Da  ppm (normalized) formula
229 47877  529.1550  529.1557 1.3 0.3 C,H,0, 367[M-H - Glc]- 3-O-feruloylquinic acid A
337[M-H - Glc-OCH, |- glucoside
134[M-H - Gle-CH,~CH, 0,1
111[M-H - Gle-C,,H,0,-CO,~OH]-
10.10 4.6511  479.2140 479.2129 2.3 0.9 C,H,0,, 447,417,377,335 Unknown A
12.91 42420  629.2281  629.2293  -1.9 0.9 C,H, O, 629467 Unknown A
7.25 4.0762  679.2244 679.2238 0.9 1.5 C,H,0, 679,517 Unknown &
11.70 3.9289 501.1766 501.1761 1.0 0.8 C,H, 0, 457[M-CO,]- y-hydroxybutenolide A
413[M-2CO,]- deniatives II
395[M-2CO,-H,0]
371[M-2CO,-H,0-CH, ]~
3.65 3.8881 3121602 3121600 0.6 0.2 C,H,NO, 297[M-H - CH,]- (-)-oblongine A

268[M-H ~ OCH,~CH, |-
191[M-H - CH,~C,H,0]-
176[M-H ~ CH,~CH,~C,H,0]-

“Represented the markers which had the higher levels in CPC; ®Represented the markers which had the higher levels in CPA. UPLC-Q/TOF-HDMS: Ultra-performance
liquid chromatography-quadrupole/time-of-flight coupled with high-definition mass spectrometry; VIP: Variable importance parameter; CPA: Cortex Phellodendri

amurensis; CPC: Cortex Phellodendri chinensis
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Figure 2: Mass spectra of phellodenrine and magnoflorine in positive mode. (a) Product ion spectrum of biomarker phellodenrine in positive ion mode;
(b) product ion spectrum of biomarker magnoflorine; (c) the proposed mass spectrometry fragmentation mechanism of phellodenrine; and (d) the proposed

mass spectrometry fragmentation mechanism of magnoflorine

of chemical phenotype inevitably. In the tentatively identified chemical
markers, berberine, and 3-o-feruloylquinic acid with the antidiarrheal,
antibacterial, and anti-inflammatory activities are higher in CPC, while
obaculactone and obacunone with the neuroprotective and anticancer
activity are higher in CPA. The result may help to clarify the traditional
effect of “qingre” of CPC and “jiang xianghuo” of CPA. Therefore, the
report not only provided a comprehensive discrimination method of

Pharmacognosy Magazine, Vol 12, Issue 45, Jan-Mar, 2016

CPA versus CPC, but also provided helpful chemical information for
further quality control and active mechanism research.

CONCLUSION

In this study, we employed successfully the UPLC-Q/TOF-HDMS and
multivariate statistical analysis to identify the chemical markers of CPA
versus CPC for discrimination of the two herbal medicines. A total of
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Figure 3: Graphical representation of relative intensity of markers
between Cortex Phellodendri amurensis and Cortex Phellodendri
chinensis. The graph displays significant changes in the metabolite
level (relative changes; data are standardized). (a) In positive mode
(b) in negative mode

29 components can be used as the chemical markers for discrimination
of CPA and CPC. Of them, phellodenrine is significantly higher in CPC
than in CPA, whereas obacunone and obaculactone are significantly
higher in CPA than in CPC. These chemical markers as a whole should
be used to discriminate the two herbal medicines, and simultaneously
the results also provided chemical information for their quality
assessment.
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