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An approach was established to analyze the chemical profiling of
Xiao-Cheng-Qi Decoction (XCQD) using liquid chromatography
coupled with electrospray ionization tandem mass spectrometry.
XCQD consisted of three herbal medicines (Rhubarb, Fructus
Aurantii Immaturus and Cortex Magnoliae Officinalis). The tradition-
al water extractive method was applied in the sample preparation,
which was identical with clinical use. The characteristic fragmen-
tation pathways of 17 reference compounds were comprehensively
studied, including precursors of tannins, flavonones, anthraquinones
and lignan. In total, 71 constituents were identified or tentatively
characterized based on their mass spectrometry fragmentations
and chromatographic behaviors. By comparing their relative con-
tents, flavanones and anthraquinones were supposed to be used to-
gether for the quality control of XCQD. Further pharmacology and
pharmacokinetics investigations should be performed on the basis
of the present chemical profiling study.

Introduction

Xiao-Cheng-Qi Decoction (XCQD) is a classical Chinese herb
formula that originated from Shang Han Lun in approximately
200 AD. Currently, it is still attracting interest because of its clin-
ical uses for treating chronic constipation, food stagnation,
hypertension, epilepsy, hepatic injury and difficulty in urination
(1, 2). All of these clinical effects have been proven during long-
term clinical practices. XCQD consists of Rhubarb (Da-Huang),
Fructus Aurantii Immaturus (Zhi-Shi) and Cortex Magnoliae
Officinalis (Hou-Po). These constituents contribute various syn-
ergistic effects in prescriptions. As the major medicine
(monarch medicine), rhubarb provides bidirectional regulation
of large intestinal motility in decoctions (3). Additionally,
Fructus Aurantii Immaturus and Cortex Magnoliae Officinalis
prevents rhubarb-induced disturbances of the regular spiking
activity of colonic circular muscle (4). Additionally, a recent
study showed that XCQD possesses vascular permeability reduc-
tion, inflammation prevention, hepatic-protection, anti-obesity
and lipid-lowering activities (5-7). XCQD also prevents the
effects of uraemia and stroke (8, 9). A high-performance liquid
chromatography (HPLC) method has been established for the
determination of eight compounds in XCQD (10). In the
authors’ previous study, the major compounds were isolated
from the water extract of XCQD, and its volatile oil was analyzed
by gas chromatography—mass spectrometry (GC-MS) (11).
However, no reports have focused on the chemical profiling of
XCQD, which has limited its applications in clinical use. Thus,
the performance of a systematic chemical investigation of

XCQD is very important and urgent. An online analytical
method that avoids time-consuming isolation and provides
quick, full-scale elucidation of chemical profiling is essential.

In recent years, MS combined with HPLC has provided a
powerful approach for the efficient separation and structural
characterization of herbal medicines and natural products (12).
Although the HPLC-MS analyses have been made of single
Rbubarb (Da-Huang) and Fructus Aurantii Immaturus
(Zhi-Shi) (13, 14), XCQD presents a profile with more compli-
cated constituents profile. As the continuation of the authors’
research on the phytochemical analysis of XCQD, reported
here is the comprehensive analysis of tannins, flavonones,
anthraquinones and lignan in XCQD water extract. The prepar-
ation of the sample was in accordance with clinical methods,
including the processing of medicines, the ratio of the material
drugs, the extraction time and the water dosage. In total, 71
compounds were identified or tentatively characterized based
on their mass spectra and chromatography behavior. Seventeen
compounds were unambiguously identified by a comparison
with the reference standards. In addition, the characteristic
electrospray (ESI)-MS fragmentation patterns of the major flavo-
none glycosides in XCQD were carefully investigated, and their
diagnostic fragments were reported.

Experimental

Instrumentation and chromatographic conditions
The analyses were performed on an Agilent series 1100 HPLC
(Agilent, Waldbronn, Germany) equipped with a quaternary
pump, a diode-array detector (DAD), an auto sampler and a
column compartment. The samples were separated on a
Zorbax SB-C18 column (250 x 4.6 mm id., 5 pm, Agilent) with
the column temperature at 30°C. The mobile phase consisted
of MeOH (solvent A) and water containing 0.5% acetic acid
(solvent B). The gradient program was used as follows: initial
0-15 min, linear change from A-B (10:90, v/v) to A-B (17:83,
v/v); 15-20 min, linear change to A-B (30:70, v/v); 20—
40 min, linear change to A—-B (40:60, v/v); 40—55 min, held for
A-B (40:60, v/v); 55—65 min, linear change to A-B (45:55, v/
v); 65—90 min, linear change to A—B (70:30, v/v); 90—100 min,
linear change to A—B (100:0, v/v). The DAD was monitored at
260 nm, and the online ultraviolet (UV) spectra were recorded
in the range of 190-400 nm.

LC-MS experiments were performed using a Finnigan LCQ
Advantage ion trap mass spectrometer (Thermo Finnigan, San
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Jose, CA), which was connected to the Agilent 1100 HPLC
instrument via an ESI source in a split ration of 3:1.
Ultrahigh-purity helium (He) was used as the collision gas and
high-purity nitrogen (N;) as the nebulizing gas. The optimized
mass spectrometry detector parameters in the negative ion
mode were as follows: ion spray voltage, 4.5 kV; sheath gas
(N>), 60 arbitrary units; auxiliary gas (N5), 15 units; capillary
temperature, 340°C; capillary voltage, —20 V; tube lens offset
voltage, —10 V. For full scan MS analysis, the spectra were
recorded in the range m/z 120—1500. In the data-dependent
program, the most two abundant ions in each scan were
selected and subjected to tandem mass spectrometry (MS”,
n=2-5). The collision-induced dissociation (CID) energy for
MS” was adjusted to 25% in LC—MS analysis. Meanwhile, the
isolation width of precursor ions was 3.0 mass units.

Reference compounds and solvents

Seventeen reference compounds were applied in the ESI-MS
analysis, including gallic acid, catechin, trans-cinnamic acid,
hesperetin, naringenin, hesperidin, neohesperidin, naringin,
aloe-emodin, rhein, emodin, chrysophanol, physcion, 2-carboxy-
3,8-dihydroxy-1-methylanthraquinone, emodin-8-O-glucoside,
sennoside B and magnolol (Figure 1). Their structures were un-
ambiguously identified on the basis of their spectral data, and
purities were approximately 95%, as determined by HPLC ana-
lysis. HPLC-grade MeOH (Fisher, Fair Lawn, NJ) was used for

Figure 1. Structures of reference compounds in HPLC—MS" analysis.
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HPLC analysis. Deionized water was purified by a Milli-Q system
(Millipore, Bedford, MA).

Materials and sample preparation

Seven batches of Da-Huang, Zhi-Shi and Hou-Po were pur-
chased from Beijing Medicinal Materials Company (four
batches) and Beijing Renwei Material Chinese Medicine, Ltd.
(three batches), which were identified as the radix and
rhizoma of Rbheum palmatum, immature fruit of Citrus sinen-
sis and the bark of Magnolia officinalis, respectively by Prof.
Xi-Rong He (Institute of Chinese Materia Medica, China
Academy of Chinese Medical Sciences). Voucher specimens
(numbered XCQD S1, S2, S3, $4, S5, S6 and S7) were deposited
in the Institute of Chinese Materia Medica, China Academy of
Chinese Medical Sciences.

Da-Huang (rice wine processed), Zhi-Shi and Hou-Po (4:3:2),
4.5g each, were soaked in 45 mL of deionized water for
one-half hour and reflux-extracted for 40 min. The solution
was filtered through 0.45 wm membranes before use, and a
5 pL aliquot was injected into HPLC for analysis.

Results and Discussion

Altogether, 71 compounds were identified or tentatively char-
acterized in the present study. The general chemical profile of
XCQD was clarified (Figure 2). The ESI-MS behavior of 17



Figure 2. HPLC—UV chromatogram (260 nm) and total ion chromatogram of Xiao-Cheng-Qi Decoction.

reference compounds were comprehensively investigated, in-
cluding three precursors of tannins, five flavonones, eight
anthraquinones and one lignan. All compounds could be
detected in HPLC—MS-MS analysis of the XCQD sample, except
for cinnamic acid.

Fingerprint similarity analysis of XCQD

The fingerprint similarity of seven batches of XCQD was ana-
lyzed by computer aided similarity evaluation (CASE) under UV
conditions. The resolutions, areas and heights of the 20
common peaks in HPLC-UV chromatography were considered.
The similarity of each batch was more than 0.8 (Table I). The
optimization of the column, detected wavelength, pH value of
the mobile phase and gradient elution program was performed
to achieve the best resolution of peaks. The relative standard
deviations (RSDs) of precision, stability and repeatability were
individually detected at 0.42, 0.49 and 1.10%.

ESI- MS-MS analysis of gallic acid, catechin and cinnamic
acid

Gallic acid, catechin and cinnamic acid and related derivatives
originated form rhubarb. As the precursor of tannin, gallic acid
presented an [M-H] ™~ ion at 72/z 169 in the full scan mass spec-
trum. The fragment of the [M-H-CO,]  ion at m/z 125 was
shown in the MS—MS experiment. This obtained ion was not
more easily cracked in further MS® analyses (MS* the third
stage of multi-stage MS analysis).

Additionally, the fragmentation pathway of catechin (MW =
290) was investigated. Its MS-MS spectrum yielded moderate and
predominant fragments at #72/z 271 and 245, respectively, from
the [M-H] ion, which were caused by the losses of the OH
group in ring C and the rearrangement of ring A. Further MS’
experiments presented an [M-H-CO,-C,H,O]  ion at m/z 203
from its precursor ion at m2/z 245. It was yielded by the cleavage
of ring C, which has been proven by a heavy water exchange ex-
periment (15). Additionally, an [M-H-CO,-H,O] " ion at m/z 227
and [M-H-CO,-C5HgO] ™ ion at m2/z 187 were detected.

The ESI-MS of cinnamic acid revealed an [M-H]  ion at m/z 147.
Its MS-MS spectrum showed an [M-H-CO,] ™ fragment at 72/z 103.

Table |
Fingerprint Similarity of Seven Batches of XCQD
S1 S2 S3 S4 S5 S6 S7

S1 1 0.994 0.994 0.827 0.828 0.892 0.970
S2 0.994 1 0.990 0.847 0.846 0.916 0.980
S3 0.994 0.990 1 0.810 0.808 0.886 0.962
S4 0.827 0.847 0.810 1 0.999 0.965 0.934
S5 0.828 0.846 0.808 0.999 1 0.963 0.934
S6 0.892 0.916 0.886 0.965 0.963 1 0.970

S7 0.970 0.980 0.962 0.934 0.934 0.970 1

Although cinnamic acid was not directly detected in the online
analysis, its derivatives were widely found in XCQD. Cinnamic acid
was probably generated in the process of isolation (16).

Identification of tannins and their precursors
As one kind of major active constituents, tannins have been
reported to possess activities of depressurization, antivirus,
anticoagulation and other effects (17). In total, 26 tannins and
their precursors were identified in XCQD by LC—MS (Table II).
Most of these were derivatives of catechin, gallic acid and cin-
namic acid from rhubarb. T1 [MW = 332, retention time (tg) =
4.64 min], T2 (MW = 332, tzg = 5.66 min) and TS (MW = 332,
tg = 6.65 min) were three isomers of galloyl-O-glucose, which
showed [M-H]  ions at m/z 331 in full mass spectra.
The common fragments [M-H-120Da] , [M-H-glu]~ and
[M-H-glu-CO2]~ ions were observed in MS-MS spectra. The
[M-H-120Da] ™ ion at 72/z 211 was the characteristic loss of glu-
cosyl residue. In addition, the fragment [M-H-60Da] ~ ion at m/z
271 was also found, which was attributed as the cleavage of glu-
cosyl residue. In the MS® spectrum of T5, the obtained ion
yielded diagnostic ions at 211 and m/z 169 of galloyl. Due to
the different linkage position of glucose, the abundances of m/z
271 and 169 ions in these three isomers were different from
each other. According to the literature, the linkage position of
glucose should be at C1, C3 and C4 of galloyl residue (18-20).
Additionally, two other isomers of galloyl derivatives were
detected. Both T6 (MW = 494, tg = 7.33 min) and T7 (MW =
494, tg = 7.86 min) presented [M-H-180Da]  ions at m/z 313
and galloyl fragment at m2/z 169 for the parent ion at m/z 493
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Table I
HPLC—ESI-MS" Data Identification of Tannins and their Precursors in XCQD*

Number Name Tg (min) IM-HI™ (m/2) MS-MS (m/z)

T1 Galloyl-0-glu 464 331 MS? [331]: 271, 241, 211, 169, 125
MS?® [331 — 169]: 125

2 Galloyl-0-glu 5.66 331 MS? [331]: 271, 211, 169, 125
MS® [331 — 169]: 125

13 Gallic acid 6.14 169 MS? [169]: 125

T4 3, 4-Dihydroxybenzoic acid-0-glu 6.49 315 MS? [315]: 233, 153, 152, 146, 109, 108

MS® 3
15 Galloyl-0-glu 6.65 331 MS? [331]: 271

MS® [331 — 271]: 211, 169

MS* [331 — 271 — 211]: 168, 167, 149

MS® [331 — 271 — 211 — 168]: 125

15 — 153]: 109, 108

T6 Caffeoyl-0-glu-galloyl 7.33 493 MS? [493]: 331, 313, 283, 271, 241, 169
MS® [493 — 313]: 283, 191, 179, 169, 125, 97
T7 Caffeoyl-0-glu-galloy! 7.86 493 MS? [493]: 313, 169

MS® [493 — 313]: 283, 241, 223, 169, 168, 162, 125
MS* [493 — 313 — 169]: 125

T8 Catechin-0-glu 11.10 451 MS? [451]: 289, 245
MS® [451 — 289]: 247, 245, 231, 218, 205, 137
MS* [451 — 289 — 245]: 203

79 1-0-Galloyl-(2-0-acetyl)-glu 12.59 373 MS? [373]: 331, 313, 169, 125
MS® [373 — 169]: 125
T10 Caffeoyl-dihydroxy benzoic acid-0-rha 12.88 461 MS? [461]: 315, 135
MS® [461 — 315]: 149, 135
™m Dimer catechin/epicatechin 13.78 577 MS? [577); 451, 425, 407, 289

MS? [577 — 425]: 407
MS* [577 — 425 — 407]: 298, 297, 285, 283, 282, 257, 255, 243
MS® [577 — 425 — 407 — 285]: 257

T12 Catechin-0-glu 14.22 451 MS? [451]: 289, 245, 161, 147
MS® [451 — 289]: 245, 231, 205, 204, 203, 179
T13 Dimmer catechin /epicatechin 15.53 577 MS? [577): 559, 451, 425, 407, 289, 273
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MS® [577 — 425]: 4017, 273
MS* [577 — 425 — 407]: 389, 363, 297, 285, 283, 281, 255,
MS® [577 — 425 — 407 — 285]: 257, 145
T4 Catechin-0-glu 16.28 451 MS? [451]: 307, 289
MS® [451 — 289]: 245, 205, 179, 161
MS* [451 — 289 — 245]: 109
5" Catechin 17.59 289 MS? [289]: 271, 245, 205, 203, 179
MS® [289 — 245]: 227, 203, 187, 175, 161
MS* [289 — 245 — 203]: 175
T16 Catechin-0-glucose-malonate 20.70 537 MS? [537]: 493
MS® [537 — 493]: 451, 289, 245
MS* [537 — 493 — 289]: 245, 230, 205
7 Catechin-0-glucose-malonate 21.31 537 MS? [537): 493, 451, 289
MS® [537 — 493]: 451, 289
MS* [537 — 493 — 289]: 245, 209, 205, 203, 175, 167
T18 Dimmer catechin/epicatechin 22.20 577 MS? [577): 559, 451, 425, 407, 289
MS?® [577 — 425]: 407
MS* [577 — 425 — 407]: 389, 297, 293, 285, 281, 256, 239,
MS® [577 — 425 — 407 — 285]: 257
T9 Catechin-0-glu(OAc) 22.87 493 MS? [493]: 475, 455, 448, 298, 289, 245
MS® [493 — 289]: 245, 231, 206, 188
MS* [493 — 289 — 245]: 161
T20 Dimmer catechin-0-gallolyl 23.85 729 MS? [729]: 577, 559, 451, 425, 407
MS® [729 — 577]: 559, 451, 425, 407, 289
MS* [729 — 577 — 407]: 284, 269
[
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™ Epicatechin 2457 289 MS? [289]: 245, 205, 203, 179
MS? [289 — 245]: 227, 217, 203, 188, 187, 161
122 Catechin-O-galloy! 30.48 441 MS? [441]: 331, 289, 169

MS® [451 — 289]:245, 205, 203, 175
MS? [451 — 289 — 245]: 161

123 Hydroxycinnamic acid-gallic acyl-0-glu 30.71 477 MS? [477]: 313, 169
MS?® [477 — 313]: 223, 169
T24 Cinnamoyl-0-glu-glu-0-galloyl 4134 623 MS? [623]: 475, 461, 313

MS® [623 — 475]: 457, 331, 313, 169
MS* [623 — 475 — 313]: 169, 151
T25 Cinnamoyl-glucose-0-galloyl 47.68 461 MS? [461]: 313
MS® [461 — 313]: 169, 151, 125
MS* [461 — 313 — 169]: 125
T26 Cinnamoyl-glucose-0-galloyl 53.55 461 MS? [461]: 313, 253, 211, 169
MS? [461 — 169]: 125

*Note: Bold characters indicate the base peaks in MS" spectra.
"Structures confirmed by comparison with reference standards.
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Figure 3. ESI-MS" spectra for T13, the dimer of catechin/epicatechin.

in their MS—MS spectra. According to the literature, the neutral
loss of 180 Da fragment should be deduced as caffeoyl
(3,4-dihydroxy-cinnamic acid) (13). In the MS® experiment of
the [M-H-180Da] ~ ion, m/z 169 was observed as the base peak.
Caffeoyl and galloyl should attach separately at the different
positions of glucose. Thus, T6 and T7 were identified as
caffeoyl-O-glucose-galloyl (21-23).

T9 (MW =374, tg=1259min) was identified as
galloyl-O-glu(OAc) because of the characteristic acetylase glu-
coside loss of 204 Da from the galloyl group. The galloyl
residue at m/z 169 was detected as the base peak. T9 was
assigned as 1-O-galloyl-(2-O-acetyl)-glucose (24).

Additionally, 13 catechin derivatives were detected in
XCQD. Catechin (T15, MW = 290, tgx = 17.59 min) was identi-
fied by comparison with the reference. Its isomer T21 at tg =
24.57 min was deduced as epicatechin based on their identical
ESI-MS behavior and eluting order in the chromatogram (25).
Three catechin dipolymers (T11, T13 and T18; MW = 578)
were observed at tg = 13.78, 15.53 and 22.20 min, respectively.
Their molecular weights were of accord with the formula
MW = 290 + (n—1) x 288 (15). All showed similar fragmenta-
tion patterns in their MS" spectra. The [M-H-CgHgOs] ™ ion at
m/z 425 was the base peak in their MS-MS spectra, which was
attributed as the Retro Diels-Alder (RDA) reaction of ring
C. Meanwhile, the [M-H-H,O]™ ion at m/z 559 and catechin
fragment at m/z 289 were clear. Further MS® experiments
revealed an [M-H-CgHgO3-H,O]  fragment at m/z 407 for the
parent ion at m/z 425. In the Mms* spectra (MS*: the fourth
stage of multi-stage MS analysis), this obtained ion yielded an
m/z 285 fragment, which was attributed as RDA cracking in
the other catechin. The further loss of CO at m/z 257 could be

detected in the MS® experiment of m/z 285 (Figure 3) (MS>:
the fifth stage of multi-stage MS analysis). Generally, catechin
always attached to each other at the 4 — 8 position, forming
dipolymers. T11, T13 and T18 were regarded as dipolymers of
catechin or epicatechin, which could not be discriminated by
using their MS" spectra.

Meanwhile, a catechin dipolymer adducted with galloyl was
detected at 23.85 min (T20, MW = 730). Its MS-MS spectrum
yielded a catechin dipolymer ion at m2/z 577. The neutral loss
of 152 Da was deduced as the fragment of galloyl acid residue.
In the following MS® experiment, the MS behavior of m/z 577
was the same with the dipolymers of catechin/epicatechin
(T11, T13 and T18). The characteristic ions due to the continu-
ous RDA cracking, the loss of H,O and catechin were observed.
Tripolymers and tetramers of catechin, which could be found
in rhubarb, were not detected in XCQD (17). This may be
because of the hydrolysis in the decoction process.

Furthermore, three catechin-O-glucose isomers (T8, T12 and
T14) were identified at 11.10, 14.22 and 16.28 min. All yielded
[M-H-162Da] " ions at m2/z 289 in MS-MS spectra. The obtained
aglycone ion generated a special [M-H-CO,]  ion at m/z
245, which was identical to catechin. In addition, catechin-
0O-glu(OAc) was found at 22.87 min (119, MW = 494) due to
the loss of 204 Da in its MS-MS spectrum (26).

Additionally, T16 (MW =538, tz=20.70 min) and T17
(MW = 538, tg = 21.37 min) were detected as another type of
catechin glycosides. In their MS-MS spectra, the first loss of 44
Da indicated the cleavage of COOH. Further MS® spectra
revealed the loss of 204 Da and yielded a catechin ion at m/z
289. All of this information supported the existence of glucose-
malonate. The gradual neutral loss of 44 Da and 204 Da were
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considered to be the characteristic MS fragmentation of
glucose-malonate, which has been comprehensively reported
in rhubarb (27). Thus, T16 and T17 were deduced to be two
isomers of catechin-O-glucose-malonate.

Apart from these, T25 (MW = 462, tg = 47.68 min) and T26
(MW = 462, tg = 53.35 min) presented [M-H]  ions at m/z 461
in full scan mass spectra. The neutral loss of 148 Da at m/z
313 in their MS-MS spectra indicated the substitution of cinna-
moyl. Further MS> spectra gave an [M-H-cinnamoyl-glu]~ ion at
m/z 169. This obtained ion produced a characteristic ion of
galloyl at m/z 125. Thus, T25 and T26 were identified as a
couple of isomers of cinnamoyl-O-glucose-O-galloyl (20, 28).
Additionally, the cinnamoyl-O-glucose-glucose-O-galloyl (124,
MW = 624, tg =41.34 min) was detected, which presented
one more sugar than T25 and T26.

ESI- MS-MS analysis of flavonones
ESI-MS-MS analysis of five flavonones was performed, including
naringenin, naringin, hesperetin, hesperidin and neohesperidin.
In the negative ion model, naringenin gave an [M-H| ion at
m/z 271 in full scan mass spectrum. Due to the RDA reaction
at ring C, its MS-MS spectrum showed the base peak at m/z
151. The special moderate ion caused by the loss of ring B at
m/z 177 was also found. In the low molecular weight range,
the fragments at m/z 119 and 93 were attributed as the colli-
sion fragments of ring B (29).
Naringin (naringenin-7-O-neohesperidose) revealed a differ-
ent fragmentation pattern from naringenin. The frequent

Figure 4. ESI-MS" spectra for naringin.
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collision of neohesperidose yielded an [M-H-120Da] "~ ion at m2/
z 459 and an [M-H-rha-120Da]  ion at m2/z 313 in the MS-MS
spectrum. Among them, 72/ z 459 was shown as the base peak.
The [M-H-rha]™ ion at m/z 433 was also observed, but it was
not obvious. In the MS® experiment of aglycone ion at m/z
271, the [M-H-rha-glu-60Da]”~ fragment at m2/z 211 was found
as the base peak, which was totally different from that of narin-
genin (Figure 4). However, the aglycone fragmentation of
naringenin-4’-O-glycosides was almost the same as naringenin
(30). This was atrtributable to the acidity difference of 7-OH
and 4'-OH.

Hesperidin (hesperetin-7-O-glu-1,6-tha) and neohesperidin
(hesperetin-7-O-glu-1,2-rha) were also investigated in this
study. The structure difference between these two isomers
only existed in the attached position of outer rhamnose at the
C-7 position. Apart from the aglycone ion at m/z 301, a series
of [M-H-120Da] , [M-H-rha-120Da]  and [M-H-rha-glu]™ ions
was observed in the MS? spectrum of neohesperidin (MS*: the
second stage of multi-stage MS analysis). However, in the MS”
analysis of hesperidin, only the [M-H-rha-glu]™ ion at m/z
301 was found. Thus, [M-H-120Da]  and [M-H-rha-120Da]”
ions seemed to be the characteristic ions of flavanone
7-O-neohesperidose glycoside (Figure 5).

Identification of flavanones

According to the ESI-MS analysis of five reference compounds,
13 flavanones were detected in XCQD (Table III). These types
of flavanones were from Fructus Aurantii Immaturus.



Figure 5. ESI-MS? spectra: hesperidin (A); neohesperidin (B).

F1 (MW = 758, tg = 27.92 min) first presented an [M-H]  ion
at m/z 757. Its MS-MS spectrum gave the base peak at m/z
449, indicating the loss of glucose and rhamnose. The moder-
ate peak at m/z 595 was attributed to be the rupture of
glucose from the other position of aglycone. Meanwhile, the
aglycone ion was shown to be the base peak at m/z 287 in the
MS® spectrum, which was attributed as OH-naringenin.
Additionally, RDA clicking yielded a fragment at m/z 151 in
the further MS* spectrum. Compared with naringenin, the
linkage of additional OH should be on ring B. Thus, this agly-
cone was deduced as eriodictyol (4'-OH-naringenin).
According to the abundance of diagnostic ions, two sugar
chains should attach at C7 and C4’, respectively. Therefore, F1
was tentatively identified as eriodictyol-4’-O-glu-7-O-glu-1,6-rha
3.

With the same aglycone as F1, F2 (MW =590, tz=
3243 min) and F3 (MW = 5960, tz = 34.25 min) were observed
as a pair of eriodictyol-glycoside isomers. In the MS-MS spec-
trum of F2, the loss of rutinoside yielded a base peak at m/z
287. The characteristic ion at m2/z 151 was found in a further
MS? spectrum. According to the literature, F2 was deduced as
eriodictyol-7-O-rutinoside from Fructus Aurantii Immaturus
(32). As a comparison, F3 presented a predominant
[M-H-OH-120Da] ~ ion at m2/z 459 in the MS-MS spectrum, indi-
cating the existence of neohesperidose (glu-1,2-rha). The agly-
cone ion at m/z 287 was also observed. In the further MS’
experiment of m/z 459, fragments at m/z 441, 357 and 235
were detected. Thus, F3 was tentatively identified as
eriodictyol-7-O-neohesperidose (33, 34). This conclusion was
also supported by the elution order (glu-1,2-rha eluted faster

than glu-1,6-rha) of F2 and F3, which depended on their polar-
ity difference.

As a flavonone glycoside with three sugars, F4 was observed
at tg = 37.25 min with [M-H]~ ion at m/z 771. Its MS-MS spec-
trum revealed an aglycone ion at m/z 301 as the base peak.
The loss of sugar residues ions at 72/z 609, 489 and 343 were
detected with low abundances. According to their abundance
patterns, three sugars were deduced as one substitution chain
on the aglycone (35). The existence of an [M-H-glu]  ion at
m/z 609 and an [M-H-glu-120Da-rha]™ ion at m/z 343 indi-
cated that rhamnose and one glucoses were attached on the
other sugar. In the MS® of the aglycone ion at m/z 301, the
fragments were identical with hesperetin. Therefore, F4 was
assigned as hesperitin-7-O-(rha, glu)-glu.

F7 (MW = 750, tg = 43.60 min) presented an [M-H]|~ ion at
m/z 755 in full scan mass spectrum. Its MS-MS spectrum
clearly generated the [M-H-rha]  ion at m/z 609 and
[M-H-rha-120Da] ~ ion at m/z 489, which supported the exist-
ence of glu-1,2-rha. Meanwhile, the aglycone ion at m/z 301
was found to be the base peak. The special ions at m/z 286,
242 in the further MS® experiment of m2/z 301 indicated that
its aglycone was hesperetin. In accordance with the literature,
F7 was deduced as hesperetin-7-O-(2”,6”-di-O-rha)-glu (306).

By comparison with standards, F8 (MW =610, tgz=
44.14 min) and F9 (MW = 610, tg =45.45 min) were unam-
biguously identified as hesperidin (hesperetin-7-O-glu-1,2-rha)
and neohesperidin (hesperetin-7-O-glu-1,6-rha) (Figure 6).

In addition, naringenin and its derivatives were detected as
the other important flavonone aglycones in XCQD. In the
extract ion chromatograms (XIC) of m/z 579 (Figure 6), F5
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Table 11l
HPLC—ESI-MS" Data Identification of Flavonones in XCQD*
Tr (min)

Number Name

[M-H

1™ (m/2)

MS-MS (m/z)

F1 Eriodictyol-4’-0-glu-7-0-glu-1,6-rha 27.92

F2 Eriodictyol-7-0-rutinoside 32.34

F3 Eriodictyol-7-0-neohesperidose 34.25

F4 Hesperitin-7-0-(rha, glu)-glu 37.25

F5 Isonaringin 38.83

F6' Naringin 40.84

F7 Hesperetin-7-0-(2",6"-di-0-rha)-glu 43.60

Fg' Hesperidin 4414

Fo' Neohesperidin 45.45

F10 Dihydroxy-methoxy-flavonone-O-rutinoside 57.80

F11' Naringenin 58.72

F12' Hesperetin 62.44

F13 Naringenin-7-0-glu(OAc)-1,6-rha 75.01

757

595

595

il

579

579

755

609

609

593

27

301

621

MS? [757]: 595, 449, 287

MS® [757 — 449]: 287

MS* [757 — 449 — 287]: 151, 135

MS? [595]: 287

MS? [595 — 287): 151

MS* [595 — 287 — 151]: 107, 65

MS? [595]: 459, 235

MS® [595 — 459]: 441, 357, 339, 295, 271, 235, 211, 205, 203, 193, 151
MS* [595 — 459 — 235]: 217, 205, 191, 179

MS* [595 — 459 — 357]: 339, 169, 151, 150

MS? [771]: 609, 489, 447, 343, 301

MS® [771 — 301]: 286, 283, 257, 242, 228, 199, 164

MS* [771 — 301 — 286]: 258, 242, 240, 227, 215, 199, 185, 125
MS? [579]: 271

MS® [579 — 271]:183, 177, 169, 165, 151, 119, 107

MS* [579 — 271 — 151]: 107

MS? 1579]: 459, 441, 433, 313, 271, 235

MS® [579 — 459]: 441, 357, 339, 271, 267, 235, 211, 151
MS* [579 — 459 — 357]: 339, 191, 151

MS? [755]: 609, 489, 325, 301

MS® [755 — 301]: 286, 283, 258, 257, 242, 227

MS* [755 — 301 — 286]: 258, 242, 216, 215, 177, 174

MS? [609]: 301

MS® [609 — 301]: 286, 283, 258, 257, 242, 199

MS? [609]: 489, 343, 301

MS® [609 — 301]: 286, 283, 268, 258, 257, 242

MS* [609 — 301 — 286]: 258, 242, 240, 215, 199, 198, 174, 161
MS? [593]: 285

MS® [5693 — 285]: 270, 267, 255, 243, 241, 198, 175, 164
MS* [593 — 285 — 243]: 229, 215

MS? [271]: 177, 151, 119, 107, 93

MS® [271 — 151]: 107

MS? [301]: 286, 283, 268, 258, 257, 242, 241, 227, 215, 199, 125
MS® [301 — 286]: 268, 258, 257, 242, 215, 201, 199, 174
MS* [301 — 286 — 242]: 199

MS? [621]: 579, 561, 533, 519, 501, 483, 459, 417, 339, 271
MS® [621 — 501]: 381, 369, 357, 339, 336, 296, 217, 177, 151
MS* [621 — 501 — 357]: 339, 169, 151

*Note: Bold characters indicate the base peaks in MS" spectra.
TStructures confirmed by comparison with reference standards.

Figure 6. XIC of 579 (F5 and F6) and 609 (F8 and F9).

and F6 were observed at 38.83 and 40.84 min, respectively. F6
was unambiguously identified as naringin (naringenin-7-O-
glu-1,2-rtha) by comparison with the reference. Its
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characteristic ion was found at m/z 459 . However, F5 exhib-
ited different ESI-MS. In its MS-MS spectrum, the [M-H| ion at
m/z 579 yielded the base peak at m/z 271, indicating the agly-
cone of naringenin. The neutral loss of 308 Da group resulted
from the cleavage of the glu-rha group. In terms of the ESI-MS
fragmentation analysis of rutinose and neohesperidose, F5 was
identified as isonaringin (naringenin-7-O-glu-1,6-rha) (37).

The [M-H]™ ion of F13 at m/z 621 produced an
[M-H-120Da]~ ion at m/z 501 as the base peak in its MS-MS
spectrum. At the same time, the diagnostic ion at #2/z 459 and
the aglycone ion at m/z 271 were found. The MS® experiment
of m/z 501 gave special ions at m/z 357 and 151, which were
identical to those of naringin. Thus, F13 was deduced as
naringenin-7-O-glu(OAc)-1,6-rha (38).

Additionally, a flavonone glycoside with di-OH-OCH3-
flavanon aglycone was observed. F10 was detected at 57.80 min
and revealed an [M-H]| ™ ion at m/z 593. Its MS-MS spectrum
yielded a product ion at m/z 285 as the base peak. This
obtained aglycone ion produced an [M-H-glu-rha-CH2]  ion at
m/z 270 and an [M-H-glu-tha-CO-CH2]  ion at m/z 243.
According to the literature, F10 was deduced as dihydroxy-
methoxy-flavonone-O-rutinoside (39).



Figure 7. ESI-MS" spectra of sennoside B.

ESI- MS-MS analysis of anthraquinones

In total, eight anthraquinones were isolated from XCQD as
references consisting of six aglycones, one glycoside and sen-
noside B.

In the MS-MS spectrum of chrysophanol (MW = 254), a
product ion at m/z 225 was obtained from its [M-H|  ion. The
neutral loss of 28 Da was caused by the cleavage of CO from
C-10. The other dominant peak at 72/z 210 was formed by the
drop of CO and CHj together. The fragment at 72/z 182 in the
MS® experiment indicated continued loss of CO from the other
ketone. Emodin (MW = 270) and aloe-emodin (MW = 270)
were two isomers with the same [M-H]  ion at m/z 269.
Emodin revealed an [M-H-CO]~ ion at m/z 241 and an
[M-H-CO;]™ ion at m/z 225 in the MS-MS spectrum. However,
[M-H-CHO] ™ ion at m/z 240 was considered to be the charac-
teristic ion of aloe-emodin. MS® spectrum of m/z 240 yielded
the fragment at m/z 211, which was attributed as the succes-
sive loss of the CHO group. Meanwhile, physcion (MW = 284)
and rhein (MW = 284) were the other two isomers. Physcion
yielded the [M-H-15Da] " ion in the MS-MS spectra, which was
attributed to the loss of the methyl group. The further loss of
CO from this obtained ion produced an [M-H-CH3-CO]  ion at
m/z 240. Additionally, a series of even-numbered ions seemed
to be the characteristic ions of physcion (15). As a comparison,
rhein showed an [M-H-C2H2|  ion at m/z 257 and an
[M-H-CO2] ™ ion at m/z 239 in the MS—MS spectrum.

In addition, 2-carboxy-3,8-dihydroxy-1-methylanthraquinone
revealed an [M-H] ™~ ion at m/z 297 in the full scan mass spec-
trum. The [M-H-CO2]™ ion at m/z 253 was found to be the
base peak in the MS-MS spectrum. Similar to the cleavage of

chrysophanl, its MS® spectrum yielded a product ion at m/z
225.

Apart from free anthraquinones, emodin-8-O-glucoside
(MW = 432) was also isolated from XCQD, which was the rep-
resentative  anthraquinone  glycoside in rhubarb. An
[M-H-120Da] ~ ion at m2/z 311 was found to be the cleavage of
glucose in the MS-MS spectrum. The aglycone ion at m2/z 269
was shown to be the base peak. Identical to the fragmentation
of emodin, the aglycone ion also yielded special ions at m/z
241 and 225 in the MS® spectrum.

In addition, as the typical compound of dianthrones, senno-
side B (MW = 862) was detected in XCQD. In the MS-MS spec-
trum, sennoside B showed an [M-H-glu] ™~ ion at m2/z 699 as the
base peak, and an [M-H-CO2]™ ijon at m/z 817 and an
[M-H-glu-glu] ~ ion at m/z 537 were observed as the moderate
peaks. Meanwhile, two low abundance peaks at m2/z 741 and
579 were shown in the MS-MS spectrum, which was gradually
produced by the elimination of glucosyl residue. Except for the
base peak at m/z 537, the [M-H-glu-CO2]~ ion at m/z 655 and
the [M-H-glu-120Da] ion at m/z 579 were significant in the
MS? spectrum of [M-H-glu] ™ ion at m2/z 699 (Figure 7).

Identification of anthraquinones

As the representative compounds from rhubarb, 31 anthraqui-
nones were detected in the present study (Table IV). By com-
parison with references, six free anthraquinones were detected,
including 2-carboxyl-3,8-dihydroxyl-1-methylanthraquinone (A21),
aloe-emodin (A27), rhein (A28), emodin (A29), chrysophanol
(A30) and physcion (A31).
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Table IV

HPLC—ESI-MS" Data Identification of Anthraquinones in XCQD*

Number

Name

Tg (min)

[M-H]™ (m/2)

MS-MS (m/z)

Al
A2
A3
A4
A5

A6’

A7
A8

A9

A10

Al

A12
A13
Al4

A15

Al16

A7

A8

A19

A20

Vil

A22

A23

A24

A25

A26

A27"

A28"

A29"

A30"

Chrysophanol-sinapoy!

2-Carboxyl-3,8-dyhydroxyl-1-methylanthraquinone-glu

Aloe-emodin-sinapoy!
Chrysophanol-sinapoy!
Sennoside

Sennoside B

Edomin-0-glu-rha
Hydroxide-rhein-0-rha-glu

Sennoside

Sennoside

Sennoside

Hydroxide-rhein-0-rha-glu
Physcion-0-glu(OAc)
Edomin-0-glu

Sennoside

Chrysophanol-8-0-glu

Carboxylation—methyl-dianthrone-0-glu-glu

Emodin-8-0-glu

Emodin-0-(6'-0-malonyl)-glu

Aloe-emodin-0-glu(OAc)

2-Carboxyl-3,8-dihydroxyl-1-methylanthraguinone

11-0-Acetyl-aloe-emodin-0-glu-xy!

Emodin-0-glu

Dicarboxylation-dianthrone-0-glu-glu(OAC)

Feruloyl-aloe-emodin-methoyl-cinnamoy! ester

Acetyl-chrysophanol-0-glu-xyl

Aloe-emodin

Rhein

Emodin

Chrysophanol

28.89

36.11

39.74

43.38

49.26

51.34

51.81
53.34

55.54

56.39

56.63

57.09

59.22

59.50

61.91

64.48

65.03

65.52

66.01

66.84

67.20

69.34

69.54

70.29

71.65

7217

74.05

75.61

82.33

85.29

459

459

475

459

847

861

577
607

861

861

847

607

487

431

861

415

831

431

517

473

297

605

431

903

605

589

269

283

269

253

MS? [459]: 415, 295, 253
MS® [459 — 253]: 253, 239, 225, 166
MS? [459]: 297

MS® [459 — 297]: 279, 261, 253, 235, 209, 191, 176, 165

MS? [475]: 431, 311, 283, 269
MS® [475 — 269]: 269, 240, 201
MS? [459]: 295, 267, 253

MS? [459 — 253]: 253, 198

MS? [847): 803, 685, 684, 667, 641, 640, 523, 479, 386

MS® [847 — 685]: 668, 641, 623, 523, 505, 479, 462, 449, 386, 370, 225

MS? [861]: 817, 699, 698, 655, 537

MS® [861 — 699]: 655, 654, 537, 535, 493
MS* [861 — 699 — 537]: 519, 493, 449, 224
MS? [577]: 269

MS® [577 — 269]: 269, 224, 201, 200, 196, 181
MS? [607]: 299, 284

MS? [607 — 299]: 284

MS? [861]: 817, 699, 698, 655, 537

MS® [861 — 699]: 655, 537, 536, 535, 519, 493, 492

MS* [861 — 699 — 537]: 519, 494, 492
MS® [861 — 699 — 537 — 492]: 447
MS? [861]: 817, 699, 698, 655, 654, 611, 537

MS® [861 — 699]: 681, 655, 654, 593, 579, 549, 537, 536, 535, 493, 492, 475, 387,

MS? [847): 803, 685, 684, 667, 641, 640, 523, 479, 386
MS® [847 — 685]: 668, 641, 640, 523, 479, 462, 386, 225, 224

MS* [847 — 685 — 386): 224

MS? [607]: 341, 299, 284

MS® [607 — 299]: 284

MS? [487]: 283, 269, 263, 239

MS® [487 — 239]: 211

MS? [431]: 269

MS® [431 — 269]: 269, 241, 225, 210, 183
MS? [861]: 817, 699, 698, 697, 655, 537
MS® [861 — 699]: 655, 537, 536, 493, 386

MS* [861 — 699 — 537]: 519, 493, 492, 450, 224

MS? [415]: 325, 295, 277, 267, 253, 237
MS® [415 — 253]: 226, 225
MS? [831]: 669, 668, 651, 624, 386

MS® [831 — 669]: 625, 580, 507, 506, 464, 463, 461, 446, 386, 268

MS* [831 — 669 — 386]: 224

MS? [431]: 311, 293, 269, 268

MS® [431 — 269]: 269, 241, 225

MS* [431 — 269 — 225]: 210, 182

MS? [517): 473

MS® [517 — 473]: 311, 269

MS* [517 — 473 — 269]: 269, 241, 225, 224
MS® [517 — 473 — 269 — 225]: 198
MS? [473]: 268

MS® [473 — 268]: 268, 267

MS? [297]: 253

MS® [297 — 253]: 253, 238, 225

MS? [605]: 311, 283, 269, 268

MS® [605 — 311]: 283, 269, 268

MS* [605 — 311 — 268]: 240

MS? [431]: 268

MS® [431 — 268]: 268, 267, 240, 226, 224
MS? [903]: 859, 697, 458

MS® [903 — 859]: 697, 458, 441, 416
MS* [903 — 859 — 458]: 267, 255, 254
MS? [605]: 561

MS® [605 — 561]: 413, 269, 268, 240
MS* [605 — 561 — 268]: 240

MS® [605 — 561 — 268 — 240]: 212, 211
MS? [589]:457, 295, 253, 252

MS? [589 — 253]: 225, 224

MS? [269]:269, 240

MS® [269 — 240]:211

MS? [283]: 257, 241, 239

MS® [283 — 257]: 257, 241, 239

MS* [283 — 257 — 239]: 257, 229, 212, 195
MS? [269]: 241, 225, 211

MS® [269 — 225]: 197

MS? [253]: 225, 210

MS® [253 — 225]: 182
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Table IV Continued

Number Name Tg (min)

[M-H]™ (m/2)

MS-MS (m/z)

A31" Physcion 85.74 283

MS? [283]: 268, 240

*Note: Bold characters indicate the base peaks in MS" spectra.
"Structures confirmed by comparison with reference standards.

A18 was definitely identified as emodin-8-O-glucoside
(MW = 432, tg = 65.52 min) by comparison with the reference.
Al4 (MW =432, tg =59.50 min) and A23 (MW= 432, tR=
69.54 min) were clearly detected as two isomers of A18. Their
MS-MS fragmentations presented [M-H-glu]  and [M-H-glu]
ions at m/z 269 and 268, respectively. The presence of a
radical ion in A24 was caused by the different substitution posi-
tions of glucose and the different negative center on the agly-
cone ions. By referring to the literature, A14 and A23 were
assigned as emodin-1-O-glucoside and emodin-5-O-glucoside,
respectively (40).

A16 (MW =416, tg = 64.48 min) showed an [M-H] ion at
m/z 415 in the negative ion scan mode. Its MS-MS spectrum
clearly revealed the base peak at m2/z 253. In addition, the
[M-H-120Da] "~ ion at m2/z 295 was obvious. Combined with the
ion obtained at m/z 225 in the MS> experiment, A16 was
deduced to be chrysophanol-8-O-glucoside (41).

Apart from monoglycosides, anthraquinone with two sugars
were also detected in XCQD. A26 (MW = 590, tg = 72.17 min)
presented a base peak at 72/z 253 in the MS-MS spectrum, elu-
cidating the existence of chrysophanol aglycone. The moderate
peak at m/z 295 was also found, which originated from the
cleavage of glycoside. In all, the neutral loss of 336 from the
[M-H]™ ion was attributed to be the cleavage together of
glu(OAc) and xylose groups. Meanwhile, the [M-H-xyl] ™ ion at
m/z 457 was detected as a low abundance peak. Thus, A26
was deduced as chrysophanol-O-glu(OAc)-xyl.

In the MS-MS spectrum of A3 (MW =476, tg = 39.74 min),
the [M-H-44Da] " ion at m/z 431 was found to be the predom-
inant peak. This obtained ion was subjected to MS? analysis to
generate an aglycone ion at #2/z 269 as the base peak. The suc-
cessive losses of 44 Da and 162 Da were in accordance with
the sinapoyl group. Meanwhile, the characteristic ion at m/z
240 was found in the low molecular region, which was identi-
cal to aloe-edomin. Thus, A3 was assigned as aloe-edomin-
sinapoyl

A19 (MW = 518, tzg = 66.01 min) showed a frequent neutral
loss of 44 Da and 204 Da in the MS-MS and MS? spectra, which
was considered to be the diagnostic fragmentation of glucose-
malonate. The characteristic ions of emodin at m/z 241 and
225 were found in further MS* experiments. Based on the
references, A19 was deduced as emodin 8-O-(6'-O-malonyl)-
glucoside (42).

A20 (MW = 474, tg = 66.84 min) gave an [M-H| ion at m/z
473 in the full scan mass spectrum. Its MS-MS spectrum
showed an [M-H-204Da]” ion at 268 as the base peak. The
neutral loss of 204 Da was attributed as the loss of glu(OAc). In
the further MS® spectrum of 72/z 268, the characteristic ion at
m/z 240 indicated that the aglycone of A20 was aloe-emodin.
Thus, this compound was identified as aloe-emodin-O-
glu(OAc).

A22 and A26 were additionally detected as two acetylated
anthraquinone glycosides. In the MS-MS spectrum of A22
(MW = 606, tg = 069.34 min), [M-H-glu-xyl]  ion at m/z 311
was detected as the base peak. The further MS® experiments of
this ion exhibited the [M-H-glu-xyl-acetyl]™ ion at m/z 268 as
the base peak. In addition, two small peaks at 72/z 283 and 269
were found. In the MS* spectrum of m2/z 268, the characteris-
tic ion of aloe-emodin at m/z 240 was detected. Thus, the
aglycone ion at m/z 311 of A22 was deduced as acetyl-aloe-
emodin. According to the literature, the acetyl group should
attach at the C-11 position (43). Therefore, A22 was identified
as 11-O-acetyl-aloe-emodin-glu-xyl.

Similar to A22, A26 (MW =589, tg = 72.17 min) presented
[M-H-glu-xyl] ™ as the significant ion at #2/z 295 in the MS-MS
spectrum. The [M-H-glu-xyl-acetyl]” ion at m/z 253 was
shown as the base peak. With the further MS® fragments at m/
z 224 and 225 taken into consideration, the aglycone of A26
was deduced as acetyl-chrysophanol. Therefore, A26 was attrib-
uted as acetyl-chrysophanol-glu-xyl.

However, as the isomer of A22, A25 (MW = 600, tg=
71.65 min) presented different ESI-MS fragmentations. In the
MS-MS spectrum, an [M-H-CO,]™ ion at m/z 561 was found
as the base peak. The MS$S®> spectrum exhibited the
[M-H-feruloyl]  ion at m/z 413 as moderate peak and the
[M-H-feruloyl-methoxyl-cinnamoyl]~ ion at m/z 268 as the
base peak. In the Mms* spectrum of m/z 268, the characteristic
ion of aloe-emodin at 72/ z 240 was clearly observed. Two posi-
tions of aloe-emodin were substituted. Methoxyl-cinnamoyl
contacts with aloe-emodin by ester bond. Thus, A25 was tenta-
tively deduced as feruloyl-aloe-emodin-methoxyl-cinnamoyl
ester.

Rhein glycoside was also detected as A13 (MW =488, tg =
59.22 min) in XCQD. Its MS-MS spectrum gave the base peak at
m/z 239. Meanwhile, an ion with natural loss of 204 Da at m/z
283 was presented as the moderate peak, which indicated the
existence of glu(OAc). Further MS® analysis of m/z 239 also
supported the existence of rhein aglycone. Therefore, A13 was
characterized as rhein-8-O-glu (OAc) (13).

Additionally, as an important type of anthraquinone, six
sennosides have been reported from rhubarb species (senno-
sides A—F) (44). In XCQD, XIC of m/z 847 gave A5 and All
at tg =49.26 and 506.63 min, respectively. Almost the same
fragmentations were presented in their MS" spectra. The con-
tinuous neutral loss of glucosyl residue at #72/z 685 and 543
were found in MS® and MS® spectra. Their structures were
identified as sennodides C and D. Additionally, three isomers
of sennodide B (A6, MW =862, tz=51.34 min) were
detected at 55.54, 56.39 and 61.91 min. It was very difficult
to discriminate them only by their MS spectra. Sennoside A
and its isomer should be included in these three compounds

(13, 45).
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ESI-MS-MS analysis of magnolol

Magnolol was observed at 86.97 min. The [M-H]  ion at m/z
265 was presented in the full mass scan spectrum. This
obtained ion produced an [M-H,O-H] ™ ion at m/z 247 as the
base peak in the MS? spectrum. This ion was resulted from the
dehydration of two phenolic hydroxyls. Meanwhile, the
[M-C3Hs-H]™ peak at m/z 224 was observed, which was
caused by the loss of the propylene branch (47, 48). Magnolol
seemed to be the representative constituents from Cortex
Magnoliae Officinalis. However, the content was very low.
Cortex Magnoliae Officinalis primarily contributed its volatile
components in the prescription.

Conclusions

In the present paper, an HPLC—ESI-IT-MS method was devel-
oped for chemical profile analysis of XCQD. In total, 26 tannins
and their precursors, 13 flavanones, 31 anthraquinones and
magnolol were identified or tentatively characterized by their
MS fragmentations and chromatographic behavior. T10, T16,
T24, T25, A2, A3, A4, Al12, Al7, A24, A25 and A26 were
reported in this paper for the first time. Additionally, the
ESI-MS fragmentation patterns of three flavanone glycosides
(naringin, hesperidin and neohesperidin) were investigated.
The mass spectra difference between hesperidin and neohe-
speridin was clarified. In this investigation, the contents of fla-
vonones from Fructus Awrantii Immaturus presented
relatively higher amounts than anthraquinones. This was identi-
cal to the determination results of XCQD (46). Therefore, it
was suggested that flavanones and anthraquinones should be
used together for the quality control of XCQD. The further
synergistic effect study of tannins, flavanones and anthraquin-
one should be conducted.
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