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a b s t r a c t

Identification of components and metabolites of traditional Chinese medicines (TCMs) employing liquid
chromatography-quadrupole time-of-flight mass spectrometry (LC-Q-TOF MS) techniques with
information-dependent acquisition (IDA) approaches is increasingly frequent. A current drawback of
IDA-MS is that the complexity of a sample might prevent important compounds from being triggered in
IDA settings. Sequential window acquisition of all theoretical fragment-ion spectra (SWATH) is a data-
independent acquisition (DIA) method where the instrument deterministically fragments all precursor
ions within the predefined m/z range in a systematic and unbiased fashion. Herein, the superiority of
SWATH on the detection of TCMs’ components was firstly investigated by comparing the detection ef-
ficiency of SWATH-MS and IDA-MS data acquisition modes, and sanguisorbin extract was used as a mode
TCM. After optimizing the setting parameters of SWATH, rolling collision energy (CE) and variable Q1
isolation windows were found to be more efficient for sanguisorbin identification than the fixed CE and
fixed Q1 isolation window. More importantly, the qualitative efficiency of SWATH-MS on sanguisorbins
was found significantly higher than that of IDA-MS data acquisition. In IDA mode, 18 kinds of sangui-
sorbins were detected in sanguisorbin extract. A total of 47 sanguisorbins were detected when SWATH-MS
was used under rolling CE and flexible Q1 isolation window modes. Besides, 26 metabolites of sangui-
sorbinswere identified in rat plasma, and their metabolic pathways could be deduced as decarbonylation,
oxidization, reduction, methylation, and glucuronidation according to their fragmental ions acquired in
SWATH-MS mode. Thus, SWATH-MS data acquisition could provide more comprehensive information for
the component and metabolite identification for TCMs than IDA-MS.
© 2019 Xi'an Jiaotong University. Production and hosting by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Prototype constituents and metabolites of traditional Chinese
medicines (TCMs) are the promising sources for discovering new
drugs since they all may be pharmacologically active substances
University.
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[1e3]. So far, the detection of constituents and metabolites for TCM
is still a challenge, due to low exposure of prototype components,
complex metabolic pathways, and massive endogenous interfer-
ence [4e7]. High-resolution MS, especially the hybrid quadrupole
time-of-flight mass spectrometry (Q-TOFMS), has become themost
common analytical tool for TCM study [8,9]. In LC-Q-TOF MS
analysis, the accurate m/z (mass-to-charge ratio) recorded in MS
and MS/MS spectra could provide crucial information for the
structure elucidation. The first step of constitute screening for TCM
is to acquire single-stage TOF MS information and to preliminarily
classify the type of compounds based on the accurate mass of the
protonated/deprotonated molecular ion, isotopic pattern, and a
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priori known retention time [10e12]. The second step is to select
the precursors and to make them into fragment ions in a collision
cell. In general, the user’s predefined criteria (information-depen-
dent acquisition, IDA) are used for the selection of the precursor.
According to previous reports, there is always a compromise in IDA
settings. Larger number of IDA experiments is theoretically
conducive to more trigger events, but leads to longer cycle times.
Longer exclusion time helps prevent repeated trigger events for the
same compound, but may cause the loss of active ingredients of
TCMs and reduce the chance of positive identification once the
actual peak maximum is excluded [13e15].

To achieve the purpose of comprehensive analysis, several data-
independent acquisition strategies, including sequential window
acquisition of all theoretical fragment-ion spectra (SWATH),
shotgun-collision induced dissociation, MSE, Multiplexed DIA
(MSX), all ion fragmentation (AIF) and others, have been developed
over the last few years [16e18]. In IDA-MS analysis, product ion
(MS2) spectra are continuously acquired over the entire LC run in an
unbiased fashion, without requiring detecting precursor ions nor
prior knowledge about precursor m/z values. For instance, SWATH
is a a data-independent acquisition (DIA) method where all the
precursor ions within the predefined m/z range are isolated and
subjected to co-fragmentation [19]. Compared to the traditional
IDA-MS strategy, SWATH-MS could significantly improve the hit
rate of low-level ingredients because it could sequentially obtain all
MS/MS spectra of all mass windows across the specifiedmass range
[20e22]. Thus, SWATH methods are more suitable for the analysis
of extremely small sample amounts than IDA method, and have
already been used in proteomic and metabolomic research
[19,23,24].

In this study, the suitability of SWATH-MS for TCMs’ prototype
constituent and metabolite identification for TCMs was systemat-
ically assessed by comparing the identification efficiency of
SWATH-MS and IDA-MS data acquisition modes, and sanguisorbin
extract was used as a mode TCM. Sanguisorba officinalis L.
(S. officinalis), a TCM belonging to the Rosaceae family, has hemo-
static, detoxifying, anti-inflammatory, analgesic, antibacterial, anti-
tumor and neuroprotective activities [25e27]. Sanguisorbins are the
main active ingredients in Sanguisorba officinalis L. [25,28e30]. The
results indicated that the qualitative efficiency of SWATH-MS data
acquisition on sanguisorbin extract was significantly higher than
that of IDA-MS data acquisition. In SWATH-MSmode, rolling CE and
variable Q1 isolation windows could be more efficient for sangui-
sorbin identification than the fixed CE and Q1 isolation window. A
total of 47 sanguisorbins were detected when SWATH mode was
used. In addition, 26 metabolites of sanguisorbinswere identified in
rat plasma, and their metabolic pathways could be inferred as
decarbonylation, oxidization, reduction, methylation, and glucur-
onidation according to their fragmental ions acquired by LC-Q-TOF
MS in SWATH-MS mode.

2. Materials and methods

2.1. Chemicals

Authentic standards of ziyuglycoside I and ziyuglycoside II
(purity > 98.0%) were purchased from Shanghai Yansheng Tech-
nological Development Co., Ltd (Shanghai, China). The powder of
sanguisorbin extract was kindly supplied by Chengdu Di Ao Phar-
maceutical Group Co., Ltd (Chengdu, China). Acetonitrile and
methanol were purchased from Merck (Merck, Germany). Deion-
ized water was prepared by the Milli-Q system (Millipore Corpo-
ration, Billerica, MA). All other chemicals were purchased from
Sigma-Aldrich (St. Louis, MO, USA) or Thermo Fisher Scientific
(Waltham, MA, USA).
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2.2. Preparation of sanguisorbin extract solution

The powder of sanguisorbin extract was kindly supplied by
Chengdu Di Ao Pharmaceutical Group Co., Ltd. For extract solution
preparation, 50.00 mg of sanguisorbin extract was poured into a
5 mL volumetric flask, added with methanol to the mark, ultra-
sonically dissolved, prepared into 10 mg/mL stock solution, and
stored in a 4�C refrigerator. It was diluted to the corresponding
concentration with the medium step by step before use.

2.3. Animal experiments

Male healthy Sprague-Dawley rats (8e10 weeks, 200 ± 20 g)
were purchased from the Laboratory Animal Center of Peking
University Health Science Center (Beijing, China) and kept in an
environmentally controlled breeding room (temperature 22 ± 2�C,
relative humidity 50 ± 10%, and 12 h darkelight cycle). The rats
were fed with free access to standard laboratory food and water for
at least 3 days before experimentation. All animal-related experi-
mental procedures were conducted in accordance with the
Guidelines for Animal Experimentation of China Pharmaceutical
University (Nanjing, China), and the protocol was approved by the
Animal Ethics Committee of this institution.

The crude sanguisorbin extract suspension was prepared with
0.1% sodium carboxymethyl cellulose, and was then administered
to rats (n¼ 6) at 200mg/kg. Hepatic portal vein bloodwas collected
into heparinized tubes at 0.5, 1, 2, and 4 h after oral administration
of sanguisorbin extract. All samples were centrifuged immediately
at 10,000 � g for 10 min at 4�C, and then the plasma specimens
were stored at �80�C until analysis.

2.4. Sample preparation for rat plasma

Rat plasma samples were purified using a liquideliquid
extraction technique. To each tube containing 100 mL of rat
plasma, 0.75 mL of n-butanol was added. The mixture was then
vortex-extracted for 3 min, and then centrifuged for 10 min at
10,000� g. The supernatant (0.50mL) was evaporated to dryness in
a rotary evaporator at 60�C under high vacuum. The residue was
reconstituted in 100 mL of acetonitrile, and 5 mL of aliquot was
analyzed by LC-triple QTOF MS.

2.5. HPLC and high resolution MS settings

LC separation was performed using a Shimadzu UFLC-30A sys-
tem (Shimadzu, Kyoto, Japan), configured in binary 30A pumps, SIL-
30AC autosampler and a CTO-30AC column oven. All the compo-
nents were eluted onto a C18 analytical column (2.1 mm � 150 mm,
5 mm; Phenomenex Luna) guarded with a C18 guard column
(2.0 mm I.D. � 4.0 mm; Phenomenex Luna). The column oven was
set at 40�C, and the autosampler was cooled at 7�C. The flow rate
was 0.2 min/mL. The mobile phase A (MPA) was H2O containing
0.02% acetic acid (V/V), and the organic phase B (MPB) was aceto-
nitrile. The gradient elution program was as follows: an isocratic
elution of 25% MPB for the initial 1.5 min, followed by a linear
gradient elution of 25%e45% MPB from 1.5 to 14 min, and then
followed by a linear gradient elution of 45%e90% MPB from 14 to
30 min; after holding the composition of 90% MPB for the next
3 min, the column was returned to its starting conditions till the
end of the gradient program at 40 min for column equilibration.

MS analysis was performed using an AB Sciex 5600þ Triple TOF
mass spectrometer (Concord, Ontario, Canada), which operated in
negative ionization mode with a DuoSpray ion source. The source
conditions were set as follows: ion-spray voltage floating 5.5 kV,
declustering potential 70 V, turbo spray temperature 400�C,
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nebulizer gas (Gas 1) 50 psi, heater gas (Gas 2) 50 psi, and curtain
gas 30 psi. Continuous recalibration was carried out every 6 h by
injecting and analyzing the mixed standards with the aid of the
automated calibration delivery system. All the parameters were
controlled and run by Analyst TF 1.7 software (Sciex, Concord,
Ontario, Canada). Data were processed with PeakView 2.0 and
MasterView 2.0 Softwares (Sciex, Concord, Ontario, Canada).

Data acquisition in IDAmode mainly consisted of a full MS1 scan
and information-dependent trigger MS/MS fragmentation events.
The accumulation time for MS1 full scan was 100 ms for scanning a
mass range from 400 to 1250 (m/z). The accumulation time for each
IDA experiment was 50 ms, and the CE was set to 15, 20, 25, 30, 35,
40 and 45 eVwith a CE spread of 15 eV in high sensitivity mode. The
scanning range of product ions was from 100 to 1250 (m/z) with
charge state 1. IDA criteria were set as follows: 8 most intense ions
with an intensity threshold were above 200 cps, dynamic back-
ground subtraction was switched on, isotope exclusion was
switched off, and the exclusion time (half peak width) was 6 s.

The acquisition using SWATH consisted of a full scan, followed
by a Q1 isolation strategy. The full scan covered a mass range ofm/z
300e1250 with an accumulation time of 100 ms. Two different CE
voltage setting modes, i.e., fixed (35 eV with a collision energy
spread of 15 eV) mode and rolling mode, were adopted to ensure
high qualitative efficiency for sanguisorbins. In addition, the two
kinds of Q1 isolation window settings (fixed and variable Q1
isolation windows) were used to detect sanguisorbins. In the fixed
Q1 isolation windows, the Q1 isolation strategy covered a mass
range ofm/z 300e1250 with a 65 Dawindowwidth for Q1 isolation
(overlap 1 Da). The workflow of preparing the SWATH variable
window is shown in Fig. 1. The first step was to generate the vari-
able window table manually in Excel by defining the varying
windows width with 3 Excel columns (column 1: ‘Q1 Start m/z’,
column 2 ‘Q1 Stop m/z’, and column 3 ‘collision energy spread,
CES’). The document was then saved as a *.txt file (Fig. 1A). In the
second step, the variable window text file just established was
imported into the LC-MS acquisition method in the Analyst soft-
ware (Fig. 1B). Finally, the “OK” button was clicked to build the
variable window SWATH acquisition method which consisted of
the TOF MS scan (experiment 1) and product ion scans (experi-
ments 2e16) (Fig. 1C).

Different combinations of CE (fixed and rolling) and Q1 isolation
windows (fixed and variable) were used to optimize SWATH con-
ditions: (i) fixed 35 V CE and fixed 65 Da windows spanning the
mass range 300e1250 Da, (ii) fixed 35 V CE and variable Q1
Fig. 1. The workflow of preparing the variable windows for SWATH-MS. (A) generating the v
the LC-MS acquisition method, and (C) building the variable window SWATH acquisition m
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isolation windows spanning the mass range 300e1250 Da, (iii)
rolling CE with a collision energy spread of 4 eV and fixed 65 Da
windows spanning the mass range 300e1250 Da, (iv) rolling CE
with a collision energy spread of 4 eV and variable Q1 isolation
windows spanning the mass range 300e1250 Da.
3. Results and discussion

3.1. Detection of sanguisorbins in sanguisorbin extract using IDA-
MS mode

All of the IDA and SWATH analyses were performed using
identical LC and Triple TOF 5600þ MS settings. Data acquisitionwas
implemented in both positive and negative ion modes. The MS1 full
scan of the sanguisorbins demonstrated that the intensity of nega-
tive profile was much higher than that of positive profile. Hence,
negative ionization mode was employed to investigate the analyt-
ical performance of sanguisorbins. Besides, CE value was optimized
for the MS/MS experiment. After the MS/MS profiles acquired un-
der a series of CE values (15, 20, 25, 30, 35, 40 and 45 V), 35 V was
found to produce more abundant fragment ions for most of san-
guisorbins than other CE intensities.

The work of measuring chemical components from sanguisorbin
extract in vitro was originally implemented in IDA-MS mode. As
shown in Table 1, a total of 18 sanguisorbins, mainly including
urethane-type triterpenoid saponins and oleanolic-type triterpe-
noid saponins, were unambiguously or tentatively characterized.
Clearly, most sanguisorbins could produce characteristic fragment
ions with m/z 603, 585, 469 and 453. The compounds eluted at
8.25 min (m/z 825.4470) and 14.90 min (m/z 603.3804) were
identified as ziyuglycoside I and II by comparing their chromato-
graphic and mass spectrometric behaviors with the corresponding
authentic standards. Taking ziyuglycoside I as an example: the
precursor ion of ziyuglycoside I at m/z 825.4470 was the base peak
in the negative ion ESI conditions, and its formula was then
calculated as C41H66O13 ([Mþ CH3COO]-). A total of 5 fragment ions
with m/z of 765.4284, 645.3868, 603.3776, 601.4069, and 585.3714
were dominated in its MS/MS spectrum. The product ion at m/z
765.4284 was generated by losing adduct ion CH3COO�, which
could further generate product ions at m/z 603.3776 and 601.4069
by missing glucosyl residue. The fragment ion that lost glucosyl
residue could further generate an ion at m/z 585.3714 by neutral
loss of H2O (Fig. 2A). For ziyuglycoside II, 3 main product ions with
m/z 585.3702, 543.3625, and 453.3323 appeared in its MS/MS
ariable window table manually in Excel, (B) importing the variable window text file into
ethod.



Table 1
The information about the sanguisorbins identified in sanguisorbin extract using IDA data acquisition mode on LC-Q-TOF MS.

NO. Name tR (min) m/z Formula MS2

1 Suavissimoside F1 6.18 709.4154 C36H58O10 343.2597, 469.3207, 487.3332, 585.3656, 603.3761, 649.3829,
709.4044

2 3b-[(a-L-arabinopyranosyl)oxy]-16a,23-dihy- droxyolean-12-en-
28-oic acid

6.72 619.3855 C35H56O9 131.0345, 469.3203, 505.3083, 585.3666, 603.3769, 619.3738

3 Ziyuglycoside I 8.25 825.4470 C41H66O13 765.4284, 645.3868, 603.3776, 601.4069, 585.3714
4 3b,20a,24-trihydroxy-29-norolean-12-en-28-oic acid 24-O-b-D-

glucopyranoside
9.52 617.3697 C35H56O10 475.2977, 573.3681, 603.3771, 453.3296

5 Hederagenin 3-O-b-D-glucopyranoside 11.98 693.4223 C36H58O9 471.3384, 453.3296
6 3b-[(a-L-arabinopyranosyl)oxy]-urs-12,19(29)-dien-28-oic acid

28-b-D-glucopyranosyl ester
12.4 793.4382 C41H64O12 585.3693, 747.4182, 793.4254, 207.0493

7 12.97 793.4385 C41H64O12 585.3685
8 13.01 499.3061 C30H44O6 341.2452, 385.2355, 353.2448, 499.2998, 365.242
9 13.3 589.3741 C34H54O8 131.0339, 289.2144, 421.2535, 439.3147, 505.3087,

511.334, 553.339, 557.3731, 571.3496
10 Tormentic acid 13.83 487.3431 C30H48O5 407.3248, 425.3345, 469.3239, 487.333
11 3b-[(a-L-arabinopyranosyl)oxy]-23-hydroxyurs-12, 19(29)–dien-

28-oic acid 28-b-D-glucopyranosyl ester
13.87 809.468 C41H66O12 587.3846

12 (3b)-3-hydroxy-30-noroleana-12,20(29)-dien-28-oic acid 14.10 485.327 C29H44O3 343.2595, 441.3299, 467.3084, 485.3187
13 Ziyuglycoside II 14.90 603.3804 C35H56O8 585.3702, 543.3625, 453.3323
14 2,19a-dihydroxy-3-oxours-1,12-dien-28-oic acid 16.56 483.3117 C30H44O5 339.2277, 341.2436, 421.3039, 439.3136
15 3b- hydroxyurs �12,19-dien-28-oic acid

28-b-D-glucopyranosyl ester
17.48 675.4103 C36H56O8 453.3296, 615.3828, 675.398

16 3-O-galloylursolic acid 18.85 667.3809 C37H52O7 585.3678, 667.3685
17 Pomolic acid 19.44 471.3478 C30H48O4 471.3383, 453.3268
18 Haptadienic acid 21.18 469.3314 C28H42O2 407.3261, 451.3156, 469.3247

Fig. 2. The MS2 spectrum of ziyuglycoside I and II acquired in IDA-MS mode. (A) ziyuglycoside I, (B) ziyuglycoside II.
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spectrum. The product ions at m/z 585.3702 and 543.3625 were
generated by neutral loss of H2O and cleavage of arabinose,
respectively. The product ion at m/z 453.3323 (C30H46O3) was
deduced to be a product of lost arabinosyl group (Fig. 2B).

3.2. The influence of CE and Q1 isolation windows on the
qualitative efficiency of sanguisorbins

According to the operating principle of IDA-MS, relevant ions,
especially for constitutes in the low concentration range, are always
lost even though in optimal settings for all situations when IDA is
used. To date, SWATH-MS has already been widely used in
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proteomic and metabolomic research [19,23,24]. SWATH data
acquisition consists of a recurring cycle of a survey scan and a Q1
isolation strategy. CE and Q1 isolation window are the key factors
affecting SWATH efficiency. Herein, different CE (fixed and rolling)
and Q1 isolation windows (fixed and variable) were used to search
for sanguisorbins and then to obtain the optimum SWATH condi-
tions by comparing the number of saponins detected and the type
of their product ions.

In proteomics research, Q1 isolation windows of SWATH were
always set at sequential fragmentation in a serial of 25 Da quad-
rupole isolationwindows [19,23,24]. It must be noted, however, the
complexity of TCM is always much lower than that of proteomics
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samples. To reduce the workload of data processing, we expanded
the acquisitionwindow to 65 Da in the detection of sanguisorbins in
sanguisorbin extract. Besides, 35 V of CE was found to produce more
abundant fragment ions formost of the sanguisorbins in the IDA-MS
experiment. Thus, we set CE at fixed 35 V, and then set Q1 isolation
window at fixed 65 Da spanning the mass range 300e1250 Da to
detect the sanguisorbins in sanguisorbin extract. A total of 29 san-
guisorbins with fragment ions were detected, and most of the
sanguisorbins could produce characteristic fragment ions with m/z
603, 585, 469 and 453 (Table S1). Compared with IDA-MS identi-
fication results, 11 kinds of other sanguisorbinswere detected using
SWATH-MS with fixed CE and Q1 isolation window. For instance,
only 2 sanguisorbins (m/z 825.4653 and 603.3904) were identified
within the retention time (tR) range of 8.1e8.2 min when IDA was
used. As SWATH-MS with fixed CE and Q1 isolation window was
used, 5 sanguisorbins (m/z 723.3746, 779.4024, 1067.5973,
825.4653, and 603.3904) were found within the tR range of
8.1e8.2 min. Within retention time of 11e12 min, only the san-
guisorbin at m/z 499.3061 was detected as IDA was used, and 5
sanguisorbins at m/z 723.4154, 793.4382, 861.3969, 793.4385 and
499.3061 were detected as SWATH mode with fixed CE and Q1
isolation window was used.

Variable Q1 isolation windows in SWATH-MS are performed by
assigning each SWATH window with different isolation width
Fig. 3. The MS2 total ion chromatographs of sanguisorbins acquired in SWATH-MS mode at 3
isolation window, (B) MS2 TICs acquired in variable Q1 isolation windows.
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based on the equalized distribution of either the total ion current or
the precursor ion population [31]. Herein, variable Q1 isolation
windows were used to investigate the influence of Q1 isolation
window on the SWATH efficiency. By comparing the MS2 total ion
chromatographs (TICs) acquired using fixed Q1 isolation windows
(Fig. 3A) and variable Q1 isolation windows (Fig. 3B), it could be
found that there were some differences between the MS2 TICs.
When the CE and Q1 isolation window were set at fixed CE value
(35 V) and variable Q1 isolation windows spanning the mass range
300e1250 Da, 34 sanguisorbins with fragment ions were detected
in sanguisorbin extract (Table S2). Clearly, 5 more sanguisorbins (m/z
839.43075, 617.3697, 587.3944, 455.35197 and 417.32405) were
found in variable Q1 isolation window mode. The above results
indicated that variable Q1 isolation windows could improve the
efficiency of SWATH-MS for sanguisorbin detection.

Next, rolling CE mode with collision energy spread of 4 eV was
used to further investigate the influence of CEmode on the SWATH-
MS efficiency. The MS2 TICs acquired in SWATH-MS mode at rolling
CE using fixed and variable Q1 isolation windows are shown in
Fig. S1. When the CE and Q1 isolation window were set at rolling
mode and fixed 65 Da windows spanning the mass range
300e1250 Da, a total of 41 sanguisorbins with fragment ions were
detected in sanguisorbin extract (Table S3). Compared with those
detected in fixed CE 35 V and fixed Q1 isolation window (Table S1),
5 V CE using fixed and variable Q1 isolation windows. (A) MS2 TICs acquired in fixed Q1
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12 other sanguisorbinswere sought out in rolling CEmode and fixed
Q1 isolation window. This result fully showed that fragmentation
efficiency of sanguisorbins in rolling CE mode was higher than that
in fixed CE mode. Taking ziyuglycoside I as an example: 4 fragment
ions at m/z of 603, 765 and 801 were dominated in its MS/MS
spectrum when fixed CE and fixed Q1 isolation window were used
(Fig. 4A). The fragment ions at m/z of 603, 765, 801 and 811 could
also be observed in ziyuglycoside I’s MS/MS spectrum when fixed
CE and variable Q1 isolation windows were used (Fig. 4B). Once CE
was changed to rolling mode, SWATH could produce at least eight
fragment ions (m/z 131, 223, 541, 585, 603, 765, 801 and 811) for
ziyuglycoside I (Figs. 4C and D). TheMS2 spectrum of sanguisorbin II
acquired under CE and Q1 isolation window conditions were
compared to further confirm the optimum SWATH condition for
qualitative analysis of sanguisorbins. As shown in Fig. S2, fragment
ions of sanguisorbin II acquired in rolling CE mode were more
abundant than those acquired in fixed CE mode. Besides, most of
the other sanguisorbins acquired in rolling CE mode had far more
fragment ions than those in fixed CE mode (Table S1 to Table S3).

The above results revealed that rolling CE and variable Q1
isolation windows could be more efficient for sanguisorbin detec-
tion than the fixed CE and fixed Q1 isolation window. To confirm
the optimum SWATH parameters for qualitative analysis of san-
guisorbins, rolling CE and variable Q1 isolation windows spanning
the mass range 300e1250 Da were used to search for sanguisorbins
in sanguisorbin extract. As shown in Table 2, 47 sanguisorbins with
fragment ions were tentatively identified. Compared to sangui-
sorbins collected at a fixed CE and variable Q1 isolationwindows, 12
other sanguisorbins were tentatively identified in rolling CE and
variable Q1 isolation windows. Compared with those collected at a
rolling CE and fixed Q1 isolationwindows, 5 other sanguisorbins (m/
z 1073.5299, 613.3118, 867.40579, 575.3024 and 743.35839) were
found. Thus, rolling CE and variable Q1 isolation windows were the
optimum SWATH conditions for sanguisorbin identification in san-
guisorbin extract.
Fig. 4. The MS2 spectrum of ziyuglycoside I acquired in SWATH-MS mode at different CE val
and variable Q1 isolation windows, (C) rolling CE and fixed Q1 isolation window, (D) rollin
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3.3. Searching for sanguisorbins and metabolites in rat plasma
using SWATH data acquisition based on LC-Q-TOF MS

According to previous reports, the metabolic types of saponins
in vivo mainly include deglycosylation, methylation, oxidation,
reduction, etc [28,32]. For instance, we found that ziyuglycoside I
(M0) can be metabolized into 6 metabolites (M0-Glu-Ara þ O, M0-
Ara, M0-Glu-COOH, M0-Glu, M0-Glu-Ara þ O and M0-Ara þ H2O)
in rat intestinal flora. In liver microsome, 4 kinds of metabolites
(M0-Glu, M0-CH2OH, M0-Glu þ CH3, M0-Glu-Ara þ CH3) of ziyu-
glycoside I were tentatively identified in our previous studies [32].
In addition, 17 metabolites of ziyuglycoside II, including 5 phase II
metabolites, 6 phase I redox metabolites and 5 deglycosylated
metabolites, were tentatively identified in rat liver by our research
group [28].

After intragastric administration of 200 mg/kg of sanguisorbin
extract to the rats, hepatic portal vein blood was collected at 0.5, 1,
2, and 4 h to identify metabolites for sanguisorbins based on LC-Q-
TOF MS. In this process, SWATH-MS technique under rolling CE and
variable Q1 isolation window modes was used to acquire fragment
ions of the metabolites. As shown in Table 3, a total of 26 metab-
olites of sanguisorbins were sought out in rat plasma. Clearly, the
molecular weight of most metabolites was significantly lower than
that of components in sanguisorbin extract, which indicated that the
main metabolic pathway of sanguisorbins in rats was deglycosyla-
tion. In addition, the retention time of most metabolites was longer
than that of prototype components, which further proves the above
inference. Taking metabolites M1 and M2 for example: their m/z
were both 407.28, which was lower than all prototype components
in sanguisorbin extract. The metabolites M1 and M2 were deduced
to be an aglycone produced by deglycosylation of sanguisorbins due
to the molecular weight of these two metabolites was similar to
that of aglycones. Similarly, M3, M5, M6, M9, M10, M19, M20 and
M23 could also be tentatively identified as the deglycosylated
metabolites of sanguisorbins according to their molecular weight
and retention time. In addition, the m/z of M11 was 1017.6010
(C52H90O19), which was much higher than all prototype
ues and Q1 isolation windows. (A) fixed CE and fixed Q1 isolation window, (B) fixed CE
g CE and variable Q1 isolation windows.



Table 2
The information about the sanguisorbins identified in sanguisorbin extract using SWATH data acquisition at rolling CE and flexible acquisition window on LC-Q-TOF MS.

NO Name tR
(min)

m/z Formula MS2

1 Niga-ichigoside F1 3.08 725.4118 C36H58O11 421.3043, 441.3306, 485.3164, 503.3299,
701.3651

2 Acetate of hederoside E2 5.88 1073.52985 C56H82O20 469.1435, 603.3735, 765.4238, 951.4236
3 Suavissimoside F1 6.18 709.4154 C36H58O10 469.325, 487.3333, 649.3838, 709.4114
4 3b-[(a-L-arabinopyranosyl)oxy]-16a,23-dihy- droxyolean-12-en-28-oic acid 6.72 619.3855 C35H56O9 131.0361, 485.3211, 505.3094, 539.37, 613.3116,

619.3752
5 6.77 613.3118 C31H50O12 355.184, 517.2311, 481.2686
6 3b-[(a-L-arabinopyranosyl)oxy]-23-hydroxyolean-12-en-28-oic acid 28-b-D-

glucopyranosyl ester
7.16 801.4199 C41H66O13 131.0358, 453.3341, 541.3832, 585.3704,

603.3805
7 8.17 723.3746 C42H62O11 603.3753, 685.3773
8 8.23 779.4024 C44H60O12 603.3695
9 8.23 1067.5973 C59H88O17 329.2278, 603.3722, 765.4191, 825.4388,

987.0903
10 Ziyuglycoside I 8.25 825.4653 C41H66O13 223.0204, 265.0308, 585.3738, 603.3836,

617.3624, 801.4216
11 8.26 867.40579 C45H62O13 585.3713, 603.3813, 617.3605
12 8.31 839.43075 C37H64O17 617.3556, 601.3649, 779.4081
13 3b,20a,24-trihydroxy-29-norolean-12-en-28-oic acid 24-O-b-D-glucopyranoside 9.52 617.3697 C35H56O10 476.3024, 487.3272, 573.3748, 617.3588
14 10.31 575.3024 C26H44O10 383.2369, 499.2979, 515.2739
15 Madecassic acid 11.25 503.3373 C30H48O6 422.3074, 485.3182, 503.3281, 585.3285
16 Hederagenin 3-O-b-D-glucopyranoside 11.98 693.4223 C36H58O9 453.3307, 471.3387
17 11.99 723.4154 C42H62O11 471.3365, 633.3843, 693.402
18 3b-[(a-L-arabinopyranosyl)oxy]-urs-12,19(29)-dien-28-oic acid 28-b-D-

glucopyranosyl ester
12.40 793.4382 C41H64O12 585.3656, 747.4181, 573.3698, 627.3783,

783.397
19 12.42 861.3969 C44H62O17 585.3636, 748.4141, 807.4286
20 3b-[(a-L-arabinopyranosyl)oxy]urs-12,19(29)-dien-28-oic acid 12.97 585.3809 C35H56O8 499.3005, 585.373
21 3b-[(a-L-arabinopyranosyl)oxy]-urs-12,19(29)-dien-28-oic acid 28-b-D-

glucopyranosyl ester
12.97 793.4385 C41H64O12 585.3665

22 13.01 499.3061 C30H44O6 325.2116, 341.2447, 353.2466, 385.234,
411.2838, 467.3033

23 13.30 589.3741 C34H54O8 131.0357, 421.2516, 289.2129, 439.3134,
557.3741, 571.3547

24 13.43 737.38858 C34H60O14 515.3348, 557.3815, 699.3435
25 Tormentic acid 13.83 487.3431 C30H48O5 407.323, 425.3352, 469.3232, 487.3331,

503.3255
26 3b-[(a-L-arabinopyranosyl)oxy]-23-hydroxyurs-12,

19(29)-dien-28-oic acid 28-b-D-glucopyranosylester
13.87 809.4680 C41H66O12 587.3827

27 (3b)-3-hydroxy-30-noroleana-12,20(29)-dien-28-oic acid 14.10 485.3270 C29H44O3 343.2678, 355.2594, 390.2827, 441.3267,
467.3177, 485.3222

28 Ziyuglycoside II 14.90 603.3766 C35H56O8 585.3702, 485.3318, 430.9792
29 14.99 761.3649 C34H54O15 485.3143, 603.3681, 685.3577, 761.3388
30 3-O-(6-O-methyl)-b-D-glucuronopyranosyl zanhic acid 15.15 767.3747 C37H56O13 603.3738, 685.378, 753.2845, 761.3588
31 16.52 967.5978 C52H88O16 483.3009, 967.5973
32 2,19a-dihydroxy-3-oxours-1,12-dien-28-oic acid 16.56 483.3117 C30H44O5 341.2449, 353.2442, 421.3071, 439.3162,

483.305
33 16.56 565.30909 C28H42O8 421.3028, 439.3115, 483.2985, 565.2963
34 3b- hydroxyurs �12,19-dien-28-oic acid

28-b-D-glucopyranosyl ester
17.48 675.4103 C36H56O8 453.331, 615.3826, 651.3648

35 3b-[(a-L-arabinopyranosyl)oxy]urs-12,19(29)-dien-28-oic acid 18.85 585.3797 C35H54O7 557.3734, 585.3686
36 16.56 565.30909 C28H42O8 421.3028, 439.3115, 483.2985, 565.2963
37 3b- hydroxyurs �12,19-dien-28-oic acid

28-b-D-glucopyranosyl ester
17.48 675.4103 C36H56O8 453.331, 615.3826, 651.3648

38 3b-[(a-L-arabinopyranosyl)oxy]urs-12,19(29)-dien-28-oic acid 18.85 585.3797 C35H54O7 557.3734, 585.3686
39 18.85 667.3809 C37H52O7 427.3424, 476.2678, 568.2888, 585.3699,

643.3265
40 18.87 743.35839 C40H56O13 585.3745, 643.3362, 667.3742, 744.3637
41 Pomolic acid 19.44 471.3478 C30H48O4 435.2862, 453.3294, 471.3447
42 (3b)-3-(a-L-arabinopyranosyloxy)urs-12-en-28-oic acid 20.64 587.3944 C35H56O7 204.8141, 422.3388, 587.3865
43 20.64 465.29574 C28H38O2 230.9817, 421.2865, 457.3194
44 21.08 465.29589 C28H38O2 287.1976, 421.3000, 437.2946, 469.3193
45 Haptadienic acid 21.18 469.3314 C28H42O2 381.2329, 407.3271, 421.3079, 451.3203,

469.3277
46 Ursolic acid 24.95 455.35197 C29H46O 443.2408, 455.3434
47 28.92 417.32405 C21H42O4 283.2608, 365.2695
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components in sanguisorbin extract. According to its molecular
weight and element composition, the metabolite M11 could be
deduced to be a glucuronic acid conjugate of sanguisorbins. Simi-
larly, M12, M13, M14 and M15 could also be phase II metabolites of
sanguisorbins. For other metabolites, their molecular weight ranges
594
from 600 to 900 Da, which was similar to that of the prototypes.
According to the metabolic regularity of ziyuglycoside I/II devel-
oped in our previous studies, these metabolites could be induced to
phase I metabolites of sanguisorbins, including oxidized, reductive
and methylated products. Only a few major components, such as



Table 3
The information about the metabolites of sanguisorbins identified in rat plasma using SWATH data acquisition mode on LC-Q-TOF.

No tR (min) m/z Formula ppm Ion type MS2

M1 9.89 407.2806 C24H40O5 0.1 [M � H]- 205.1596, 368.3181, 373.2869, 379.256
M2 12.16 407.2801 C24H40O5 3.7 [M � H]- 374.243
M3 13.88 473.2892 C30H36O2 �0.3 [M þ FA-H]- 146.0811, 277.1216, 217.1186, 473.2719
M4 14.91 603.3908 C35H56O8 �0.1 [M � H]- 585.379, 603.3919
M5 15.70 487.3465 C30H48O5 1.8 [M � H]- 469.3345, 487.3421
M6 16.74 485.3297 C30H46O5 4.4 [M � H]- 265.1568, 393.3286, 485.3245
M7 16.94 559.4735 C36H64O4 2.9 [M � H]- 277.2342
M8 17.47 841.3491 C40H58O19 1.1 [M � H]- 303.2291, 767.5456, 797.3884, 779.3541
M9 18.20 501.3221 C33H42O4 1.3 [M � H]- 146.0811, 277.1222, 217.1184, 501.2993
M10 18.97 471.3499 C30H48O4 2.8 [M � H]- 409.3381, 453.3297, 471.3453
M11 19.62 1017.601 C52H90O19 �1.7 [M � H]- 327.232, 524.279
M12 20.07 1019.613 C52H92O19 �2.8 [M � H]- 279.2345, 303.2321, 476.2768, 500.2785
M13 20.56 1002.569 C47H86O22 2.9 [M � H]- 476.2745, 500.2751, 524.2749
M14 21.03 947.6148 C58H88O8 �2.3 [MþCl]- 255.2322, 452.2776
M15 21.07 997.6355 C61H90O11 �4.9 [M � H]- 305.2494, 452.2776, 502.2942, 997.6297
M17 21.21 619.2909 C36H44O9 �8.5 [M � H]- 152.9973, 241.0106, 303.231, 329.249, 554.3266,
M18 21.36 595.2894 C34H44O9 �4.8 [M � H]- 152.9987, 241.0087, 279.2335, 303.2323
M19 25.35 327.2539 C22H32O2 4.4 [M � H]- 121.1019, 229.1968, 283.2431, 327.2328
M20 26.20 315.2537 C21H32O2 �1.1 [M � H]- 253.2164, 298.0251, 315.2279
M21 26.44 655.4730 C22H32O2 0.5 [2M � H]- 283.2422, 327.2325
M22 26.90 607.4566 C36H64O7 0.4 [M � H]- 183.1422, 283.2356, 295.2302, 314.2427
M23 29.29 357.2800 C24H38O2 0.5 [M � H]- 283.2491, 326.3118, 337.2167
M24 30.88 883.5362 C46H78O13 1.0 [M þ FA-H]- 241.0059
M25 32.36 885.5503 C46H80O13 �7.9 [M þ FA-H]- 283.2633, 581.3086
M26 37.72 761.5816 C42H82O11 3.2 [M � H]- 168.0422, 687.5466
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ziyuglycoside I and ziyuglycoside II, could be found in rat plasma
which could be caused by two factors: (i) sanguisorbins have low
bioavailability and low plasma exposure; (ii) sanguisorbins are
widely metabolized in rats. The results above were consistent with
the pharmacokinetic characteristics of saponins reported previ-
ously [31,33,34].
4. Conclusion

SWATH is a DIA method where the instrument deterministically
fragments all precursor ions within the predefined m/z range in a
systematic and unbiased fashion. So far, SWATH has been widely
used in proteomics research since it was registered by SCIEX. To our
knowledge, no studies have been published on the identification of
components and metabolites for TCMs in vitro and in vivo based on
SWATH technique. Herein, the feasibility and superiority of SWATH
were systematically investigated by comparing the identification
efficiency of SWATH-MS with that of IDA-MS for sanguisorbins in
sanguisorbin extract. Furthermore, different CE (fixed and rolling)
and Q1 isolation window (fixed and variable) modes were used to
improve SWATH-MS data acquisition. Our results showed that
rolling CE and variable Q1 isolation windows could be more effi-
cient for sanguisorbin detection than the fixed CE and Q1 isolation
window. More importantly, the qualitative efficiency of SWATH-MS
was found significantly higher than that of IDA-MS. A total of 18
sanguisorbins with characteristic fragment ions at m/z 603, 585,
469 and 453 could be found using IDA-MS mode, and 46 sangui-
sorbins with more abundant fragment ions were detected using
SWATH-MS data acquisition under rolling CE and variable Q1
isolation windows modes. In addition, 26 metabolites of sangui-
sorbins were sought out in rat plasma, and their metabolic path-
ways could be inferred as decarbonylation, oxidization, reduction,
methylation, glucuronidation, etc.
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