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Systematic characterization and identification of the chemical
constituents of the Schisandra chinensis decoction based on a hybrid
scanning technique of UHPLC/IM-QTOF-MS
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Abstract: Schisandra chinensis is a traditional Chinese medicine with the functions of reinforcing deficiency,
strengthening, and inducing astringency, appliable to treat the chronic cough and deficiency in breath, palpitation,
and insomnia, efc. A hybrid mass spectrometry scanning strategy (high-definition data-independent/data-dependent
acquisition, HDDIDDA), enabling the ion mobility separation and alternating data-independent acquisition/data-
dependent acquisition, was established, which, in combination with in-house library-driven automatic peak annota-
tion workflows facilitated by the UNIFI software, was utilized to systematically characterize the multi-classes of
chemical components from S. chinensis. The use of an HSS T3 column (100 mm % 2.1 mm, 1.8 um), 0.1% formic
acid in H,O-acetonitrile as the mobile phase running at the flow rate of 0.3 mL-min”, and column temperature
at 35 °C, could enable good separation of the S. chinensis components within 42 min. HDDIDDA scan in both
the positive and negative ion modes was employed for data acquisition. Based on the automatic peak annotation,
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reference standards comparison, MS® data interpretation, and literature analysis, we were able to identify or

tentatively characterize 105 compounds in the S. chinensis decoction, involving 56 terpenoids, 42 lignans, five

glycosides, one organic acid, and one flavonoid. HDDIDDA scanning can improve the coverage of data acquisition

and improve the accuracy of identification, while CCS prediction analysis provides the possibility to distinguish

isomers by the ion mobility technology. The results provide reference for the intelligent material basis research of

TCM.

Key words: Schisandra chinensis; ion mobility; high-definition mass spectrometry; hybrid mass spectrometric

scan; chemical constituent characterization

TR T NARZEFHEWY) Schisandra chinensis (Turcz.)
Baill. HF8 AR 52, 32 1 [ 2R B ER, I RR“A T
R, BRER HY, PEIR, SR L f AR N BT
(AL G 24, FH T A 0% R i 5 I TR R a8 PR PR A AT
ANIEAEN ALY BT 7T YT 1 B ORI
FUEE PUMIRE UL IR PR PR R G S0 LA
RGN S, Im K b2 T A L R R A
FE O IEE S YR TT, DR G LR 1 — B 9 KT R
AT R R s A H 25 . TRt 7t 2
GPARHIT TR AT, Dy o B ) % 24 PRAT 9T B2 kA
TR B SR B RO I IR — B2 I R 8 L 1R 3 o
2. A, Yu SR T RO g/ DY AR AT R
AT RS 18] SRS BE A (ultra-high performance liquid chroma-
tography/quadrupole time-of-flight mass spectrometry,
UHPLC/QTOF-MS) £ AR I\ FLIK T 70% H B4 B P
USTE 94 Bk S, AL HE ST FRICR IR A TR IR R
JE 15 Tl =k 58 B 22 M H AR SRR itk & W . AR,
RKTALGR, TR T2 R B AL 573 T Bk Z R S8 HY
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I R AR T7 VEAE 2 v 24 17 A I F SR RS, 3 i 2
SEG R A SEE A T AR R . R R
P 1 K A AT DL 4 S B Al 1 R £ (data-dependent
acquisition, DDA) 5 %4 JF 46 1 R % (data-indepen-
dent acquisition, DIA). DDA F4#i & 3 T — L J I (G
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A7 DDA 5 DIAZ # k4 (dla ), #ig b
REfZ K DDA 1) = HER [ 55 DIA & 78 o [E LA A4 &
FE S AHE S 23 A R 25 A 3 1Y BRAh, BT
&% (ion mobility, M) 43 5 B % HR 45 K /N S IR A HE A
AR, SEILREAS B T 20 B, IF5e it 5 70t 25 K A
2 I ill 48 #5 T AL (collision cross section, CCS) 5 & .
BT Oy 5 B 0 B U E U HEE RS, FEIX 43 A
73 e R By B LR A S5 T T R ATV ), o
ZIRL IR AR R R AT SR AL 1T SRS

AH 7T 5T Vion IM-QTOF 5 43 HHIUTT Bk F A, |
FH U R AR £ 4048 K 42 (high-definition data-
independent/data-dependent acquisition, HDDIDDA)
JE 3 9 20 A R BOR CUNIFTEPE B 2 2504 2 3R 30 1)
H BN VE R AR, A T — i TUUR 1K B 2 2R 004k
FROPRIE R AR, RSB AL H R, T T
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MRS R

{28 Vion IM-QTOF 7= 7 #¥ ¥ J BE A (35
Waters /A ] ); Vortex-2 FEiR 1RSI (L dr sl A R
A T]); SB-4200DTS/P R A i #- UL (7 3 37 2 AE W Fd
B4 A BR 2 71); 5804R A i a7 i B 0 WL (48
Eppendorf A 7); AX205 1+ /432 — R-F A BP121S Jj
932 —RF (i1 Mettler Toledo A 7).

HMEIRF LTRSS (L7, 15 20210713)
e B b 5 E A s R R R 2 5 A IR A ], & R E
5 24K 24 28 20 v @l 082 % 58 R = BHE W) Schisandra
chinensis (Turcz.) Baill. [ 5 Bl S SERS ) J5 FF i, 24
MR b R AE T~ R B v = 24 K2 T IR 2 9 e 2 2 3
R ARSI = . O HEE R (32 E Thermo
Fisher Scientific 24 &, LC-MS 2%). #8 4l /K & Milli-Q
Integral 5 24t (3 [E Millipore A &) Zlifk.. 13 FXd I i,
JR JLZSER (protocatechuic acid, #it*5 DSTDY008101)
T (rutin, #it'5 DSTDL001702). XK ¥ H (gomisin H, It
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5 : DSTDG005201) 1.k ¥ i B (schisandrol A, fit*5
DSTW001001). %k D (gomisin D, it 5 DST211104-
040). XK T (gomisin J, #t5 DSTDG003801) Fik +
[ 7, (schisandrol B, #1t'5 DSTDW001301). 24 -t KK
¥ H (angeloyl gomisin H, #t'5 DSTDD006101) XK ¥
N (gomisin N, #t5 DST211103-037). X K G (gomisin
G, #it 5 DST211011-039). T ¥k F fif ' (schisantherin
A, #t 5 DST200330-012). i % T Fi§ Z. (schisantherin
B, fit 5 DST201218-011). . Wk F M} (schisanhenol,
it %5 DST210606-015), 1 H i #6188 B KF 4 2 H R
A MRA T . b Al 38 KT 98%, 45 MR R
LK.

FERFIE RIS g FHRT, I 150 mL B4
K, IFEIASREL 1 h, VA0, #h R R, MR 10 mgmL™
[, 14 000 r-min™ B0 10 min, B_E 7 i B 754t
SRV 43 TR B B E A% 6 HE O B, N 50% H
) ST R P N 1 mg-mL R RS VA A £, RS
45 o] HEE i i 2% W, TR B IR AR R L B B o =
W PE 2158 10 pug-mL™ V5 X6 I8 5 VA TR

RRFFR 7 IR EAE R UNIFI™ S35
IZEE FT Web of Science (www.webofknowledge.

com). ChemSpider (www. chemspider. com). PubChem

HO

HO

Gomisin G Schisantherin A

Figure 1  Structures of 13 compounds used as the reference standards

Gomisin H

(http://pubchem. ncbi. nlm. nih). ChemicalBook (www.
chemicalbook.com).CNKI (http://www.cnki.net) 2544
FERE BAT AL FR T S R 2R A gy, 4
LAY, BT T 201 P S A A TR
T2 PSS B TR A R B .
UNIFI 1.9.3.0 (2 [ Waters A 7)) # %} HDDIDDA %
£ (1 TLWR T HDDDA F1 HDMS® ¥4 #E 47 H S KL 1E
e A HH R W AR, A OB S B R A 4K 4D I
(HDMS®) 1= B & BIAE 13 B 4 20.0 counts, K A8 & BEH X
#420.0 counts; £x 4K DDA Jfi (HDDDA) MS & -5
J 1) B W BN 20.0 counts, MS/MS B 5 % 518 1% B
°~120.0 counts; H FRULHL W % 10.0 ppm; 7 F UL Bic e 2
10.0 mDa. IE&FEANA A [M+H] \[M+Na] Fl
[M+K] " f 8 7 8 = & 2 =0 [M-H] Al [M+
HCOO] . A Hwir: H 30 FEE 1: 0.5 miz; &
bk i 2= #: 556.276 6 (ESI+)/554.262 0 (ESI-); Z th &
it s +1/-1, 352 L BT A R 2 R s Ik 2, A& i
Az BTN B, JB SR IR ARAD o T ThRe

& i% & ACQUITY UPLC® HSS T3 & il %
(100 mm x 2.1 mm, 1.8 um), JE2N4H 0.1% HER K (A)-2
& (B), WEMLESEE L : 0~4 min, 4%~14% B; 4~15 min,
14%~44% B; 15~21 min, 44%~47% B; 21~35 min,

Schisantherin B

Schisanhenol
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47%~53% B; 35~38 min, 53%~56% B; 38~42 min,
56%~90% B. fEifi. y35 °C, Jitid ¥ 0.3 mL-min”', #EFE
A3 L.

R il HDDIDDA 41 & 34 77 1%, 40 5
FEIES T 5 08 TR AU AT B R . B L
(capillary voltage), £1.0 kV; 4 7L . J§ (cone voltage),
60 V/-40 V; Ji{RF (source offset), 80 V; J5iEEZ (source
temperature), 120 °C; Jiit ¥ 7] il f& (desolvation gas
temperature, N,), 500 °C; 2 ¥ 7l AL % (desolvation
gas flow, N,), 800 L-h"'; #E & T A& Ui # (cone gas flow,
N,), 50 L-h'. QTOF Jii il 73 A4 7 m/z 100~1 000 [ )5
N LL6 eV RIIRAETE At R A %0, HDMS®
3 B () 24 0.3 s, HDDDA A1 9 4 B 8] 0.15 s 7
HDMS* H # E T 10~60 eV/-30~-70 eV R fif 1 fit
= (ramp collision energy, RCE). 7 HDDDA % & T
JoR B 06 ) 3 RlE 1 B & (mass-dependent ramp collision
energy, MDRCE), fIX 51 & #H4 15~40 eV/-30~-70 eV
A B ARHE 2550 eV/-30~-70 eV & L T AT
T RE 2 RN S HL, R T RCHE TR A Y347 CCS
et o JEIE LA 10 pLomin™ FRVRIERFEEE A\ Se 2 BRI HEL
YA (Sigma Aldrich, St. Louis, MO, USA; 200 ng-mL™")
BEAT MS Hdfa R AE

#R
1 BERFESHML
N TR AT RE 2 ML E TR T K O IR AR A

g3, AR SLIG N [ 8 AH K OB T U 2 B SR AR AT T AR
b (BE2). HexF HSS T3 10 F A A H @A H AR
B G B A () (R A 2R AT 07 3L, 45 SRR W HSS T3 il
FERES 73 B VR ELEI 2 1 ki, SRy B R A LU
BUAE, X 5 HSS T3 t i H sy 1) [ e A A . fEA—
Tl B A5 1 1 )\ o S i o B A e IR € T A, T R
100% 7K AH, BT HoAh S B[ 2 A0 1T 5, 3658 1 iR
MARNE R REWAE S FHIRE . i —0, fEIE BT
BEACR i BT vk o ARR AL &, i )
6 MK BANE WL K& S KPHEFLHE R & EY
) T 4 0 T AR 34T LR (n = 3), 3 405t 34N JK - RCE
DAL K 4 4~ 7K MDRCE #1477 HiAk, 256 % 18 5 s 4
W B YN N 1.0 kV, #E FLHLE N 60 V/-40 'V,
RCE A 10~60 eV/-30~-70 eV, MDRCE & 15~40/
25~50 eV f~10~-40/-20~-60 eV,
2 AIRFRELRUZER D RIE

BT Bk g A 2= EE ORI UNIFT 44
T E R, HEXRIEMIER 75 U AR
3 HDDIDDA ¥4 73 3 AT Ab B, 256 % 18 545 B 1k
G W) BRI S SCR o AT 55, 3T R 7K BV ) e
G s R o SRS B 105 Rk S,
FLFE 56 Bl (55 Fh B =il SN 1 A% 2P 15 25) 42 Fil
ARNEFEIE SFE IR I FE LR | PP i 25 . 3
H 13 AL B PR T b R LS B E . I 5 A
3T AR /K RIRORE 1 2 0 5 3 B 1 3 BT ORR,

== =

BEERNLEL.

Table 1 Information of the compounds characterized from the Schisandra chinensis decoction. t,: Retention time; "Compounds identified

by comparison with the reference standards

ty Observed Mass Observed . . . e
No. ) Adduct  Formula  error Type Fragment ion Identification HDMS" HDDDA
/min m/z 10 CCS/Az
1 2.08 527.0890 [M-H]” C/H,0, 002 194.08 Glycoside 473.078 2,421.103 7, 4-Deoxy-f-L-threo- N N
253.097 3,165.079 1  hex-4-
enopyranuronosyl-
(1->4)-a-D-
galactopyranuronosyl-
(1->4)-D-

2" 3.41 153.0182 [M-H]” CH,O -0.23

714y

3 5.77 327.1436 [M-H]' C,H,0, -4.12

167724

C,H,0, -149

1677247

4 633 327.1444 [M-HT

158.79 Organic acid 109.028 8
188.05 Glycoside

185.24 Glycoside

galactopyranuronic
acid or isomer

Protocatechuic acid N
272.088 9, 134.036 9 Thymoquinol N
5-0-p-D-
glucopyranoside or
isomer
161.024 1, 149.060 6 Thymoquinol N

5-0-p-D-
glucopyranoside or

isomer
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Continued
Mass
ty ~ Observed Observed . . . E
No. ) Adduct  Formula  error Type Fragment ion Identification HDMS" HDDDA
/min m/z o CCS/A?
/%10
5 6.81 7133028 [M+H]" C,H,O, 185 173.65 Lignan 375.170 0, 165.066 0 1,2,13,14- J
Tetramethoxydibenzo-
cyclooctadiene 3,12-
O-p-D-
diglucopyranoside or
isomer
6 7.52 609.1463 [M-H]” C,H, 0, 031 223.02 Flavonoid 301.0339,271.024 3, Rutin N v
255.028 7, 243.031 6,
227.0319
7 765 5652284 [M-H]" C,H,0, -120 23791 Lignan 373.138 8 3,7-Dihydroxy- N
1,2,13,14-
tetramethoxydibenzo-
cyclooctadiene 12-O-
p-D-glucopyranoside
or isomer
8 7.85 463.0879 [M-H]” C,H,0,, -0.65 192.51 Glycoside 301.034 1,271.022 8, Hyperoside or isomer N N
255.029 0, 243.027 4,
151.002 8
9 848 4732024 [M-H]T C,H,0, -0.92 21655 Glycoside  313.1078,271.024 5, Schisandenoid A or N
223.153 1 isomer
10 893 5652296 [M-H]” C,H,.O, 094 22949 Lignan 341.102 5,326.078 0 3,7-Dihydroxy- N N
1,2,13,14-
tetramethoxydibenzo-
cyclooctadiene 12-O-
p-D-glucopyranoside
or isomer
11 999 5752128 [M-H] C,H,0, -1.09 209.75 Terpenoid  557.1948,497.185 7, Arisanlactone B or N N
482.194 0, 453.192 7 isomer
12 1041 5772289 [M+H]' C,H,O 1.60  213.53 Terpenoid 543.2259,485.213 1 Micradilactone A or v N
isomer
131042 5612329 [M+H]' C,H,O, -0.18 211.64 Terpenoid  543.2259,507.203 3, Schicagenin B or N
485.2130 isomer
14 10.70 4972195 [M-H]" C,H,0, 277 21437 Lignan 387.136 9 Angeloylisogomisin N
O or isomer
15 1089 5592187 [M-H]" C,H,O, 030 209.42 Terpenoid  541.2144,465.152 1, Schindilactone C or N N
403.149 7,383.145 1 isomer
16 11.14 5612332 [M+H]' C,H,O, 028 212.18 Terpenoid  543.2193,439.2050, Schicagenin B or N N
425.176 4,407.209 8 isomer
17 1147 5432232 [M-H] C,H,0, -0.70 222.66 Terpenoid  527.226 1,473.2477 Pre-schisanartaninN v N
or isomer
18 1151 5272262 [M+H]" C,H,O, -249 206.62 Terpenoid  467.2064,419.1850, Lancifodilactone Dor N
203.104 9, 185.094 6  isomer
19 11.63 5492327 [M+H]" C,H,0, -0.62 21671 Terpenoid  479.207 5,387.179 5, 19(R)-Hydroxyl- N N
355.1532 wuweizidilactone H
or isomer
20 11.75 5592185 [M-H]" C,H,0O, -0.05 21031 Terpenoid 469.222 6,465.148 6, Schicagenin B or N N
413.197 5, 387.146 2, isomer
347.1575
21 1182 5432235 [M-H]' C,H,O, -0.13 21758 Terpenoid  463.2117,383.187 7, Pre-schisanartaninN N
365.196 6, 137.059 7 or isomer
22 1191 5772303 [M+H]" C,H, 0, 410 21581 Terpenoid 545.229 2, 525.181 0, Arisanlactone B or N
515.2119,495.204 6, isomer
453.203 2
23 1209 5592183 [M-H]T C,H,0, =025 21839 Terpenoid  497.2175,429.1924 Schindilactone C N N
24 1227 543.2241 [M-H]” C,H,0,, 093 214.59 Terpenoid 483.1358,471.200 5, Pre-schisanartanin N N N

463.208 3,435.216 3

or isomer
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Continued
Mass
No tR, Observed Adduct  Formula  error Observed Type Fragment ion Identification HDMS® HDDDA
/min m/z 10 CCS/A>
25 1241 5752139 [M-H]" C,H,0,, 0.83  213.64 Terpenoid 515.1919,419.125 9, Arisanlactone B or N N
413.161 4 isomer
26 12,53 5452387 [M+H]' C,H,O 1.05 211.05 Terpenoid 508.213 3,451.215 6, Pre-schisanartanin N J N
433.197 7,391.1755 or isomer
27 12.84 5272275 [M+H]" C,H, 0, -1.50 209.72 Terpenoid 485.217 2,453.222 8, Lancifodilactone D or J N
439.211 4,423.221 8 isomer
28 13.17 561.2332 [M+H]" C,H, 0, 0.25 208.50 Terpenoid 527.222 3,485.220 1, Schindilactone C or N N
467.207 1 isomer
29 1342 5152286 [M-H]” C,H, O, -0.20 218.36 Terpenoid 437.203 4,385.174 6 Wuweizidilactone N N N
or isomer
30 13.70 417.1921 [M+H]" C,H,0, 3.05 188.89 Lignan 385.169 1, 331.118 9, Gomisin O or isomer N N
315.080 0
31 1371 6612505 [M-H]” C,H,O,, 056 23836 Terpenoid 369.137 8,285.170 1  Schisandroside D or N
isomer
32 13.76 5332387 [M+H]" C,H, O, 1.03  213.75 Terpenoid 499.2357,479.204 3, Wuweizidilactone H N N
437.1950 or isomer
33 13.88 369.1688 [M+H]" C,H, O, -2.31 181.98 Terpenoid 337.144 1, 323.130 5, (8¢,14¢)-17-Oxoestra- N N
203.083 3 1,3,5(10),9(11)-
tetraene-3,4-diyl
diacetate or isomer
34 1396 221.1903 [M+H]' C,H,0 1.26  150.76 Sesquiterpene 219.172 4, 189.125 6 a-Iso-cubebenol or N N
isomer
35 1413 5452392 [M+H]" C,H, O, 1.99  213.63 Terpenoid 485.217 6,451.207 5, Pre-schisanartanin N N N
433.2032,371.1755 or isomer
36 1431 5152277 [M+H]" C,H,0, 0.19  210.80 Terpenoid 429.192 1,401.196 0, Wuweizidilactone O N N
381.1325 or isomer
37 1441 5452381 [M+H]" C,H, 0, -0.08 207.63 Terpenoid 527.2327,453.224 7, Pre-schisanartanin N N N
437.2309,431.207 8 or isomer
38" 14.60 419.2050 [M+H]' C,H,, 0, -3.40 189.94 Lignan 401.196 1, 386.172 6, Gomisin H J N
333.1279,315.120 5
39 1476 529.2433 [M+H]' C,H, 0O, 0.23  206.80 Terpenoid 509.215 7,469.219 6, Methyl J N
449.196 5,439.212 5, acetoxyangolensate
421.2013 or isomer
40  14.84 5172441 [M+H]" C,H, 0O, 1.60  203.29 Terpenoid 499.233 5,413.193 0, Wuweizidilactone N N N
343.117 4 or isomer
41 1490 5752852 [M+H]" C,H,0,, 021 221.29 Terpenoid 479.242 9,437.232 3 Wuweizidilactone K N N
or isomer
42 1501 5272275 [M+H]" C,H, 0, -0.05 214.45 Terpenoid 509.222 2, 463.202 3, Lancifodilactone D or N N
449.193 9 isomer
43 1506 417.1911 [M+H]" C,H,0, 0.71 185.16 Lignan 386.1734,371.176 5 Gomisin O or isomer N
44 15.09 5572025 [M-H]T C,H,0, -0.70 213.07 Terpenoid 513.214 2,485.217 0, Lancifodilactone N or N N
481.1508,391.119 9, isomer
365.139 1
45 1528 387.1799 [M+H]" C,H, O, -0.86 188.43 Lignan 372.153 8,356.161 8, (-)-Gomisin L or J N
341.127 5,300.096 5 isomer
46 1536 559.2184 [M-H]” C,H,0, -0.08 209.30 Terpenoid 483.161 8,457.191 1, Schindilactone C or N N
431.1803,413.1952 isomer
47 1561 5452379 [M+H]" C,H,0, -043 216.79 Terpenoid 497.214 4,463.212 4, Pre-schisanartanin N N N
435.2190,391.181 7 or isomer
48 15.77 5272282 [M-H]T C,H, O, -0.78 214.93 Terpenoid 497.218 2,435.215 9, Wuweizidilactone L N N
407.183 7,365.178 5 or isomer
49 1598 5152296 [M-H]" C,H,0O, 1.75  211.39 Terpenoid 471.2432,411.182 1, Wuweizidilactone N N N
369.169 0 or isomer
50 16.03 4152117 [M+H]" C,H, 0O, 0.45 186.75 Terpenoid 385.194 5,369.167 6, Meprednisone acetate J N

353.170 6, 323.129 2,
165.064 3

or isomer
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Continued
Mass
ty ~ Observed Observed . . . E
No. ) Adduct  Formula  error Type Fragment ion Identification HDMS" HDDDA
/min m/z 100 CCS/A>
51 16.09 527.2290 [M+H]" C,,H,,0, 2.80 208.04 Terpenoid 483.236 5,438.235 3, Lancifodilactone D or N N
4232116 isomer
52 1626 5292429 [M+H]" C,H, 0, -0.50 210.27 Terpenoid 469.224 2,451.213 5, Methyl N N
433.205 6 acetoxyangolensate or
isomer
53 1634 559.2193 [M-H]” C,H, 0O, 1.41  215.07 Terpenoid 499.195 6, 483.164 2, Schicagenin B or N N
457.187 5,455.208 9, isomer
399.179 4
54 16.52 527.2286 [M+H]" C,H,0, 1.94 211.46 Terpenoid 483.205 1,467.205 9, Lancifodilactone D or N N
455.240 1,423.2124 isomer
55  16.86 527.2272 [M+H]" C,H,,0, -0.75 207.58 Terpenoid 473.209 3,449.194 6 Lancifodilactone D or N N
isomer
56 17.01 531.2586 [M+H]" C,,H; 0 -0.43  206.13 Terpenoid 513.242 4,471.235 6, Pre-schisanartanin F N N
435.2190,399.179 3  or isomer
57 17.14 5292424 [M+H]" C,H,O -1.48 208.22 Terpenoid 453.218 2,355.152 4, Pre-schisanartanin E N
299.090 2, 285.109 8 or isomer
58" 17.52 433.2184 [M+H]" C,H,,0 -8.51 187.91 Lignan 415.211 0,400.187 4, Schisandrol A N N
374.165 8, 358.139 0,
361.161 2, 348.149 5
59 17.88 417.1901 [M+H]" C,H,O -1.75 184.74 Lignan 373.165 0, 341.136 4, Gomisin O or isomer N N
329.1007,311.127 2
60 18.10 6152807 [M+H]" C,H,0 1.21  228.54 Terpenoid 597.274 6,479.206 1, Wuweizidilactone I N
437.197 5 or isomer
61 1838 417.1891 [M+H]' C,H,0 -3.93 189.28 Lignan 370.180 1, 341.138 2, Gomisin O or isomer J N
331.106 9, 317.106 7
62 1845 6572904 [M+H]" C,H,O, -0.25 236.73 Terpenoid 639.281 1,479.205 5 Wuweizidilactone G N N
or isomer
63 18.49 4833105 [M+H]" C,H,,0, 0.00 210.35 Terpenoid 419.183 2,377.119 9, Kadsuphilactone B or
275.140 1, 151.053 0 isomer
64" 18.61 531.2212 [M+H] C,H,,0,, -4.67 206.17 Lignan 401.159 1,371.149 5, Gomisin D N N
357.1329,329.099 1
65 18.69 481.2938 [M+H] C,\H,O5 -2.18 20691 Terpenoid 448.219 5,417.284 9, Schisanlactone C or J
343.109 4 isomer
66 18.90 341.1372 [M+H]" C,H, O, -327 172.62 Lignan 287.089 4,219.100 2, D-Epigalbacin or N
205.083 5,122.036 1 isomer
67" 18.93 389.1948 [M+H] C,H, 0, -2.83 180.02 Lignan 357.1679,325.1419, Gomisin J N N
287.089 3, 227.068 9,
221.116 9
68 19.16 587.2503 [M-H]" C,H,0, 0.90 229.45 Terpenoid 447.217 7,403.225 6, Pre-schisanartanin A J J
227.034 0 or isomer
69 19.19 5712536 [M+H]" C,H,0, -0.37 219.70 Terpenoid 511.233 5,493.220 9, Wuweizidilactone M N N
469.222 3,451.2104 or isomer
70" 19.42 399.179 5 [M-H,0 C,H,O, -6.26 180.14 Lignan 369.167 8, 345.131 2, Schisandrol B N N
+H]" 329.100 7,299.090 0,
285.074 0
71 19.57 589.2649 [M-H]” C,H,O -0.93  228.57 Terpenoid 467.241 6,221.093 2 Pre-schisanartanin B N N
or isomer
72 19.64 4332201 [M+H]" C,H,,0, -0.36 194.35 Lignan 415.211 1, 386.168 8, Schisandrin or isomer N N
339.121 8, 323.160 5
73 19.83 401.1583 [M+H]" C,H,0, -295 182.28 Lignan 357.127 2, 341.101 3, Methyl 2,5-bis(3,4- N N
311.091 6, 299.089 2, dimethoxyphenyl)-
267.064 6 4,5-dihydro-3-
furancarboxylate or
isomer
74 20.05 417.1901 [M+H]" C,H, 0, -1.70 185.05 Lignan 401.196 4, 369.168 8, Gomisin O or isomer J N

339.121 8, 203.084 2
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75 2023 387.1805 [M-H]" C,H,0O, 2.18 185.52 Lignan 341.139 1,311.094 7, Rubrisandrins A or N N
275.066 7 isomer

76 2059 5312226 [M-H]” C,H,O 1.82  213.74 Terpenoid 401.159 1, 355.122 0, Wuweizidilactone H N N
341.098 3 or isomer

77 2072 4152114 [M+H]" C,H, 0, -0.28 184.07 Terpenoid 385.195 3, 369.169 0, Meprednisone acetate N N
353.1749,301.104 4 or isomer

78 2091 389.1946 [M+H]" C,H,O, -3.18 184.21 Lignan 374.164 0,357.169 1, Rubrisandrins A or N N
341.1359 isomer

79 21.17 5152272 [M+H]' C,H,0 0.70  203.29 Terpenoid 469.223 6, 385.163 1, Wuweizidilactone O N N
355.153 2,323.126 8 or isomer

80 21.34 389.1940 [M+H]" C,H,O, -4.72 183.08 Lignan 331.118 2, 235.074 2, Rubrisandrins A or N N
181.063 1 isomer

81 2197 401.1955 [M+H] C,H,O, -091 181.19 Lignan 370.177 4, 355.154 6, Rubschisandrin or J J
323.127 2,295.131 7, isomer
165.066 0

82" 2293 5232305 [M+Na] C,H,0 0.52 210.56 Lignan 431.2059,415.094 9, Angeloylgomisin H N
356.160 5,315.121 9,
267.099 7

83" 2294 401.1965 [M+H] C,H,;,0 -0.91 183.00 Lignan 386.170 0,371.179 4, Gomisin N N N
356.160 5, 345.132 4,
221.093 4

84 23.02 387.1797 [M+H]" C,H,O, -1.42 179.86 Lignan 372.157 5,356.160 5, (-)-Gomisin L or J N
327.121 1, 165.068 9  isomer

85 2349 4151741 [M+H] C,H,0, -2.49 180.88 Lignan 401.191 8, 355.145 0, Neoisostegane or J J
315.085 2, 181.063 8 isomer

86 24 4332124 [M+H]" C,H,,0, -1.23 189.16 Lignan 401.192 1, 387.180 9, Schisandrin or isomer N N
356.160 3, 341.137 6,
315.1212

87 24.03 341.1368 [M+H]" C,H,O -4.60 168.22 Lignan 313.105 8, 285.110 3, Maceneolignan E or J J
251.069 3, 165.068 2 isomer

88  24.57 387.1798 [M+H]" C,H, 0, -1.70 186.62 Lignan 372.155 6, 356.160 8, (-)-Gomisin L or N N
341.136 9, 300.097 4, isomer
165.068 7

89" 2535 537.2094 [M+H] C,H,,0, -7.40 207.69 Lignan 416.176 6,414.166 9, Gomisin G N
371.149 2, 343.115 0,
285.073 8

90 2539 519.2011 [M+H]" C,H,0 -0.50 209.44 Lignan 415.173 9, 343.115 0, Schisanchinin A or N
219.079 6, 181.064 1  isomer

91 2570 4833098 [M+H]' C,H,O -1.49 207.08 Terpenoid 343.108 1, 253.129 1, Henrischinin C or N
167.048 3 isomer

92 2582 5372101 [M+H]" C,H,,0, -3.38 20595 Lignan 416.176 4,414.166 9, Isomer of N
371.148 5, 343.115 5, schisantherin A
312.098 5

93 2642 4032107 [M+H]" C,H, 0, -2.03 18597 Lignan 371.176 8, 341.137 3, Gomisin K2 or isomer N N
301.105 8,287.090 5

94 27.13 537.2099 [M+H]' C,H,0, =-3.70 20634 Lignan 416.1770,371.147 9, Isomer of N N
343.1151,312.097 4 schisantherin A

95 28.05 519.2024 [M+H]" C,H, O, 1.94 207.95 Lignan 414.166 8, 398.170 6, Schisanchinin A or N
343.115 3,285.073 8 isomer

96" 28.50 537.2094 [M+H] C,H,,0, -4.58 20557 Lignan 416.179 5,414.164 5, Schisantherin A N
371.148 3, 343.115 6,
312.098 2

97" 28.51 553.1843 [M+K]" C,H,,0, 1.67 206.04 Lignan 416.179 4,414.164 5, Schisantherin B N
371.148 3,343.115 6

98" 29.06 4032105 [M+H] C,H, O, -2.52 191.01 Lignan 357.167 8,325.141 9, Schisanhenol J N

301.106 7
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99  31.15 4152104 [M+H] C,H, O, -2.69 188.75 Terpenoid 385.196 1,369.168 5, Meprednisone acetate N N
353.173 5,323.126 9 or isomer

100 32.12 4152105 [M+H]" C,H, 0, -2.45 187.92 Terpenoid 385.197 0, 369.168 6, Meprednisone acetate N N
353.174 5,323.126 6 or isomer

101 3548 399.1784 [M+H]' C,H,O, -4.56 184.94 Lignan 371.176 7,301.105 7, Allyl 2-O-benzoyl-3- N N
165.068 1 O-benzyl-6-deoxy-

a-L-mannopyranoside
or isomer

102 3735 4172263 [M+H]' C,H,0, -2.08 190.55 Lignan 402.202 2, 387.179 2, Schisandrin A or N N
347.148 0, 301.105 9, isomer
241.084 6

103 39.86 4832369 [M+H]" C,H, 0, -1.72 198.54 Terpenoid 453.216 1,401.190 5, Gedunin or isomer N N
323.124 4

104 4026 401.1945 [M+H]" C,H,O, -3.41 186.38 Lignan 386.1719,331.114 8, Schisandrin B or N N
301.105 5, 285.075 3, isomer
227.068 2

105 40.73 401.1951 [M+H]'" C,H,O, -1.91 184.74 Lignan 386.171 0,331.117 0, Schisandrin B or v N
301.103 7 isomer
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Figure 2 Development of the UHPLC/IM-QTOF-MS approach for the characterization of Schisandra chinensis components. A: Base peak

ion (BPI) chromatogram obtained on 10 different stationary phases; B: Optimization of capillary voltage and cone voltage of Vion™ IM-

QTOF-MS operating in the positive and negative ion modes

(El4).
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Figure 3 BPI chromatograms of Schisandra chinensis acquired in the positive and negative ion modes. The peak numbers are consistent

with those in Table 1
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Figure 4 MS’ spectra and fragmentation pathway annotation of gomisin N, (—)-gomisin L, schisandrol A, and schisantherin A by the

UNIFI software
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Figure 5 The high-accuracy MS’ spectra and fragmentation pathways annotation of gomisin D, D-epigalbacin, schicagenin B, and proto-

catechuic acid, by the UNIFI software



< 690 - 2424223 Acta Pharmaceutica Sinica 2024, 59(3): 678-692

53457 H,0 19 5, Bhab, %284k &9 4 KA A B I b
RER—4rF CH,COO, FFAEWE Fr & m/z 485.213 0
[M+H-CH,COO-H, O] 4 #E: v vk 7 1 P9 s IR 24 I
ER—TFHOFE. @i iZR SRS
H 2 i 72 0F L, HE W iZ A6 & P08 schicagenin B B¢ H:
[ 43 S AL AR (18] 5)
2.3 BHEBREUEYMETE

A HUER A AP0 1) — T vl 2R A 485 20 3 B4 2k
FEORIPHUARHE (BRIt K B b B R LA . AR T ST A
E— M A HLERIEAL &9 2 (¢, 3.41 min, CCS 158.79 A2),
HHED T8 T N m/z 153.018 2 [M-H]", i i 5 i it %F
Lo e 2 BRI LR, FE B TR T £ R R
AR B 43 B Rr AR 7 B - m/z 109.028 8 [M-H -
COOH] (5).
24 HiERLEY

AR S At 3 e a4 T 6 R LA SR AL A4, A
8 S PP S L FIBEERZE (7T
3 HDDIDDA REM B S

% T+ HDMS" 5 HDDDA 1) % H L %, 76 & T4
b, S8R UNIFT A X6 By R 4€ 21 i) HDDDA #5045
AT AL B, 8 T3 5 E A A BRI B RS T, AL
JE H 84 (47 FhmE 2 33 MR MG R 2 PP 8 1 Pl i
L0 28 1M B R S8 HAT BE iR MST A S
W, Ho4x 21 Fbv i HDMS® Ab 5 4h 78 /3 8. B4R, X Fh
AP AR EE 7 HDDDA $¥, 7+ HiRft 7 5
AP EERIAH ) CCS A S5 B, ARk T K&t

A

CCS: 180.02° A2
Pl 7,: 18.90 min

Retention time / min
=

5 . 75 10
Drift time / ms

C

el Al &4 B 1R o3 S K A Al B ) B i IX o 3 i T 2%
S, i, AREEAFE Y 11.9.15.0.18.9 min FIFEHERLIL
EWILL L m/z R 387.17.431.20.545.23 f [F] 43 S Kl A 4o
IM 2250 B (Bl 6AB), IXTE R A b 245 2 0y RAETT
T LA SR AR 38 . A, ACHIE 50 2 T AL 38 2 ) B0k
54—k CCS 15 B R & (https:/CCSbase.net)?",
T AN S TR A A A AT CCS A T 5 44
UL, Tk 6C Frow, i i€ 1) 7 i AR ACCS 33/ T 4%,
X7 KB, 7 G Z 2 5 BRI LR, CCS LI
N FH e T it — 2B i ik A X 5 H bR ik &9, (BRI,
TX — SR W PR A M TS T L — P ISR

g

AW 53T UHPLC/IM-QTOF-MS B4 HDDIDDA
HE AR, I8 8 8HES B Bk KB
105 Fh Ak 22 i 4, A4 56 Pl 25, 42 FoR g 2228, 5 F
I, VMENIERZE DL 1 Rl 28, 55 JLSR S AH L,
T 37 ¥ HDDIDDA 34 7 % B & (it w5 7 25 B % e
JoE B MS 3, TH AL B B R e e AR R R L R
w1 T AR, BEA, IM 43 B IR T 1) CCSE 465 BN
) 43 S AL R B SR B A I X A 3R T/ 3%

55 56 1 TR - BE R4k 2 B AN A ) A2
FRF K B R B =i R S TR R B 2 TR
WEH AN REMEY, X e 5 AR ENNEY)
(AR I KN DDA O, B =k R0 & il B g
R PR FEIAR, XA %A B BRIk,

»
5
s
B
o
%
O
o

360 440 520
m/z, Da

2.99

SIS 2275, 210.80

14.31 Wuweizidilactone O

Wuweizidilactone N 515228 6 218.36
Pre-schisanartanin E 529.242 4 208.22
Methyl acetoxyangolensate ~ 529.242 9 210.27
Gomisin D s8Il 9218 206.17
Wuweizidilactone H 531222 6 213.74
Micradilactone A 577.228 9 213.53
Arisanlactone B 5772303 215.81

217.10 0.19 CyeH3,0,
217.70 030 ~0.20 CeH30,
201.40 327 ~1.48 CooHy0,
215.80 2.63 ~0.50 CooHy0,
20030 285 —4.67 CyeHy 010
219.20 255 ~1.82 CasHy010
207.50 2.82 1.60 CooHy01
207.50 3.85 4.10 CaoHy01

Figure 6 The discrimination of co-eluting components with the same retention time (A) and isomers with the same m/z (B) based on the
assistance of CCS; CCS prediction and delta CCS calculation of isomers based on CCSBASE (C)
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