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Abstract: Traditional Chinese medicines (TCMs) have played a key role to maintain
health for Chinese people for thousands of years, and the chemical compositions should
be responsible for the pronounced therapeutical benefits. It is thereby of great impor-
tance to analyze the chemical compositions of TCMs. Liquid chromatography coupled
with tandem mass spectrometry is widely used for the chemical profiling of TCMs.
However, chromatographic separations have been complained as a time-consuming
course, thus dampening high-throughput measurement. Fortunately, attributing to the
assistance of gas phase fractionation technique, MS/MS""" owns a unique ability namely

mass spectrometric separation wia enabling MS' ion cohort sequentially entering the
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collision cell and acquiring MS? spectrum for each 1 u mass bin. Lycii Fructus is one of
the most famous edible herbal medicines and featured with the tonic benefits towards
liver, kidney, and eye as well. It is necessary to pursue a rapid method to characterize
the chemical profiles. Herein, Lycii Fructus was employed as a representative case to
illustrate and validate the applicability of direct injection coupled tandem mass spectrom-
etry full scan (DI-MS/MS*") towards rapid chemome characterization of TCM. First,
Lycii Fructus extract was directly imported into electrospray ionization source of quadru-
pole time-of-flight mass spectrometer with an infusion pump at a flow rate of 10
pL/min. Then, MS/MS*" was programmed for multi-stage spectral measurements
under positive and negative ionization modes. MS' spectrum was recorded in the range of
m/z 50-1 000, and MS* spectrum was acquired for each mass window with 1 u width
from m/z 50 to m/z 1 000. After assigning each MS’ spectra to its precursor ion, the
MS'-MS? dataset was constructed, and extensive attention was subsequently paid onto
MS/MS spectral interpretation. Following database retrieval and reference data, a total
of 38 components were tentatively identified from Lycii Fructus extract, including one
amino acid, nineteen organic acids, two glycolipids, six phenylpropanoids, one
flavonoid, six alkaloids as well as three amides. Above all, DI-MS/MS*" is an eligible
analytical tool for rapid and in-depth chemome characterization of traditional Chinese
medicine as well as some other complicated matrices.

Key words: direct injection coupled tandem mass spectrometry full scan (DI-MS/
MS*) s Lycii Fructus; chemome characterization; fragmentation pathway; MS!-MS*
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Fig. 1 Tandem mass spectra of Lycii Fructus extract collected

by DI-MS/MS*"* under positive (a, b) and negative (¢, d) ion modes
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Fig.3 MS? spectrum (a) and proposed fragmentation pathways (b) of p-coumaric acid-O-glycosides

A WA B TR T B A R T I
#WEAIM—H] JBAF A 08 7 B E 2 f it
IR 1 R Ak SRE R P O AR i
TR H (CH O, 86 w) . T R W fig & 7
(G HyO,,100 w) &, BeAh, i T b 34 iy 2
VLR 5 AV 3 H A O O A5 S AT AR L R
St E R CH,0030 w) . CO28 u) &
PR AR R RS

PG 13 Ry i), f1 s TR 194+
BFRHm/z 210.077 OLM—H] , #iiil =43+
KR Co Hiy NO, GRZE R —0.9X107°), EZAY#E
BB TFA m/z 124.040 0,94. 029 8FI166. 034 6,
HMS? JERUR TR da, 254 0N 6T 2 41
R T R A R X R B R A IR AR AT
)&, KB F m/z 124.0400[M — H —
CiH; O, ] JE BB FIEMLIE 38 I N JFF4b & A4
Wi 45 C,H; O, (86 W B %0 R T4k 1
F-4: CH, O30 w).CO28 w) 4 BIF 5 i B 55 7
m/z 94.029 8 M—H—C, H; O, —CH, O] Hl m/=
66. 034 6(M—H—C,H;0, —CH,O0—CO] , It
Gb BB F IR R B 25 1 43 F HER (46 w) j7 A
WER B F m/2z 164.040 8 M— H—HCOOH ] .
L, 2 2% M 5 SCHR™Y DA ROBUs IR &R 1 4
HEM [ M—H]™ m/z 210. 077 04 4-[ 2-H ik 3-

5-CHR 3 -TH-mE g -1-2E - T BR » Ho vl BB A i
SRR R T E 4b,
2.3 BIREUEVNEHRETE

AHFGE H T DI-MS/MSHM H AR M A e
e 3 AN BRI AW 4 1 AN TR 2K
TR P B S 2 Ak 5 0 (36) 1 2 A IR Trie 54 iy 1k g
FALE W (37 1 38) . MR ZIEYNZ R
o T AR A R AR 6 Sk A I LR % 2 A o
7 I MS' MS 55 17 HE .
2.3.1 AEZMAB B EMAGY 2R
T3 ok e K 22 AT I e 45 40 » IE B AR 1
1 S B R A AR WAL M R W 4 T
(CsHy NO, 137 w = IE B 155, Qb i 2
(m/z 163) , A WNMEBEIE On/2 165 %, | FH
SR AR RS R U AE IR AR AT TR L 8 ok
HEBTR R IR B R S a2 R A CO28
w . H,O(18 u) ,CH,+(15 u) ,CH,OH (32 u) %
A ER.

PbG 36 S, 1F B 78R 1 MS!
T R Sy T8 T m /= 314. 138 4[M+
HI™ L @i 4 7 308 G Hyy NO, GR 2558
—0.8X107°"), FEMBE T T m/z 177. 048 4,
162. 084 5F1121. 060 5%, F MS {E &/~ T & 5a,
R A0 T 00 4 76 FR 4 RO 25 A b R o 2



308

JE 3 2 R H434
x102
a
[M—H—C,H,0,~CH,0]~ [M=H-C,H,0,]~
gk 94,0298 ~——— 124.0400
2 gt
2 7| [M—H—C,H,0,~CH,0~CO||”
2 gL 660346
2r [M—H—HCOOH]~
164.0408
0 1 T | " II Lol i mlu.: aunl : al FETENIT II“ 11 T |I|I| P I‘ " n T i T
60 80 100 120 140 160 180 200 220
mlz
>ﬁ< <
OHC N
—HCOOH
£|7 P
&
©) _ _
o -Hl gy —H
H
| OHC__N N
b ~CH,0 ) ~Co [
miz 124 mlz 94 miz 66

B4 4-[2-FmE-5-(FHE)-1TH-MIE-1-BE]-TBN ZRREE(a) R EFRIERBFEREZ (D)
Fig. 4 MS’ spectrum (a) and proposed fragmentation pathways (b)
of 4-[ 2-formyl-5-( hydroxymethyl)-1H-pyrrol-1-yl]-butanoic acid

x10?
i, [M+H-CoH,0;—NH,]* [M+H-CgH, NOT*
121,0605 177.0484
3 -
2
g or
2 M+H]*
= [M+H-CgH, NO—CH; 2[,4 mlA
1k 162.0845 T
/
0 } IILI {11177 || | | [l I" I |IIIIIII|I Ll IIIIIIII III|IIIIIII “ il IIL T [ TH]
60 60 60 60 60 60 60
mlz
b or +H" R A
LY g g
/OWN —CgH;;NO /OI)/\) —CHj;- ‘Oﬁ\)
H ———
HO O O
m/z 314 mlz 177 m/z 162
& |
= Q
= o
% + a7t
o OH+m /O: : P
\/©/ HO
mlz 121 mlz 149

B 5 N-S2 PR B AR AR ) Z R B E (a) R H RS RBERE (D)

Fig.5 MS’ spectrum (a) and proposed fragmentation pathways (b) of N-frans-feruloyl tyramine



B 1 4 < L A - 2 0 A T i DR A A A A T A i 4

309

BN B R AR R EATHE . B T
KRG WA R 2 B B 45 1 - 25 2 T Bt ik
AL W R S 1 43 R (Cs Hy NOL 137 w) 7™
Hom/z 177.048 A[M+H— C,H,, NOJ" # F
B R A 1 T CO28 w
ARG 5L (CH, 0 15w, 43 91 7% 2R W
F m/z 149.054 9{M+H—CyH,;; NO—CO "
F1162.084 5[ M+ H—CyH;; NO— CH,+]"",
WAL T e ) C— N B W 228 7= AR 0 B 5 m/ =
121. 060 5{M+H—C,, H; NO, ", R4 _Fikfz 8
HEMIIM~+H " m/z 314. 138 425 N-Jz =X Bl 3% fik
% Jie » G AT RE 09 3T % LA 3 2R T Sb.

2.3.2 KRBT EAGY WA
Py I i o LA WA e 5 B 2R R 2 Dk
LA B 2 HA W HE T 5L Gn /= 163)
TAMMERE L Gn /2 165) 5, SRR
P53 T M — 50 o K e 750 10 T i iy 2/ 7 T Mg S Ak
A T A5 B IR IE B L i — 2P R AR CO28 w)

ZA PR, NH, (17 w .C, HyN(71 w) |
CO(28 w ,CyHy (42 w) \CHyN(29 w) &2,
LA 37 R, 1E B R Sy
BN om/z 472. 243 SLM+H]" L Bl 46 & 9
BT A Cos Hyy N, O GRZE 8 —0.8 X109,
TR F A m/x 310.201 7, 293.176 0,
220. 089 4.163. 032 9%, H: MS? 1E K/~ T & 6a.,
W TZRAL G W S5 1 B 2 N i, b & A
2 AN BN 1A S5 S 7T AE T e S Ak T 54 7 A
m/z 163.032 9[M+H— Cs H,, N, O, ] Fl m/ =
310. 201 7IM+H—C, H; O, | B B 7. A
BT m/z 310. 201 THETAE @ HE AL K AEWT R, h
PER NH, (17 WIE R 81 m/z 293.176 0
[M+H—C,H; O, —NH, 75 1Mi #% F B F m/=
220. 089 4LM~+H— Cys Hyy N, O, |7 ] 2 fiy B} 55
FAEWZ M C—C #Wr 2 . Hit, il -
WAEBHEMIMA-H]" m/ =z 472. 243 8% N' -
P N - A P P IV A e E T e ) O 1 2 i i

WPk &G, E RN IE B e | R A kA — 7T 6b,
x10°3
g- a [M+H]*
472.2438
6r +
2 [M+H=C3H,0N,0;]
é’ 220.0894
8 4t
R= [M+H—C¢H,7N;05]* [M+H—-CoH 051"
163.0329 310.2017
2r [M+H—=C3HN,05]*
k 293.1760
0 SEIIRAITE TOY D h N | . ; .
100 200 300 400 500 600
mlz
b +H" o +a*
0 OH 7 A
N E E —C16H27N;03
HO H 0 - OH
OH mlz 472 LA n m/z 163
N .
o +Hl
NN
(l_) N
o HO H
> OH
~ . miz 220 .
OH+ﬁ| +HI
H,N AN AUN OH 3 NN OH
(6] (6]
m/z 310 miz 293

B 6 N'-mn kBN - & ol i B0 A BE B — R RIS B (a) R E RIS REEEZ (D)
Fig. 6 MS’ spectrum (a) and proposed fragmentation pathways (b)

of N'-caffeoyl-N?-dihydrocaffeoyl spermidine



310

3 #it
AHFFER A DIEMS/MSM R AL A AL
TACE o A SRR E 38 MBS, T A

T 250 i B — B TF R AR IR B2 % . %4
AR ELAETE B B ol LS Q- TOF MS

o R o BRI LRSS A S
L 25 5 R FR A2 B3 B PR A AT S 2y
SE 3 BRI B VEAN SR A A oA DAL H
DI-MS/MS™" e AR A7 76— & 1Y Jmy BRPE L 2 %
JE IR 2 1 o AF AR [ 3 S 4 A ) I3 k)
Hyygr#irHE. XEUE&NP”’J‘EPT“{U’?
EE@E%%WM@%%%O Wz k5
(14 [7) 43 5 46 44 IX 43 O 35 Bk ﬁuﬁéfﬁbiﬁ
PR AL AT 4R o 2 Ak A By f R 43 BT
PR Y AR 2

e pd ¥

(1) EZRAMmZ RS P NRIEAEZ . — 3
CML b0 [ B 25 B iRk . 20202 260.

(2] #%E. MR 2087 B v A 1T R
P LR WE LD, SN L E N ERL R %, 2016.

[3] DONNO D, BECCARO G L, MELLANO M G,
CERUTTI A K, BOUNOUS G. Goji berry fruit
(Lycium spp.): antioxidant compound finger-

print and bioactivity evaluation[J]. Journal of
Functional Foods, 2015, 18: 1 070-1 085.

C4]  BRSZAR. MRS 0¥ 24 24 F ARG R L AN {8 43 A
(. 5 d B2 2 £ 30 - 2015, 15.(59) 92
CHEN Lige. Analysis of pharmacological effects
and clinical application value of Lycii Fructus[]J].
World Latest Medicine Information. 2015, 15
(59): 92(in Chinese).

[5] YUM S, WONG A, SO K F, FANG J N,
YUEN W H, CHANG C C. New polysaccharide
from Nerium indicum protects neurons via stress
kinase signaling pathway[]]. Brain Research,
2007, 1 153(11) . 221-230.

[6] YEZ, HUANG Q, NI H X, WANG D. Cortex
Lycii Radicis extracts improve insulin resistance
and lipid metabolism in obese-diabetic rats[]J].
Phytotherapy Research, 2008, 22 (12): 1 665-
1 670.

(7] BREH - XUBE ARG IRA TR FT . 20T MR
SRELRES. WEMAC 37 XA IR IR BT &
FWLT] W E 22 &, 2014, 39 (11) - 1 979-

1 984.

XU Changqing, LIU Sai, XU Rong, CHEN
Jun, QIAO Haili, JIN Hongyu, LIN Chen,
GUO Kun, CHENG Huizhen. Investigation of
production status in major wolfberry producing
areas of China and some suggestions[ J]. China
Journal of Chinese Materia Medica, 2014, 39
(11): 1 979-1 984 (in Chinese).

(81 Ry Fv 4L UL, 5K £ - w5 I8 e 5 i k. I o BBk

FREARAE KR 7 W) 45 ¥ %5 7 vp i o S 30k %[J]
ZiM o Hr 2 75 ,2013,33(2) :349-354.,
ZHANG Jiayu, QIAO Yanjiang, ZHANG Qian,
GAO Xiaoyan, LU Jianqgiu. Progress on applica-
tion of LC-MS technology in structural identifica-
tion of the natural products[J]. Chinese Journal
of Pharmaceutical Analysis, 2013, 33(2): 349-
354 (in Chinese).

(9] XUH . B 20K, 26 T (0 335 F AR 10 v 25 25 340 o

gk EL)]. 2554 ,2019,54(1) . 73-81.
LIU Jie, XIAO Hongbin. Research progress on
pharmacodynamic substances of Chinese Medicine
based on chromatographic techniques[J]. Acta
Pharmaceutica Sinica, 2019, 54 (1). 73-81 (in
Chinese).

[10] JINH L, LIU Y F, GUO Z M, WANG ] X,
ZHANG X L, WANG C R, LIANG X M.
Recent development in liquid chromatography
stationary phases for separation of traditional
Chinese medicine components[J]. Journal of
Pharmaceutical and Biomedical Analysis, 2016,
130 336-346.

[11] LUCIE N, PETR C, PETR S. Ultra-fast sepa-
ration of estrogen steroids using subcritical fluid
chromatography on sub-2-micron particles[]].
Talanta, 2014, 121. 178-186.

[12] TAOD Y, ZHANG L H, SHAN Y C, LIANG
Z, ZHANG Y K. Recent advances in micro-scale
and nano-scale high-performance liquid-phase
chromatography for proteome research[ J]. Ana-
lytical and Bioanalytical Chemistry, 2011, 399
(1) 229-241.

[13] GUO J, HUAN T. Comparison of full-scan,
data-dependent, and data-independent acquisition
modes in liquid chromatography-mass spectrome-
try based untargeted metabolomics[J]. Analyti-
cal Chemistry, 2020, 92(12): 8 072-8 080.

[14] CALDERON S M, PRIEGO C F, MARIA D L.



534

B 1 4 < L A - 2 0 A T i DR A A A A T A i 4

311

[15]

(16]

[17]

(18]

Enhanced detection and identification in metabo-
lomics by use of LC-MS/MS untargeted analysis
in combination with gas-phase fractionation[]J].
Analytical Chemistry, 2014, 86 (15):. 7 558-
7 565.

YAN Z X, YAN R. Improved data-dependent
acquisition for untargeted metabolomics using
gas-phase fractionation with staggered mass
range[ J ]. Analytical Chemistry, 2015, 87(5):
2 861-2 868.

RON B, GERARD H. SWATH data independ-
ent acquisition mass spectrometry for metabolo-
mics[J]. Trends in Analytical Chemistry, 2019,
120. 115 278.

SIMONS B, KAUHANEN D, SYLVANNE T,
DUCHOSLAYV E, EKROOS K. Shotgun lipido-
mics by sequential precursor ion fragmentation on
a hybrid quadrupole time-of-flight mass spec-
trometer[ J ]. Metabolites, 2012, 2(1).: 195-213.
B A 0 I L AT R RN XN IR B AR B
K. M T A P A A ) UPLC-Q-Exac-
tive Focus-MS/MS % 5E [J].  [E 5L 56 5 7] 2% J
#%.2020,26(18):124-132.

HU Jing, YANG Yuanyuan, REN Hui, CUI
LIU Xiaomei, LUO Jiayi, CHEN

Identification of chemical constituents

Xiaomin,
Zhiyong.
in caulis of Erycibe schmidtii by UPLC-Q-Exac-
Focus-MS/MS[J]. Chinese

tive Journal of

[19]

[20]

[21]

[22]

Experimental Traditional Medical Formulae,
2020, 26(18): 124-132(in Chinese).

SUN C H. WANG Y Z., SUN S Y, CHEN X,
SHI X L, FANG H Z, ZHANG Y, FANG Z.
Fragmentation pathways of protonated coumarin
by ESI-QE-Orbitrap-MS/MS coupled with DFT
calculations[ J]. Journal of Mass Spectrometry,
2020, 55(5): e4496.

JEIERE. A AT T B0 BT R % i BRI A R 43 B 5T
[DI. J7H ke, 2016,

WRIDEHS L 950 7% B AR TR A, 24 3, XDt T
UPLC-LTQ-Orbitrap 73 #% 5 il (1) 3t & B AL 2%
Jay oy M LT 0. i [ AR 28 2 785 2019, 44 (20)
4 486-4 494.

CHEN Xiaohe, SU JIANG

ZHANG Wei, JIANG Yanyan, LIU Bin. Identi-

Lei, Lijuan,
fication of compounds in Lycii Cortex by UPLC-
LTQ-Orbitrap-MS[J]. China Journal of Chinese
Materia Medica, 2019, 44(20). 4 486-4 494 (in
Chinese).

ZHANG K, LIU W J, SONG Q Q. WAN ] B,
YU J, GONGXC, CAOLB,SIDD, TUPF,
LI J, SONG Y L.

direct infusion-tandem mass spectrometry as an

Integrated strategy drives

eligible tool for shotgun pseudo-targeted metabo-
lomics of medicinal plants[J]. Analytical Chem-
istry, 2021, 93(4). 2 541-2 550.

CcHE H #.2021-06-02 ;4 [0l H 19 :2021-08-08)



