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Abstract: Objective To analyze the main chemical constituents of traditional Chinese medicine compound Chenxiang Huaqi Pills by
using UPLC-Q-TOF/MS technology. Methods The separation was performed on Phenomenex Kinetex C;g column (100 mmx4.6
mm, 2.7 pm), and the gradient elution of acetonitrile-0.1% formic acid was used as mobile phase at a flow rate of 0.8 mL/min. The data
was collected by the positive and negative ion modes using Q-TOF/MS and ESI source. The main chemical constituents of Chenxiang
Huagqi Pills were identified according to the exact molecular mass, the cleavage fragments of MS/MS, the literature data, and the
reference control . Results A total of 73 chemical components were separated and identified in Chenxiang Huagqi Pills, including 36
flavonoids, 16 2-(2-phenylethyl) chromones, 7 triterpenoid saponins, 2 sesquiterpene lactones, and 12 other components. Conclusion
This study showed that UPLC-Q-TOF/MS technology provided a simple, rapid, and accurate method for the identification of chemical
constituents in Chenxiang Huaqi Pills, which provided a new technology method for the pharmacological basis and quality control of
Chenxiang Huaqi Pills.
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Fig. 1 Total ion chromatograms of Chenxiang Huagqi Pills extracting solution by UPLC-Q-TOF/M S
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Table 1 Qualitative analysis results of chemical constituents in Chenxiang Huaqi Pills extracting solution by

UPLC-Q-TOF/MS

2 min Aty a7t il - e WHET 1%951 P
(mz) (miz) (ml2) (X107
1 3638 4R CyHyOs 3941526 [M+H] 5951602 577,505,475 -055 6 C,D
[M—H]  593.1608 575,503,473
2 4201 stellarin-2 CyHiOy 6241690 [M+H]" 625.1774 607, 559, 487 -174 6 C
[M—H] 623.1703 533,503,383
3 4650 rotundine B CisHpyNO 2331776 [M+H]™ 2341849 146 146 78 E
4 5121 (+)-p-rotunol CisHuyNO 2331772 [M+H]" 2341845 216,188,160,146 318 79 E
56299 VIENE® CHi0s 3181104 [M+H]" 3191177 301,283,255, 027 1011 A
227, 164
6 7192 R CyHyOps 5961827 [M—H] 595.1754 287,459 139 12
77284 HEZA-O-FFH-(1-2)-p-MEHERE  CHO;5 5501802 [M—H]  549.1729 255,135,429,  -391 1315 G
413,293
8 7707 aquilarone B CiHi0s 3181100 [M+H] 319.1173 301,283,255 099 10 A

227, 164
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7847  HEFH® CyHpO, 4181405 [M—H]" 417.1332 255,135 278 14-15 G
[M+Na]™ 441.1158 257,147,137
7927  HEET-0-FFHE-(1-2)-p-MIHHARE  CyHyOp  550.1788 [M—H]™ 549.1715 417,255,135 -137 15 G
10230 ZEFHIREH CyHyp0y 5801777 [MAH]™ 5811850 435,419,273 255 16 C
11363 Mhg#E* CyHypO0ys  580.1886 [M—H]™ 579.1813 459,271 0.02 617 C
12230 BEE® CysHy015  610.1887 [MAH]™ 6111963 465,449,431, 122 617 C
345,303
128 FHAH CysHyOps  608.1745 [M4H]™ 609.1814 463,301 -066 612,17 C
13311 Bl R CyHyOps  610.1887 [MAH]™ 6111960 465,449, 431 172 16 C
14914 iR HEH CyHyO;; 5501799 [M—H] 549.1726 417,255,135 -337  14-15 G
15535 HHHH CyHpO, 4181642 [M—H] 417.1569 255,148,135 =337 14-15 G
15.626 neolicuroside isomer CyHy0p3  550.1803 [M—H]™ 549.1730 429,255,135 409 14-15 G
16242 Bl CyHpO, 4181642 [M—H]" 417.1355 255,135 =337 15 G
16501 HEX CisHpO, 2560740 [M—H]™ 2550663 210,135 163 14,18 G
[M+H]" 257.0809 147,137
16.673  1,7-bis(4-hydroxyphenyl)-3,5-heptanediol ~ CjoH,40, 3161809 [M—H]” 315.1736  163,149,121,106 582 19 F
17311 FHEH CysH3014 5941947 [MAH]™ 5952020 541,449,433 022 6,16 C
415,329,287
18.144  citrusin III CyHsN;0p 727.3907 [MA4H]™ 7283980  700,615,502,339 —034 6,17 C
18.190 HERH A3 CiHp0y 9844582 [M—H]” 9834509 805,351 -159  14-15 G
18.781  yunganogenin K-O-GluA-GluA CoHpOp; 8384024 [M—H]™ 8373951 351 -438 20 G
18.839  6,8-dihydroxy-2-(2-phenylethyl)chromone  Cj;Hy,0,  282.0888 [M+H]"™ 283.0961 283,192, 164 137 1021 A
19.418 ginanone g (isomer 1) CioHig0s 3261154 [MA4H]" 3271227 221,107 0 10 A
19.569 HEZH G2 CoHpO 8384038 [M—H]™ 8373965 351 -6.05 14 G
[M+H]" 839.4042 487,469
19.603  glabric acid-O-GluA-GluA CoHpO 8384046 [M—H]” 8373973 351 =701 20 G
19.673 qinanone g (isomer 2) CipHig0s 3261140 [MA4H]" 327.1213 220,177,107 429 10 A
19.997 FHHEHE CyHyO; 3721190 [MA4H]" 3731263  357,343,329,315 505 6,17 C
20051 glyyunnansapogenin E-O-GluA-GluA ~ CpHg0p; 8384043 [M—H]™ 8373970 351 -6.65 20 G
20142 5-F2FE-673' 4 5 H A I CoHyOs 3881156 [MA4H]" 389.1229  374,359,341,316 0.5 17,22 C
20258 HER® CoHpOr 8224068 [M—H]™ 8213995 351,193 364 14 G
[M+H]" 8234131 647,453
20.443  ginanone g (isomer 3) CHig0s 3261154 [M+H]" 327.1227 221,205,107 0 10 A
20.792  glycyrrhizin isomer CpHpOr 8224089 [M—H]™ 8214016 351,193 -6.19 14 G
20947 RS CyHy0; 3721204 [MA4H]" 3731282 357,343,329,312 129 6,17 C
21145 RESEEFE CpHis0p 3421100 [MAH]" 3431173 328,313,285 092 6,17 C
21.619  7-hydroxy-2-(2-phenylethyl)chromone CyH,0; 2660945 [MA4H]" 2671018 176, 161, 137 -0.86 1021 A
21932 ZHRBRY R AR CHisOs 3740996 [M+H]™ 3751069 360,342,317 145 17 C
299, 183, 168
20140 JIBEEE® CyHpOs 4021314 [MA4H]" 4031387  388,373,355,327 0.1 61723 C

[M+H]

22408 FEHEEH CiHpOg  342.1099 [ 1" 3431172 327,313,299,282 121 6,17 C
22.759  isocorymbolone CisHyO, 2361771 [M+H] 237.1844 219,201 214 24 C,E
23.078 3,5,6,7,8,3 4L A IEE R CpHyuOy  432.1407 [MA4H]™ 4331493 418,403,385 303 6,17 C
23132 FHA M CisHu0, 2361781 [MA4H]" 237.1844 219,201, 159 =209 2526 F
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46 23.148 6,7-dimethoxy-2-[2-(4-methoxyphenyl) ~ CyHyOs  340.1252 [M+H]" 3411325 220,121 -007 1021 A
ethyl] chromone
47 23293 AHI3 CyuHyOs 5661941 [MAH]" 5672014 549,531,283,  —0.10 10 A
267,255,239
48 23449  6,7-dimethoxy-2-(2-phenylethyl) chromone ~ CjoHi;s0;  310.1209 [M+H]™  311.1282 220,205, 177 -134 1021 A
49 23499 semilicoisoflavone B CyHig0 3520951 [M—H]” 351.0878 333,321,296,265 -1.10 13 A
50 23935 HEOE® CyHyO; 3721204 [MA4H]™ 3731282 358,343,325,297 263 6 G
51 24.051 licochalcone D CyHp0s 3541451 [M—H] 353.1394 321,298,284,177 465 1527 C
52 24167 3,5-dihydroxy-7,3' 4-trimethoxyflavone ~ CisHiO;  344.0903 [M+H]" 3450969 330,315,302, 167 -0.06 28 D
53 24258 5-(1,1-HILGA)344-ZRH0- CyHR0s 3541472 [M—H] 3531399 323,295,283,  -128 1527 G
R LA H 270, 149
54 24712 HARE CisHyuO, 2361771 [M+H]" 2371844 219,201,159 214 25 F
[M+Na]”  259.165 5
55 24815 liconeolignan CyHpOs 3541452 [M—H]" 353.1378 227,192,125 465 27 G
56 25.085 licoisoflavone A CyHis0p 3541119 [M—H]  353.1031 284,267,243,  -434 27 G
216,201
57 25127 cypersol B CisHu0, 2361767 [MA4H]™ 237.1840 219,201,179 38 29 E
M+Na]”  259.166 2
58 25302 2-(2-phenylethyl)chromone CyHu0, 2500996 [MA4H]™ 2511069 173,160, 121 -098 1021 A
59 25.585 5-hydroxy-6,7,8,3' 4-pentamethoxyflavone CyHyOs  388.1156 [M+H]" 389.1229 374,359,341,197 050 1722 C
60 25655 6-methoxy-2-(2-phenylethyl)chromone ~ CjsHiO; 2801101 [M4H]™ 2811174 190, 151 -0.64 1021 A
(isomer 1)
61 26136  6-methoxy-2-[2-(4"-methoxyphenyl) ethyl] CioHis0, 3101195 [M4H]" 3111268 190, 121 318 1021 A
chromone
62 26.553 6-methoxy-2-(2-phenylethyl)chromone ~ C;gHiO;  280.1096 [M-+H]™ 2811169 190, 151, 124 LI5 10 A
(isomer 2)
63 27328 KEFRAEE® CisHyO, 2321454 [MAH]" 2331536 215,187, 159, 390 3031 B
145, 131
64 28362 FAARFNEE® CisHig0, 2301307 [MA4H]™ 2311380 213,185,157,143 —0.19  30-31 B
65 28567 licoisoflavone B CyHig0s  352.0946 [M—H]  351.0873 283,265,241, 032 1327 G
199, 139
66 28.621 | EEM® CpHi0; 2241046 [MAH]" 2251119 203,185,159,139  1.05 32 D
67 29.124 FHHE CisHpO0 2181671 [MAH]™ 219.1744 201,163,145,135 —027 29 E
68 31244 dehydroxy AH21 CyHy0;  548.1826 [MAH]™  549.1899 531,497,458 160 10 A
69 33270 o-FHIE CsHp0 2181680 [MAH]™ 2190753 201,177,163, 111 439  7-9 E
70 33.601 HETE CysHyisOp 4242237 [M+H]" 4252310 369,221,191 295 13 G
[M—H]  423.1955 229,193,174
71 34133 HLE® CisHp0, 2181665 [M4H]™ 219.0738 201,159,175,133 248 25 F
72 34463 glyurallin B CyiHy0s 4221730 [M+H]™ 4231803 367,311 -020 27 G
[M—H]"  421.1780 366,352,309
73 36.635 angustone B CysHyuOs 4201592 [M—H]” 4191519 351,265,219,199 -2.11 27 G

FRAMBREE  A-UIE B-RE CHRE D-UER BB F-EEER G-HE

“Further confirmation in comparison with standard compounds

D-Pogostemonis Herba E-Cyperi Rhizoma F-Curcumae Rhizoma G-Glycyrrhizae Radix et Rhizoma

A-Aquilariae Lignum Resinatum B-Aucklandiae Radix C-Pericarrium Citri Retieultae
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Fig.2 ESI-MS? (+) spectrum (A) and proposed fragmentation process (B) of narirutin
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Fig.3 ESI-MS? (+) spectrum (A) and proposed fragmentation process (B) of agar otetrol
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Fig. 4 (+) ESI-MS? spectrum (A) and proposed fragmentation
process (B) of glycyrrhizin

FERTIN, R IR R B i o B A AE IR B AT
e )87 b A7 B T AR A, H B ) o A A7 S AR K
NEBEWRAE, AT A3 2 B B e S
B, mAKRMIE. fET 2 MeRER AT .
Q-TOF/MS S = B AFEEMEHIE. T4
SRR R FALSE T SR SRR R R
IR, ERRIE. A TEATBRNEEE RN
4000V 3500V, GHTIELIHIA SRS
ksl FEASAFREASESESHMIERES
B W BSOSy IR SAE AR R B S K AR B
Bk R %Y, % RER ILI TR BN A AR IR & K
MBS, FUEB TR ARBRERN 12
L/min A1 5465 K 714 395.88 kPa. 1 i fill i g 2,
B TR TR ST E R, ARSLE
FER| KIS S A E, 5 2 MrakdE G E
10 eV J% 30 eV, i85 Al 5e = 3R 15 3 1
BTERE, S & 5.
UPLC-Q-TOF/MS WiRBRHEIA, KA/
HERH R, BAE SRS EE, R
J5E e v ) RS AR 0 o AN I B O DTS

FH AL B BEAT A T E P AT, B A e
TEITHE 73 MG, T AT 6 MEEY
MIPTRERMEIER, RAL ¥ RI7h R4 2 i 5k
fith, g — 2 B A AL SR R 24 R S ik it %t
EEHIR A TR BRI T i

SE Ik

[11 Hu C, Liang Q, Tang X, et al. In vivo metabolite
identification of bakuchiol in rats by UPLC/ESI-PDA-
QTOF-MS [J]. Fitoterapia, 2015, 106: 129-134.

[2] HHEZ5H [S]. —H#E. 2015.

(31 XIgfr, R, SN, 5. PUEH UL Bt
TR T (1], KIDEEH Bk, 2010(1): 9-12.

[4] E3H. DUESRINZ % SLEG T D REVETE LA R
BIGAELRGAE 37 ] [J]. PEBTEERLESHARE,
2012,20(11): 517-518.

(51 SHOEHE, $BEIE. Ba0E M QA RN E DA
SR 3 AE I E R 1. AT acE, 2012,
32(9): 1559-1563.

[6] Ye X, Cao D, Zhao X, et al. Chemical fingerprint and
metabolic profile analysis of Citrus reticulate ‘Chachi’
decoction by HPLC-PDA-IT-MS" and HPLC-quadrupole-
orbitrap-MS method [J]. J Chromatogr B, 2014, 970:
108-120.

[7] Kandikattu H K, Rachitha P, Krupashree K, et al.
LC-ESI-MS/MS analysis of total oligomeric flavonoid
fraction of Cyperus rotundus and its antioxidant,
macromolecule damage protective and antihemolytic
effects [J]. Pathophysiology, 2015, 22(4): 165-173.

[8] Peerzada A M, Ali H H, Naecem M, et al. Cyperus
rotundus L: Traditionaluses, phytochemistry, and
pharmacological activities [J]. J Ethnopharmacol, 2015,
174: 540-560.

[9] Kumar K H, Razack S, Nallamuthu I, et al
Phytochemical analysis and biological properties of
Cyperus rotundus L [J]. Industrial Crops Prods, 2014, 52:
815-826.

[10] Li Y, Sheng N, Wang L, et al. Analysis of
2-(2-phenylethyl) chromones by UPLC-ESI-Q/MS and
multivariate statistical methods in wild and cultivated
agarwood [J]. Imt J Mol Sci, 2016, doi:
10.3390/ijms17050771.

[11] Li J, Chen D, Jiang Y, et al. Identification and

of 5,6,7,8-tetrahydro-2-(2-phenylethyl)
chromones in Chinese eaglewood by HPLC with diode
array detection and MS [J]. J Sep Sci, 2013, 36(23):
3733-3740.

[12] Gattuso G, Barreca D, Gargiulli C, et al. Flavonoid

quantification

composition of citrus juices [J]. Molecules, 2007, 12(8):



+ 2992 -

¢ %% ChineseTraditional and Herbal Drugs 55 49% %8 133 20184 7 H

[13]

(14]

[17]

(18]

[19]

[21]

1641-1673.
Qiao X, Song W, Ji S,
characterization of phenolic compounds and triterpenoid

et al. Separation and
saponins in licorice (Glycyrrhiza uralensis) using mobile

phase-dependent  reversed-phase x  reversed-phase
comprehensive two-dimensional liquid chromatography
coupled with mass spectrometry [J]. J Chromatogr A,
2015, 1402: 36-45.

Farag M A, Porzel A, Wessjohann L A. Comparative
metabolite profiling and fingerprinting of medicinal
licorice roots using a multiplex approach of GC-MS,
LC-MS and 1D NMR techniques [J]. Phytochemistry,
2012, 76: 60-72.

MRIRZR, =, T2t K HHKRK HPLC-MS
SHF [7]. TPRZY, 2014, 36(10): 2115-2120.

Zhang J, Gao W, Liu Z, et al. Systematic analysis of main
constituents in rat biological samples after oral
administration of the methanol extract of Fructus Aurantii
by HPLC-ESI-MS/MS [J]. Iranian J Pharm Res, 2014,
13(2): 493-503.

Zheng G D, Zhou P, Yang H, et al. Rapid resolution liquid
chromatography-electrospray ionisation tandem mass
spectrometry method for identification of chemical
constituents in Citri Reticulatae Pericarpium [J]. Food
Chem, 2013, 136(2): 604-611.

i K, PERGE, W B WU BOR S E R
YRR AL S [T PO, 2012, 34(6):
1111-1115.

Jiang H, Timmermann B N, Gang D R. Use of liquid
chromatography-electrospray ionization tandem mass
spectrometry to identify diarylheptanoids in turmeric
(Curcuma longa L.) rhizome [J]. J Chromatogr A, 2006,
1111(1): 21-31.

Ji S, Wang Q, Qiao X, et al. New triterpene saponins from
the roots of Glycyrrhiza yunnanensis and their rapid
screening by LC/MS/MS [J]. J Pharm Biomed Anal,
2014, 90: 15-26.

Lancaster C, Espinoza E. Evaluating agarwood products
for 2-(2-phenylethyl) chromones using direct analysis in
real time time-of-flight mass spectrometry [J]. Rapid
Commun Mass Spectrometry, 2012, 26(23): 2649-2656.
Zhang J Y, Zhang Q, Zhang H X, et al. Characterization
of polymethoxylated flavonoids (PMFs) in the peels of
‘Shatangju’ mandarin (Citrus reticulata Blanco) by online
high-perfor-mance liquid chromatography coupled to
photodiode array detection and electrospray tandem mass
spectrometry [J]. J Agric Food Chem, 2012, 60(36):

9023-9034.

(23]

(23]

[26]

[27]

(28]

[29]

(30]

(31]

(32]

[33]

Su Z H, Zou G A, Preiss A, et al. Online identification of
the antioxidant constituents
medicine formula Chaihu-Shu-Gan-San by LC-LTQ-
Orbitrap
spectrophotometer [J]. J Pharm Biomed Anal, 2010,
53(3): 454-461.

Kandikattu H K, Rachitha P, Krupashree K, er al.
LC-ESI-MS/MS analysis of total oligomeric flavonoid

of traditional Chinese

mass spectrometry  and  microplate

fraction of Cyperus rotundus and its antioxidant,
macromolecule damage protective and antihemolytic
effects [J]. Pathophysiology, 2015, 22(4): 165-173.

Lv D, Cao Y, Dong X, et al
pharmacokinetic study of curdione in Rhizoma Curcumae
by UPLC/QTOF/MS [J]. Biomed Chromatogr, 2014,
28(6): 782-787.

EOKAE. 253 AR A 2 123 3 i S 254K EN D1 22 A
[D]. bifg: - ZEE K, 2011,

LiYJ, ChenJ, LiY, et al. Screening and characterization

Analysis and

of natural antioxidants in four Glycyrrhiza species by
liquid chromatography coupled with
quadrupole time-of-flight
spectrometry [J]. J Chromatogr A, 2011, 1218(45):
8181-8191.

iR TEEIERIEROIITTT D] M TTRY
B, 2007.

Jaiswal Y, Liang Z, Guo P, et al. Tissue-specific

electrospray

ionization tandem mass

metabolite profiling of Cyperus rotundus L. rthizomes and
(+)-nootkatone quantitation by laser microdissection,
ultra-high-performance liquid chromatography-
quadrupole time-of-flight mass spectrometry, and gas
chromatography mass spectrometry techniques [J]. J Agr
Food Chem, 2014, 62(29): 7302-7316.

Kumar A, Kumar S, Kumar D, et a/. UPLC/MS/MS
method for quantification and cytotoxic activity of
sesquiterpene lactones isolated from Saussurea lappa [J].
J Ethnopharmacol, 2014, 155(2): 1393-1397.

Zhang J, Hu X, Gao W, et al. Pharmacokinetic study on
costunolide and dehydrocostuslactone after oral
administration of traditional medicine Aucklandia lappa
Decne. by LC/MS/MS [J]. J Ethnopharmacol, 2014,
151(1): 191-197.

Chen H, Li Y, Wu X, et al. LC-MS/MS determination of
pogostone in rat plasma and its application in
pharmacokinetic studies [J]. Biomed Chromatogr, 2013,
27(9): 1092-1099.

B, XEAE, KREE, %. 2T HPLC-Q-TOF-MS
HARBH F AL 8 [J]. HHE 2, 2016, 47(12):
2061-2068.



