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Abstract: Objective To systematically analyze the extract of Artemisia rupestris and its intestinal metabolism, liver metabolism and
comprehensive metabolic products based on sequential metabolic method combined with ultra-high performance liquid chromatography-
quadrupole-Orbitrap-linear ion trap mass spectrometry (UPLC-Q-OT-qIT MS) joint technology, and fully characterize its blood-entering
prototype components and the regularity of in vivo metabolic transformation. Methods The extract of 4. rupestris was prepared, and
after in vitro intestinal perfusion, plasma samples of intestinal wall metabolism, intestinal flora metabolism and liver metabolism were
separately collected. After intragastric administration, comprehensive metabolic plasma samples were collected. The components
contained in each sample were analyzed and identified by UPLC-Q-OT-qIT MS. Results A total of 53 chemical components including
flavonoids, sesquiterpenes and organic acids, were detected in the extract of 4. rupestris. A total of 43 prototype blood-entering
components and 20 metabolites were detected in the intestinal metabolism samples, 28 prototype blood-entering components and 20
metabolites were detected in the liver metabolism samples, and 18 prototype blood-entering components and 17 metabolites were
detected in the comprehensive metabolic group samples. Conclusion Based on the sequential metabolic method, the metabolic patterns
of A. rupestris in rats were systematically analyzed, its prototype blood-entering components and metabolites were identified, and the
differences in components among different metabolic sites and the biological transformation process were revealed, providing a scientific

basis and data support for clarifying the pharmacodynamic material basis of A. rupestris and improving its quality standards.
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Fig. 1 Total ion current chromatograms of extract of A. rupestris in positive (A) and negative (B) ion modes
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*1 —KERIIFULERSH UPLC-Q-OT-gIT MS 747
Table 1 Identification of chemical components in extract of A. rupestris by UPLC-Q-OT-qIT MS

BEET (m/z) R

%5 te/min LB AR A (X109 TR MS 0 F B (miz) ®EaR

Ml 0.89 [M—H]" 179.056 1 179.0558 —1.644 CeH120s  161.044 6, 134.987 0,71.013 0, 59.013 1 T m L

M2 090 [M—H] 179.0350 179.0345  3.156 CoHsOs  161.044 6, 134.987 0, 85.028 6, 71.013 0, 59.013 1 WHERRLT-S)

M3 090 [M—H]" 1910561 191.0558 —1.707 C;H1206  127.039 0, 93.033 6, 85.028 5, 59.013 1 e

M4 412 [M—H]" 353.0878 353.0862  0.323 CicHisO9  191.054 8, 179.033 7, 135.043 9 1-BhnidE gt 25 T R 1O

M5 557 [M—H]" 353.0878 353.0865 —0.067 CicHisO9  191.0549, 179.033 7, 173.044 3, 135.044 0 Mg

M6 674 [M—H]" 161.0244 161.0231 -1.166 CoHeO3  133.028 3, 117.033 5, 105.033 5 T-REAEE RN

M7 7.2 [M—H] 593.1512593.1512  0.001 Cx»HzOis 503.118 8,473.108 0,383.076 4, 353.065 9 KB HR-O- R 2N
INBRAEHC)

M8 737 [M—H]" 153.0193 153.0190 —2.438 C/HeOs  135.0077,109.028 5,91.018 0 J5 LRI

M9  7.82[M—H]" 367.1035367.1035  0.169 Ci7H2000  193.049 4, 191.054 8, 173.044 3, 155.033 8, 134.036 2, FEEEL % 7R
111.044 1,93.033 6

MI0 8.92 [M—H]" 353.0878 353.0870  0.521 CieHisO9  191.0551,179.033 9, 173.044 6, 135.044 1 ZRERRUO1415)

M1l 898 [M—H] 609.146 1 609.1465  0.895 CxHiO1s 300.026 8,271.024 2 PTI98

MI2 9.13 [M—H] 533.130 1 533.1304  0.629 CasHaeO13  175.023 8, 113.023 4, 103.002 8,95.013 0, 85.028 6,  J¥3¢2-6,8-—-C-1uht

75.008 0 FEEFL)

MI13 9.20 [M—H] 463.0882 463.0885  0.711 C2iHxOr2 301.034 1, 300.026 2, 151.003 0 SRR

M4 922 [M—H]" 5852189 5852193  0.673 CyHzsOw 337.0769,247.133 1,203.143 2, 163.111 9 — 5 s I R - 2
TE IR -7 N B o)

MI15 9.53 [M—H]™ 447.0933 447.0935  0.506 CaiHaOn  327.050 2, 285.039 4,284.031 8 KR

MI16 9.54 [M—H]™ 461.072 6 461.0728  0.578 CxHisOrx 391.158 3,285.039 9, 113.023 7 KRB E-7-O K
3§

MI17 10.04 [M—H]" 515.1195 515.1198  1.058 CasHxOr2 353.086 2, 191.055 0, 173.044 6 AR EERBUS LI

M18 10.34 [M—H]™ 515.1195 5151201 1.058 C2sH2O12 353.086 6, 191.022 4, 179.033 9 FEERERALIS1L1)

M19 1035 [M—H]" 353.087 8 353.0867  0.169 CisHisO9  191.054 9, 179.033 8,173.044 3, 135.044 0 Fasr IR IR

M20 10.45 [M—H]~ 447.093 3 447.0937  0.914 CxHxOu 327.050 3, 285.039 6,284.031 8,255.029 1,227.034 2, AR HF 1

174.955 2, 151.002 8
M21 10.74 [M—H]™ 477.1039 477.1040 0378 CxH2012 357.060 5,314.042 0,299.018 6,285.0394,271.023 8, 7R Z%-3-0-H%

257.044 6,243.028 8 B0
M22 10.77 [M—H]~ 431.098 4 431.0984  1.334 C2iH2010 431.096 6,269.044 4,268.036 6 R 3-T-0- MK
A
M23 10.88 [M—H]" 445.077 6 445.0779  0.686 CxuHisO1 269.044 9, 175.023 9, 113.023 5, 85.028 6 FHR-T-E R
@%%‘5[20]
M24 10.90 [M—H]~ 445.077 6 445.0780  1.157 CaHisOnr  269.044 3, 113.023 3, 85.028 5 A1)

M25 10.94 [M—H]" 515.1195 515.1197  1.058 CasHauO1n 353.086 8, 335.076 6, 191.055 1, 179.034 0, 173.044 6 4 FRCI-o1
M26 11.27 [M—H]™ 505.098 8 505.099 0  0.529 CxHnO1iz  329.065 6, 314.042 4,299.019 0, 175.023 9, 113.023 5, #il f - 2. k-

85.028 7 FNBREE)
M27 11.75 [M—H]™ 491.1195 4911202  0.633 CasHasOr2  329.066 1, 328.058 3,327.050 4, 313.034 9, 285.040 0 5 2¢&K-3-0-
T B 22
M28 12.12 [M—H]™ 637.1410 637.1416  0.860 CasH30O17 337.076 4,299.054 7, 284.031 5, 192.005 2, 147.007 6, 6-2:F4HIE-4-O-F4E
113.023 3 TR -
TR -7S B g 1679)
M29 12.23 [M—H]" 387.108 5 387.1084 —0.105 CxoHx0s 343.1179, 313.107 5,298.083 6, 137.023 4 pa il
M30 12.51 [M—H]™ 491.083 1 491.0835  0.739 CaH2013 423.164 6,315.049 6, 193.013 0, 175.023 6, 113.023 3, SR ZEE-3-HEHE
85.028 5 R 7]
M31 13.30 [M—H]~ 283.061 2 283.0610 —0.662 CicHOs  268.060 1,268.036 8,265.179 7, 254.879 6, 221.190 4, HFL K617
197.901 7
M32 13.30 [M—H]™ 591.1719 591.1720  0.152 CasH»Ous 283.059 9, 268.036 8 FALH T

M33 13.54 [M—H]~ 285.040 5 285.0404 —0.376 CisHioOs 267.029 0,243.028 8,217.049 5, 199.038 9, 175.038 8, AR ELZKI"11.18.23]
151.002 4, 133.028 3, 121.028 4, 107.012 8
M34 1443 [M—H]™ 315.0510 3150510  1.667 CicHiO7  300.026 5,271.024 0,255.029 0, 243.028 8 SRR
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5 wmin A e O R

MSHH ST B (m/z) YR

M35 1448 [M—H]™ 299.056 1 299.056 1 —0.100 CicHi206

M36 15.15[M—H]" 271.0612 271.0609  2.048 CisHi20s
M37 1531 [M—H]" 269.0455 269.0456  0.057 CisH1oOs
M38 1572 [M—H]™ 285.040 5 285.0405 —0.023 CisH1006
M39 15.89 [M—H]™ 329.066 7 329.066 5 —0.502 Ci7H1407
M40 16.25 " 247.1340 247.1330 —0.352 CisH2003

(M—H]

(M—H]
M4l 16.26 [M—H]™ 4952752 4952757  1.055 CsHaoOs
M42 16.28 [M—H]™ 345.061 6 345.0618  0.531 Ci7H1:0s

M43 17.17 [M—H] 359.077 2 359.0772 —0.017 CisHieOs

M44 19.61 [M—H]™ 343.0823 343.0824  1.530 CisHicO7
M45 19.63 [M—H]™ 343.082 3 343.0823 —0.148 CisHi6O7
M46 20.14 [M—H]™ 373.0929 373.186 1  0.025 CioHisOs
[ ]
[ ]

284.031 7, 192.005 2, 176.010 4, 175.002 6, 164.010 4, 3 1) Z5f(24)
147.007 6, 136.015 5, 119.012 8, 108.020 7, 87.023 1

178208 7, 156.998 1, 151.002 5, 119.049 1

225.054 6,201.054 6, 151.002 5, 149.023 2, 117.033 5, F3g&R91821
107.012 8

257.044 8,241.049 7,199.039 1, 193.013 2, 192.005 4, 11 Z5fH17.9.18.24]
177.018 3, 151.002 7, 147.007 7, 133.028 5,

314.042 1,299.018 6,271.023 9,227.034 0, 161.023 4 Fi 45 K613

203.143 1, 163.111 8, 149.096 2, 109.056 0

247.133 1,203.143 2, 163.111 9

330.036 8, 315.013 3, 287.018 6, 271.023 7, 223.023 6, 5,6,8,4'-JUf£3E-73'-
203.142 9, 195.028 7, 180.005 2, 164.981 7, 149.023 2,
121.028 4

344.052 9, 329.029 5, 314.006 2, 301.034 7, 286.011 2, i iR EEEHDIS-7
270.016 5, 258.016 5, 242.021 4, 202.026 4, 175.002 8,
149.023 5

328.057 7, 313.034 2, 298.010 8, 270.016 1

328.057 7, 313.034 2, 298.010 8, 270.016 1,242.021 | fi 22K

313.106 9, 304.913 3, 193.122 5, 174.955 2

e

— R EI6717)
FEXRDT

A B )

PR %0

SRR

M
M47 20.17 [M—H]™ 373.0929 373.0915 —0.233 CisHisOs  358.068 1,343.044 5,328.021 3, 300.026 3, 285.003 1 LAe4 K671
M48 20.46 [M—H]™ 299.056 1 299.056 0 —0.374 CiH120s  284.031 8,192.005 2, 175.010 4, 147.007 6 6-2: H & HL-4"-O-

P A o £ )
M49 23.11 [M—H]™ 479.2803 479.278 8  0.860 C3oHsOs 435.289 0, 247.132 8,203.142 9 artepestrin Al7926]
M50 23.64 [M—H]™ 479.2803 4792792 —0.043 C3oHaOs 435289 6,247.1330,231.074 0,203.143 2 artepestrin B["926]
M51 24.25[M—H]" 479.2803 479279 1 —0.171 Cs0HsOs  435.289 3,285.148 8,247.133 1,203.143 1 artepestrin DI7-%:26)
M52 2479 [M—H]™ 479.2803 479.2793  0.137 C30HsOs 435.289 0,391.299 3, 285.148 8, 247.133 0, 203.143 1  artepestrin E7-926]
M53 2544 [M—H]™ 233.1547 233.1545 —0.689 CisH»O> 219.013 7, 103.014 0, 59.013 1 rupestric acid!®!

311 HEERAEMREE N —EE R
U MBS AR 6- L A -4-0-H
B PR RS 33 MEERA G LS &
TEHE TR AN 6-25 F AR I -47-O- FF 336 1 I 20 i il g 91
HBEAT R AT o

&Y M24 #5154 m/z 445.078 0 [M—
H] , Qualbrowser % fF 45 H K #  1 XN
C2iHisO115 R N 10.90 min (RZEA 1.157X1070),
TR BTN miz 269.044 3 [M—H—B-D-glu] "+
m/z 269.044 3 Jx A2 30 R B - JR B8 I N Cretro
Diels-Alder reaction, RDA) Z4fifE 2k CoHeO5 A ik
m/z 113.023 3, kiR 1 431 CO A2 m/z 85.028 5,
S SCHREICHR 2 HE I O B 5

WA MAT #5518 m/z373.091 5 [M—
H], 2> 73N CioHisOs, fr A 20.17 min (IRZEA
—0.233 X107 2R & F miz 358.068 1 [M—
H—CHs] . 343.0445[M—H—2CHs] - 328.0213[M—
H—3CHs]" -~ 300.026 3 [M—H—3CH; — COJ -
285.003 1 [M—H—4CH3;—CO]~, A =EE 7 Mt H 34
& m/z 358.068 1, t—HEEEM % 2 AN KRR

B m/z 343.044 5. 328.021 3. m/z 300.026 3 1 m/z
328.021 3 ZfE-FER CO K, m/z300.026 3 it H 3k
A2 B m/z 285.003 1. AW AT RTINS, 53¢
BRECHR TS b, AN B AE IR 2R, MS? i
J AR W 2.

&Y M48 73 15519 m/z299.056 0 [M—
H], 2> 73RN CigHi1206, fr A 20.46 min (iRZEN
—0.374 X107 W BT m/z284.031 8 [M—H—
CHs] "~ 192.0052 [M—H—C;H;0]", 175.0104 [M—
H—CH403] 147.007 6 [M—H—C7H404]", N THE
T IEA R m/z 284.031 8; HE—H kKL, C
W5 B H i) C-O #AREWR, F5 B ¥ C/H,0
FRAR m/z 192.005 2, T C M /k4z RDA £ 7y
AR m/z 175.010 4. 147.007 6 2 ANFEFAERE 51
A G TR INE, 5 OCEREET- I L, HE
Iy 6-2= FE FE-4'-0- FH L 1 [ (0 JR
3.2 fFPEwRhEmErE N —HERH
s 5 Y — M B B TR « artepestrin B+ rupestric acid 45
TR R G . DL— R
BIEAT R AT o

artepestrin A
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Fig.2 MS? spectra (A) and fragmentation pathways (B) of casticin in negative ion mode
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CO,]« 163.111 8 [M—H—C4H40,]+ 149.096 2 [M—
H—CO,—CO—C,Hz]"+ 109.065 0 [M—H—C3sH;00:]
RNBEBS TR 1 50T CO A m/z 203.143 1, 4k 2k
2 1431 CO. CoHa B m/z149.0962, m/z163.1118
I BEE FiE e A R A m e L HERYE (high-
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COy 225, 456 SCHREE OENAL A9 M49 Ny
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3.1.3 AR EEMGEDR NG SEE N—H
PRI RIS T AR R . TR IHERRSE 11
AN WUR B ILATED RN . DLEEE TR N34T
JB B AR AT -

&4 M10 #E53 1 B §4 m/z 353.087 0 [M—
H]» 2 73RN CisHisOo, R AN 8.92 min (iRZEN
0.521 X107, BT m/z191.0551 [M—H—
CoH¢O3]+ 179.033 9 [M—H—C7H;00s] "~ 173.044 6
[M —H — CyHsO3; —H,0] . 135.044 1 [M—H —
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Z5 FERRE P AN m/z 179.033 9 FIMIHEBRRE H o 22T PR
PR IR R 5 RIE AR, £EK 1 0T Ha0 153
m/z 173.044 6 W+ MIMERRIE 4k 2k 1 41
T CO, B3| m/z 135.044 1 BT, H R
T8 7014055 J5 g — 2R o 1 R A o m/z 191.055 17
F N B, m/z 179.033 9 Al m/z 135.044 1 SR
55, RUAENNZA S NEEREIE, MS? i i i R 2
fiR R LI 4.
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Fig. 3 MS? spectra (A) and fragmentation pathways (B) of rupestonic acid in negative ion mode
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Fig.4 MS? spectra (A) and fragmentation pathways (B) of chlorogenic acid in negative ion mode
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Fig. 5 MS? spectra (A) and fragmentation pathways (B) of 7-hydroxycoumarin in negative ion mode
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Tl W& 1 % 0% 8% TR ¥ £ ¥ (uridine diphosphate
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(sulfotransferases, SULT) &A= bl £ 4 W L lAm B
o SEERZE R, LR-E AR A I RAE W ) AN
MR 18 4, Al ReRIZR G AU 7R ig 45
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®2 —RERBNMAESRREAS

Table 2 Prototypical blood components and metabolic sites of A. rupestris

. iZEACi) . s
'S &Y GEERE R JEACH AR
M3 E TR Y Y Y ND
M5 Bk IR Y Y Y ND
M7 KB FR-O- B3-S Y Y Y Y
M8 JR LR Y Y Y Y
M9 P BRTEZE TR Y Y Y Y
M10 SRR Y Y ND ND
Ml1 BT Y Y ND ND
M12 FEHEK-6,8--C- TLRRBEH Y Y Y Y
M13 EAA0 RS Y Y Y ND
MI14 — 5 7 A R - T 2 R TR R - 7N e B Y Y Y ND
M15 KU Y Y Y ND
M16 RBEE-T-0- 8 B IR Y Y Y ND
M17 F4E)R B Y Y Y ND
M18 SR IRA Y Y ND Y
M19 Fa g 5 IR Y Y ND ND
M20 P NEACRES Y Y Y ND
M21 SR R-3-0-H i FE Y Y ND ND
M22 FFHE R -7-O-H & B Y Y ND ND
M23 R -T- W BN IR Y Y Y Y
M24 BEAAF Y Y Y Y
M25 FEEJRIRC Y Y ND ND
M26 Wit e 2 - 2. - 7S v Y Y Y Y
M27 R R -3-O-HI G M Y Y ND Y
M28 62 4R -4~ O- H 5 14 I 0 o - 881 67 A S G- 7/ i ol Y Y Y ND
M29 VR Y Y ND ND
M30 AR R -3 A B R Y Y Y Y
M31 FIREE Y Y Y ND
M32 ST Y Y Y Y
M33 KRBEZE Y Y Y Y
M34 FRER Y Y Y ND
M35 GBI Y Y Y Y
M37 = Y Y Y ND
M38 2= Y Y Y Y
M39 RS Y Y Y Y
M40 — R Y Y ND Y
M41 R Y Y Y Y
M42 5,6,8,4"-PUFERE-7,3"- = B A S Y Y ND ND
M43 MR ELHD Y Y Y ND
M44 PR Y Y ND ND
M45 AR Y Y ND ND
M46 e E Y Y ND ND
M47 EViZiR N Y Y ND ND
M48 6~ F A J-4"-O- F 3L v [ £ JR I Y Y Y Y

Y FoRr RISy, ND FoR R RISy, %3 [

Y-detected component, ND-component was not detected, same as table 3.
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BRAh, SO R B IER D), XA B el 20 MR T (R
REXT AL B WIREAT A Ak, ki s i AR I R 3), WA EPERERR AL W) T k- 4 W I R AN
3.3 Rifi=EE — R ERRRATAE S, 2 HAW = EA T ZE S

WX R G, EERR L BR T M2, M19, Hoft 19 MY IiE

®3 —RERBERSLEEER

Table 3 Identification of metabolites of A. rupestris

BE T (mlz) g Ji A it WAL 2
5 t/min HLEH Wil B (X109) nFR MS? B BT (mlz) BEHgER friEw faee e

REA AR

Ml 3.56 [M—H]" 261.0074 261.0075 0.111 CoHi007S  261.006 6, 181.049 5, 137.059 7, —SMNHEETiEERE Y Y Y ND
135.044 1 U327

M2 565 [M—H]" 2589918 2589918 -0.080 CoHsO;S ~ 179.033 9, 146.9602, 135.044 1 WIHEERI&RRIL ND ND Y ND

M3 5.86 [M—H]" 275.0231 275.0229 —0.734 CioHOsS 230.9853,195.028 9, 180.041 8, “A/EHEME®E Y Y Y Y
177.054 7, 133.064 9, 123.044 2 BiFREEHLAET

M4 611 [M—H]" 273.0074 273.0074 -0.118 CioH1007S 193.049 5, 178.026 2, 149.059 8, Pl ZRERMHER (LA
134.036 3

M5 805 [M—H]" 563.1406 563.1410 0.647 CasHsOw  503.118 3,473.107 5,443.097 0, F3K&H-C-CHEH-C- Y Y Y Y
425.086 5,383.075 8,353.0653  [RHEHO1]

M6 871 [M—H]" 281.1394 281.1395 0214 CisH»Os  263.1279,237.148 8,219.138 0, — ki EFIREMSA Y Y Y Y
201.1274,183.116 8, 167.106 8,  fkj=#l13]
159.117 2, 149.096 2

M7 926 [M—H]" 439.1610 439.1612 0.607 CaiHsOw  263.128 1,219.1382,204.114 7, —HiH B ZHAL Y Y Y Y
175.0239,113.023 5,85.028 7  HEEEER L0

M8 1125 [M—H]" 475.0882 475.0885 0.650 CigHi20s  299.0550,284.031 7, 175.023 8, HIEL I ZEMHzimE Y Y Y Y

=~
=
<
=~

113.023 4 WAL 03]
M9 1197 [M—H]" 279.1238 279.1238 0.069 CisHxO0s  261.1123,217.1223,199.111 8, —FiEEBR _IKH Y Y Y Y
189.091 0 =)

MI0 12.02 [M—H]" 423.166 1 423.1663 0.662 CuHsOy  286.9556,247.132 7, 218.981 1, — % i BH & i 1 4
203.1429,175.023 6, 113.023 3,  EEER{LA13

~
~<
<
~<

85.028 5

M1l 1225 [M—H]" 263.1289 263.1286 —1.214 CisHoO4  219.1382,204.1147,201.127 7 rupestonic Bl'32] Y Y Y Y

MI2 1326 [M—H]" 263.1289 263.1286 —1.012 CisHoOs  219.1378,201.127 3, 177.127 3, rtupestonic E728] Y Y Y Y
137.059 6

MI3 14.02 [M—H]" 535.1093 535.1095 0.383 CoaHnOws  359.076 4,344.052 8,329.029 6, MiHR%:W) D WEMERR Y Y Y Y
301.034 7, 113.023 6 )

M4 1416 [M—H]" 519.1144 519.1147 0.507 Co4HuO13  343.0813,328.0579,313.0346 FREZMEMEE Y Y Y Y

WAL
MI5 1441 [M—H]" 549.1250 549.1252 0.352 CosHaO1s  373.0914,358.068 2, 343.044 5, KALH I KM E M Y Y Y Y
328.0212,175.023 6, 113.023 3,  BEER{L4127:29)

85.028 5

MI16 1452 [M—H]" 4251817 4251817 0.082 C2Hx09  363.178 6,249.148 6,175.023 7, — i EHRMEL Y Y Y Y
113.023 4 B L 1 13)

MI17 1523 [M—H]" 265.1445 265.1445 —0.127 CisHnOs  247.1333,221.1537,203.1433, —HEMREREL Y Y Y Y
195.101 8,151.111 8 R o131

MI8 1598 [M—H]" 245.1183 2451182 —0.639 CisHisOs  225.6834,201.1279, 186.104 4 —HEHRLE” Y Y Y Y

%[9,13]

MI19 1621 [M—H]" 4411766 441.1769 0.650 C2iHiO10 305.0916,265.143 7,247.133 2, —HiEHBRMELE Y Y ND ND
203.143 1,193.034 3, 175.023 6,  JR S fn4E e mE G
131.0339, 113.023 4, 101.023 5,  {k41o-131
85.028 6, 72.992 3

M20 17.57 [M—H]" 439.034 1 439.0340 —0.143 CisHisOuS 439.033 3,359.076 5, 344.052 9, MR} D it Y Y Y ND
329.029 7 sl

M21 19.00 [M—H] 245.1183 245.1183 —0.064 CisHis0s  201.1273,186.103 9, 161.096 0, — i E IR E " Y Y Y Y
135.080 4 131
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