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Abstract: Objective Ultra performance liquid chromatography-quadrupole-time of flight mass spectrometry (UPLC-Q-TOF-
MS/MS) was used to analyze and identify the prototypical components and metabolites in serum, urine/feces, and tissues of

Atractylodes macrocephala in rats after gavage administration of 4. macrocephala to study the differences in the distribution of A.
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macrocephala 's chemical constituents in the body of the rats and speculate on their metabolic pathways. Methods A total of 27 SD
healthy rats were given the decoction of 4. macrocephala by gavage at two times the high human equivalent dose, methanol extracts
of serum, urine/feces and tissues (heart, liver, spleen, kidney, intestine and brain) of the administered rats were prepared and assayed
using electrospray ionization source (ESI) in positive and negative ion mode. Based on the information obtained on relative retention
time, mass-to-charge ratio, quasi-molecular ion peaks and characteristic fragment ions of the compounds, the prototypes of A.
macrocephala in rats were identified by comparing them with the standards, literature data, the MassBank Europe database, the
MassBank of North America database, and the Agilent Personal Compound Database and Spectral Library (PCDL) constituent
metabolites and metabolites, and speculate on the metabolic pathways. Results Based on the UPLC-Q-TOF-MS/MS technology and
combined with the results of the preliminary qualitative analysis of the components of 4. macrocephala. medicinal materials in this
experiment, a total of 53 prototypical and 54 metabolic components were identified in rat serum, 56 prototypical and 48 metabolic
components in rat urine, 90 prototypical and 53 metabolic components in rat feces, 62 prototypical components and 54 metabolic
components in rat tissues. The prototypical components were mainly related to phenolic acids, terpenoids and organic acids; the
metabolizable components were mainly from phenolic acids and terpenoids, etc. The metabolizable components were mainly from
phenolic acids and terpenoids. Among them, the prototype components enriched in tissues such as the intestine, liver, kidney, and
spleen are mainly terpenoids. Conclusion The UPLC-Q-TOF-MS/MS analytical method established in this study can effectively
identify the prototype and metabolite component groups of Atractylodes macrocephala in rats. A. macrocephala mainly undergoes
Phase I and Phase II metabolic reactions in rats. Among them, chlorogenic acid components are metabolized relatively quickly in rats,
generating a variety of phenolic acid substances, and their metabolites are mainly excreted through the kidneys. Terpenoid components,
on the other hand, mostly exist in the form of prototypes in rats, are metabolized relatively slowly, and are significantly enriched in
tissues such as the intestine, liver, kidney, and spleen. Combining with the reported pharmacological effects of 4. macrocephala, such
as invigorating the spleen, replenishing qi, and protecting the liver, it is speculated that terpenoid components are the potential material
basis for the pharmacological effects of A. macrocephala.
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Fig. 1 Total ion current chromatograms in positive and negative ion modes of methanol extracts from serum, urine, feces

and tissues (heart, liver, spleen, kidney, intestine, brain) of blank rats
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Fig.2 Total ion current chromatograms in positive and negative ion modes of methanol extracts from serum, urine, feces

and tissues (heart, liver, spleen, kidney, intestine, brain) of administered rats, as well as methanol extract of mixed standard

substances
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Table 1 Information on prototypical composition of serum, urine, faeces and tissues of rats after intragastric administration

of Atractylodes macrocephala
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PE 210 [MHH B CeHeN20 1230556 1230553 244 123.0556,80.0499 B.C AR
PO 213 [M-H 4BEECEY CrHi00s 189.0396  189.0405 -476  189.0386,161.0460,145.0418 B. C HHE
PO 222 MM IR CiHs0: 1170193 1170193 -085  117.0192,73.0298 A~ GRilN
PI1 231 [M-H kR C4He04 1150037 1150037 000 1150037 c iy
PI2 244 [MHH[ iR CHNO 1370460 1370458 146 137.0470,119.0336 c iy
P13 251  [MEH e CeHsNo0,  127.0498  127.0502 -345 127.0492,1100218, 840444 C it
PI4 257 [MAH  BEs CHNeO 1520564 1520567 -197  152.0587,135.0316 c iy
PI5 263 [M—H  BRHAZF CoHN20; 1250358 1250357 080 1250358 A C~I AR
PI6 303  [MFHF  AHERN CaHe02 1490593 1490587 403 149.0603,131.0490 A~ GRilN
PI7T 313 [MHH 2R CeHoN 1200810 1200808 167 1200810, 103.054 6 A~ iy
PI§ 365  [M-H] R CHuNOs 281029 2181034 =229 2181029, 146.0826 B.C AHR
PI9 369  [M—H] glutaricacid CsHe0s 1310346 1310350 =305 131.0336,87.0469 A~E, G~I LRk
PN 387 [MEH 5B TR CeHe0s 1270384 1270389 -394 1270380 c iy
PL 410 [M-H] FERM CeHs0 1670342 1670349 <419 167.0342,1520141 C.D.F Rl
P2 418 [M—H  clavulanate’ CaHoNOs 1980402 1980408 =303 198.0432,1540509 B AHR
P23 439 [M-H  BJLEmW CrHe04 1530200 1530193 457 1530207,109.0300 A~ iy
P4 453 [M-H] TERN CoHio0s 1970448 1970455 -355  197.0444,182.0238,153.0506 C iy
PS5 472 M-H] 34-CREERRY CoHuOs 1810503 1810506 -166  181.0503,163.0397,135.0447 C i
P26 476  [M-H 3EERMY CoHe0s 1630405 1630401 245 1630411,135.0485,119.0492 C iy
P21 476 [MEH  T-BAFEEM CoHe0s 1630385 1630389 245  163.0385,135.046 7 A C BiE
P28 523 [M-H  ZEREMARE CoHoNOs 1940462 1940459 155 1040472, 1520348 A~C. E~G. | BR
P29 524 [M—H[  12-propyleneglycoldiacetate®  CrhizOs 1750608 1750612 -228 1750608, 1320430 c ik
PO 557 [MFH"  scopoline’ CoHiNO, 1561013 1561019 384 156.0992,141.0711,138.0894 C BiE
P3L 565  [M-HT  FLEE CiHs0s 1370242 1370244 -146  137.0222,93.0344 B.C Aty
PR 573 MM ABEFEAM CoHs0s 1630384 1630389 =307 163.0374,1350452 c (RS
P33 588  [M—H RER™ CiHs0: 1530186 1530193 -457  153.0186,109.029 1 B~D i
P 580 [M—H] IR -0 L CisHisOo 10891 3410878 381 341.0006,163.0418 c ik
P 595  [M-H DREW CsHoNOs 1780516 1780510 337 178.0546,134.0635 A~C.E.F H ANE
P 618  [MHH' HEZM CoHs0: 1790340 1790339 056 179.0340 A.C~E. G FEZE
P37 620 [M-H] 3BAEFRUN CoHi00s 1370042 1370244 146 137.0262,93.0341 A C T
P 63t  [M—H terephthalicacidl® CeHe0s 1650196 1650193 182 165.0226,121.0084 B Rl
P 641 [M-H]  HEKZEM CaHe0s 1770198 1770193 282 177.0208,133.0305 A~1 (RS
PO 699  [M-H 2FERM CiHg0s 1630401 1630401 000  163.0401,121.0314,110.0495 B. C T
PAL 747 [MEHT ARAEVE CisH0s 2651428 265.1434 <226 265.1460,247.1340, 2311361 C %
P2 T84 [M-H]  BANERY CaHs03 1630403 1630401 123 163.0403 1190501 A~1 GRilN
PI3 780 [M-H]  3REEERM CaHi00s 1650561 1650557 242 165.0580,121.0660 A~C. G Rl
P44 804  [M—H]  hydroxysebacic acid* CioH190s 2071001 217.1081 461 2171093,1721089,171.1102 A B F. G HHE
P45 812 [MFH  fusaric acid” CuHiNO,  180.0024 1801019 278 1801024,162.0906 A, C~I HHR
P46 824  [MHH]"  scopoleint® CuoHe0s 1930502 1930495 363 193.0510,178.0241,165.0551, A~I b

133.0290

PAT 832 [M-H  3WWRZE CuHuNOs 2040670  204.0666 196 2040670,186.0562,158.0612 C GRilN
Pi§ 835 [M-H  HE CuoH1o0s 1930501 1930506 259 193.0521,178.0283,165.054 ¢ i

P9 870 [M-H XEERE CoHs0s 1630403 1630401 123 1630403,119.0501 C Bk
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P50 878 [MHH  HEL CisHzz0 2001742 2190743 <046 2191742, 201164 2, 1631135, A~D. F. G, H #%
1610936
P5L 905 [M-H TZRM CoHus0s 1870968 1870976 <428 187.0955,170.0879,169.0827 A~ Rl
PR 929 [MFH  AWmEER CaHiNO 1460594 1460600 -411 146.0594,118.0649 c L1l
P53 970 [M—HI"  4{2-propenyl)phenyl-p- CisH2005 2951191 295.1187 136 2951191 A~D. G~
dextro-glucopyranoside®
P54 994 [M-H] kiRl CiHe03 1370041 1370244 =219 137.0227,93.0345 A~H T
PS5 096 [MFH  EENEM CuiHuo0s 2070646 207.0652 =290  207.0678,151.0741 c %
PS6 1000 [M—H] 4BEERRD CiHe03 1370047 1370244 219 137.0266,93.0345 c T
P 1049 [M—H  3T-CHUEB26THCEY  CuHuOy 251126 2251132 <267 225.1126,181.1240 A, C~I AR
P58 1050 MM e CisHuO 211903 2211900 136 2211924,203.1747,119.0847 C GRilN
P59 1055  [MFH  8O-HEAARMED CaHzc07 3892523 389.2534 =283 389.2585,371.2454,311.2096 A~ [z
PO 105 [M-H R CaoH1s0s 001136 2001131 249 201.1136,183.1043, 1301103 ¢ [
P61 1057  [MFH  TABEERALS CsHaNO 2321702 2321696 258 2321702, 145.1020 c LRk
P62 1123 [MHHF T EEARERM CurHao0s 289.1430  289.1434 -138  289.1456,271.1352 A~COE I %
P63 1127 [M-H  6-(-BEFBAE)ARN  CiHaOs 3331358 333.1344 420 333.1358,305.1383, 2611508 C~I [
T 111124
P4 1179 [M-HI  {REESER CaHoNOs 1820458 1820459 -055 1820458 A~ GRilN
PE5 1241 [MHH]  3BEFTEN CoHe03 1630394 1630389 307 163.0394,135.0425 A~H BIE
PE6 1255  [M—H =HKRW CisHa0s 3292336 329.2333 091  329.2354,229.1438, 2111363  A~I GRilN
P67 1255  [M+H"  eudesm-4(15)7-iene-11-  CisHz0: 251695  235.1693 085  235.1695,199.1480,189.1612 A~H Reps
0l-9-ongl®®
P68 1261  [M—HI  I-ZEEEAARNENN  CuHuOs 2051389 305.1394 -164  305.1377,261.1474 A~C, B~ R
PO 1283 [M—H] ivasperin® CisHaOs 231276 263.1268 456 263.1276,219.1344 B.C %
PI0 1324 [M-H 46 -BE33% "EAR  CsHzOs 2811397 2811394 107 2811397,2191372,1911451 C. D 2
Pg 110
PI1 1348 [M+H]"  atramacronoidVi CisH1e0s UT16 471329 -121 247.1326,229.122 6, 219.135 9, A~ %
2011258
Pl2 1366 [M-H]  FHERM CizHis03 2001194 209.1184 478 209.1184,191.1074, 1631133 A~ LRk
P13 1380  [MEH]  AHBRTEY CioHu02 1630762  163.0754 491 163.0766,117.0715 A~ ek
Pi4 1380 [M—H] 69 —BE3%-HAKR  CusHuls 2811402 2811394 285 2811402,2191363,191.1441 A~C.E.F Bk
o 111
P15 1525  [M—H]"  o-tocopheronicacid” CieHzz0s 2031388 2931394 =205 293.1388,261.1267 A~ AR
P16 1527  [M—H  G-BAAARMFD CisHa0s 2191491 249.1485 241 2491522,231.1414,203.1460  C %
PIT 1530 [MEH]  EERN CisHa 2031803 2031794 443 203.1803,161.1331, 1471154 A~ [
P18 1548  [M—H]  embelin’ CurHos0s 4771 2931758 443 2931771,221.1508 c i
P19 1555  [M—H]" isoerivaninlt® ) 251456  265.1445 415 265.1456,266.148 4, 2211527 A~ [
PO 1582  [M—H[  T-hydroxy-eudesm-4(15),  CisHaOs 251806  265.1798 302 265.806,219.1544 c Rl
11(13)-dien-2-acid*
P81 1634 [M—H[  T-AMT8 THE4(15),  CisHzOs 291499 249.1496 120 2491499, 205.1627 c HHR
121581
P2 1659  [MEH  FIARMEEL G B CisHis0r BLI3TT 2311380 -0 2311377,213.1284,185.1333 A~ [
P83 1667  [METH] TSR CisHz0 2001749 2191743 274 2190725, 201163 5, 150118 2, A~ %
1450099
P4 1674 [MEH  AARMEI CisHa0s A9.1478  249.1485 <281 249.1469,2311375, 2131262, A, B. D. F R
189.089 1
P8 1727 [MEHT  AARAEEVIL CisHaz 2031789 203.1794 <246 2034777,1611324, 1471176 A, B, D~ ik
P6 1732 [MFH]  pvatirenenell® CisHan 034791 203794 -148  2031772,16L1317,147.0164 A~C. E. H  #%
P87 1777 [M—H]  hydroxylauric acid? CuoHa0s 2151653 2151653 000 2151653 B. C AR
P8 1898 [MFHF  HHEFM CioHs 1290693  129.0699 -232 1290693, 128.0612 B.C ity
PBY 1028  [MEH]  pAAWMGN CisHae 205191 2051951 487 2051978 A~C B~ R
PO 1970 [MFHHF  REEEEWE CisHa 031797 2031794 000  2031774,161.1308,147.1184 A~C, E. H ik
POl 1997 [MEHT  AARMED CisHa02 834541 233.1536 215 233.1553,215.1453, B~ %

187.1480,133.1000
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P2 200 [MHH  ARMEC CisHie0 811386 2311380 259 2311398, 213.123 4, 185130 6, B~I Hik
157.1000
PO3 2203 [MEH  SP-ZEEARMEING  CyHaOs 11793 2174798 -18  277.4793,235.1700 B~I [
PO 2807 [M—H  (4EGELE)tetadecatrienc-  CigHOs 001444 3011434 332 3011444,173.1379 B~ R
8,10-diyne-1,3-diol-
diacetate!®
PO5 2820 [MEH  2-(37-dimethylocta-26-  CyHz0: 2501684 2501693  -347  259.1684,203.1029 B~I it
dien-1-yl)-6methyl-
cyclohexa-2,5-diene-
1,4-dione*
P 2324 [MHH]  ARCEERZETEM  CisHaOs 2191599 2791591 286 279.1626,149.0273 A Hfn
PO7 254 [M—H  furmecyclox® CuHaNOs 2501455 2501449 240 2501465,251.1517 A i
P98 2430 [MEHF  =REREREAERRIE  CisHa 2001648 2011638 497 2011653 145.1005,1310872 A, D~ iy
PO 2463 [MEH"  2-(37-dimethylocta-26-  CuHzO: 2500700 2501693 270 2591700,203.1001 A, D~ ot
dien-1-yl)-5-methyl-
cyclohexa-2,5-diene-
1,4-dione*
PI0 2516 [M—H] 128\ CieHz03 252089 2952079 338 295.2295,249.2163 A, D~H LRk
PIOL 2736 [M—H]  EM CieHz02 2812478 2812486 -284 2812456 A E~G. | LRk
PI2 2171 [M-H  TEm CieHaz02 MB4L 2790330 393 2192341,280.2370,281.2426 A, E~I AR
PI3 2905 [M—H]  HEfsE CieHzc02 283656 283.2643 459 283.2656,284.2672, 2852714 E~F LRk
PIO4 2948  [M—H]  FphIRM CieHz02 2552336 2552330 350 255.2337,256.2369, 2572352 E~F. | LN

A-I1%; B-JRWG: C-24%; D-f: E-FF: F-'%: G-B; H-0; I-W; #-PCDL $dE RV M 5 i 2@ HE I *-%H 8 ik &-BZ-MC-DATA 3

2 VLI B o o A o

A-serum; B-urine; C-feces; D-intestine; E-liver; F-kidney; G-spleen; H-heart; I-brain; #-PCDL database matching and mass spectrometry cleavage

inference; *-confirmation of standards; -BZ-MC-DATA database matching and mass spectrometry cleavage speculation.

332 AHLERENEME T AVIRER Y
ERRIE . R/ AHhE RERN, P&
1 WP JER Sy 57 72 Nl 57 K 3,7- LS
2,6- W% IR, {REEHTIE] 10.49 min, 7E 7 E AR
TIUESY T8 7 m/z N 225.112 6, HEMIL 12X
N CioHisO4, HZFEEF, FEMER B FIE miz
f7F 181.124 0 [M—H—COs]", MRIEIL2ERST 1 —
WG RRRE, 256 S5 R SCRE, filitiil
EYN 3,7- T HIREZED.6- T IE TR . T2 NIRFIR,
{REAFIA] 13.35 min, 75618 7T eS8 1
U m/z 5 209.119 4, HENIL /130N CioHi505, FH
PG, F BT miz AT 191,109 3 [M—
H—OH] . 163.1139[M—H—HCOOH], Wik
B B R VS RRANEAIE s 45 S B B A 9L
BRIISCRE, B SRR FIR, BARRE T
LK 3.

333 ERWAMEEMIT  wERAS R EART
FEMHSHRY, HELETHEHTEE 1 A
SR TIREEN, U1 8 e AR 84, 91, 92
. 84 AR MBEIL, £-EEESA] 16.74 min, 7EIE

R HE D TS e miz 9 249.150 1, HED
Har 170N CisHa00s, H G, FERHE
T m/z f1F 231.135 6 [M+H—H,0]". 213.124 4
[M-+H—H,0-H,0]". 189.090 5 [M+H—H,0—
C3He]* 163.076 1 [M+H—H,0—CsHs]", HRIEIL2
RO 0 R R ERRARAE s 25 A IR L, AfA
Ak & A AR A BRI, BRI R ILE 3. 91
NEAARNBERIL, fAREH I E 20.03 min, 7EIE & 7
TS BTV m/iz N 233152 7, #EMHAF
A CisH2002, FH A, 3B B i
m/z ST 187.146 3 [M+H—HCOOH]". 145.100 4 [M
+H—H,0—HCOOH —C;Hs]* 133.098 2 [M+H—
HCOOH — C4He] ", HRABAL 2% 170 B — 0 5 15 2L e s
fiE, Zh-E I bes, At &8 BER BRIL,
AR XA 3. 92 AEARNERL, {RETI (A
21.95 min, fEIEEFHEATRHES T miz N
231.133 4, HEMH 708 CisHis0,, H g ik,
FBERE B T8 miz AT 231.129 3 [M+H—H,0]*+

185.133 2 [M+H—HCOOH]*. 143.088 4 [M+H—
HCOOH —C;3He]"s HRIFEE B 1) — 2 i 2Ry
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*2 AR ig RABREBEHME. ik, EE. AAPRBERIER
Table 2 Information on metabolite-type components in serum, urine, faeces and tissues of rats after intragastric

administration of A. macrocephala

B SE O Rl RE TERRET

% tamin it ARG AR ) my) (X109 ) i wiEsi
M1 146 [M-H] #B#®-COA CsHuOs 1810707 1810718 055  18L07L7 B.C fit#
M2 165 [M—H] HiR-H0% CiHu07 2070514 2070510 193 207.049 4, 189038 1, C itk
1610458
M3 184 [MAH] JEH-CH. 0% CeHiNOs 1660499 1660499 000 166049 9, 122068 4, A LEE
1210521
M4 185 [M=H]" ERBRACH0% CsHeOs 1750251 1750248 171 175028 5 132029 0, A~H LE
1310334, 115.0029
M5 197 M-H ERER+CHSA CsHeOs 1470303 1470299 272 1470303,119.0196 B.C 27
M6 199 [MAHF AER+0E CoHe0s 1650540 1650546  -3.64 165054 0, 147044 2, A H. F  BEf{
121.0604120.050 1
M7 211 [MHHP  dEAERH0% CsHoNOs 1480602 1480604  -135  148.0622,102.0545 D~F. I k&
M8 213 [MHHP B 0% CeHeNoO,  139.0501  139.0502  -0.72  139.0521,121.0409 C REMN
M9 222 M-H ETE®-C02 CoHiz04 1470670 1470663 476 147067 0, 115005 0, C i
85.0285
MO 227 [M—H]  ZTHE+CHO% CoHu:0r 2330663 2330667 -172  233.0663,190.048 C LRl
ML 227 [M-H] 4R HERS0S8 CH1S0s 2689978 2689973 186  268.9951,189.0401 C TREM
M2 239 [M-H]  FEERR-COA CsHeOs 1470302 1470299 204 147.0307,129.022 1 B.C it
M3 247 [M-H] ZREHCHA CsHe0s 1290193 1290194  -078 1210194 A~D. G. | FAEHL
M4 247 M-HI 23-ZHET @404 CsH10s 1610458 1610455 186 1610455, 1150407 c Rk
MI5 250  [MHH] dEAER-COA C4HINO 860603 860605 232 86.0605,68.0486 A~D.F.H i
M6 255  [MHH HiE-CO~ CsHe02 99.0437 990441  -404  99.0437,55.0547 A~C.H %
M7 263 [M-H] 23 HET ZE+CHA CiHz04 159.0658 1500663  -3.14 150065 8, 115074 5, C RN
1130594
M8 269  [MHH d-BAERA+CHA CHoNOs 1440641 1440635 416  144.0667,98.0610 A~ e 1
M9 306 [MEH] JHEHCHA CIHiNO: 1380556 1380550 435  138.0559,94.0653 A C RN
M0 313 [MAH HER-H0% CoHe0 1310491 1310491 000 1310500, 103.0563 c ik
M2 319 [M—H 23 HETMACHO0%  CsHuOs 1870611 1870612  —0.53  187.0595,143.069 2 c LE
M2 346 [MEH] 4EEEEE4OS CoHs04 179.0340 1790339 056  179.0330,161.0224 A REMW
M3 358  [M-H] #ZE-H0% CoHsNOs 2000932 2000928 200 200095 5, 156.008 5, C ik
1540883
M4 350 [MAH] 2-ZHEHEKRE 08 CsHiNO 1360754 1360757 -220  1360749,108.0414  C BRI
M5 362 [MHH] HE—H.0% CsHeOs 15029 1250283 320 125.0229,81.0336 AB.F.H itk
M26 371 [MHH] Hi#—-CHA CsH04 1200183 1290182 078 120021 7, 97.024 5, A, H PRE
81.0341
M7 371 [M—H] BEHIRRHCHA CsHe0s 1310347 1310350 -229  131.0336,87.0469 c GE 47
M8 397 [M—H] FLEHRCeHs0s CuHuOno 3200498 3290514  -486  329.0471,1530185 A FREY
M2 401 M-H] 23 ZREWHMACHO™M  CsHisOw 3550671 350667 113 355.0667,179.0384 | MR
M0 406  [M-H] 34"HEEARICHOM  CsHiOw  357.0817  357.0827 -280  357.0817,18L0474 A~C.E~H HIHERRL
M3l 425 [M+H]'  scopoline—CHz® CHuNO; 1420878 1420881  -2.11 142088 1, 114008 3, B. E~ [k
98.096 5
M2 429 [MEH] 2-ZHHFERHCHA CoHsiN 1340061 1340964 224 1340961,106.0682 C k-3
M3 432 M-H 4BE2LE-HZR-COA  CiHuO 1450505 1450506 069  145.0537,101.0642 B.C i
M34 454 [M—H] 34-ZHEERR+H0 CoHio0s 1970452 1970444 406 197.044 4, 182025 3, B K&
153056 8
M35 458 [M—H] FEE-H CsHe0s 1490241 1490244 201 149.0229,105.032 7 A ik
M36 465  [M+H] fusaricacid+OM! CuMNOs 1960069 1960068 051  199.0969,178.0833 C~E RN
M7 472 [MEH]T ABITREEE+CoH0% CuMNO; 1880702 1880706  -2.13  188.0688,170.0545 C LM
M3 473 M-H] FJLER+SOM C1HeSO7 2329751 2329761  -429  232.9751,1530199 A~C.E~F Hifift

M3 490  [M—H] 34 HEXERK+S0E CeHuS07 2610072 2610074  -0.77  261.009 6, 181.051 4 A~C, E. Filatk
F. H




« 4586 » PED 2025478 B56% B 138 Chinese Traditional and Herbal Drugs 2025 July Vol. 56 No. 13
F2 (&)
B 57 TN HeE T B
4% wn o pl EMEEBRE 47 *(rﬂf Imﬁ (X‘fﬁ) hﬁ;f:ﬁ W Rk
MA 514 [M—H] EEE+SOM CsHsSOr 269923 2469918 202 246.9950,167.0347  A~H TRERM
MAL 514 M-H 23 ZHREWHER+CH+  CiHisOw 369.0827 3690832  -135  360.0832,1030513 | R
CeHs062! TR
M&2 516  [M—H]" FIER+2HHCeHOM™  CisHaOn 3710989 3711003 377 37L1003,1950712  A.B. D Hft+HEf
BERAL
M43 536  [M—H]" terephthalicacid+CHAS0%  CoHgSOr 2589931 2589939  -3.09  258.9939,179.0356 B AL+
Bt
M4 538 [M—H]" HiIHEfR +CsHeOel® CisH1s010 3550671 3550674  -0.84  355.0674,179.0365 A B. G HMERRIL
M45 541 [M—H]" terephthalic acid-+CHz CoHe04 1790362 1790368  -324  179.0368,135.0455 B P34
M6 550  [M—H] JRLEBAHCHA CsHsO4 1670344 1670340 239  167.0340,1520128  F P34
M47 560  [M+H]*  scopoletin+O% CsHisNOs 172097  17209%8  -0.58 1720067 c AN
Mg 576  [MFH]* scopoline+CHz* CuoHs04 1930498 1930507 466  193.0507,1500657  E~G. | R
M9 58  [M—H] terephthalicacid—CO® CiHs02 1210295 121091 330 121.0291,93.0307 B it
M50 590 [M—H] S-BEAREFCH0  CisHisOy 3410878 3410878 000  3410878,1650528  A~D. F. G HERHL
M5L 598  [M—H]" FIgiER+2HT CuoH1204 1950679 1950684  -2.56  1950684,1510759  A. B At
M52 607  [M—H] 3-BHEFRR-H.0% CeHeOs 1630391 1630389 123 1630389,1190511  B.°F it
M53 622 [M—H]" MR+ CH CioH1004 1930521 1930526  -2.59  193.0526,1780262  E.F P34
M54 631 [M—H] HER+SO5 CoHeSOr 2589923 2589918 193 258.9940,1790328 A E~G  Hf
M55 637 M—H] AHR+2HE CoH1002 1510772 1500771 066  15L0771,1330623  A. B At
MS6 642 [M—H] ZSRE+CHA CyHa0s 3671035 3671043  -218 3671043193002 B P34
M57 664 [M-H] FoE+oX CoHs0s 2030016 2030925 443 203.0916,157.0850  B. C R
M58 664 [M—HI EEZE+S0#4 CeHeS07 2569769 2569761 311 256.9809,177.0192 A F Bt
M59 680  [M+H]* scopoline+H,0% CsHisNOs 1741119 1741125 345 174111 9, 157002 0, AL C.E KA
1471094
M60 695  [M—H]" IR +H 0% CeH05 197.0448 1970455  -355  197.0448 A K&
M6l 706 [M—H] 5-OTEBEZTM-H0%  CyHusOs 3490954 3490960 172 349.0960,1730602 B it
MB2 719 [M—H]  3-BERHR+CH CsHs0s 1510401 1510399 132  151.0399,1070504 B AL
MB3 730 [MHHF ARNEEVHOS CisHz00s 2811395 2811384 391 281139 5 263.128 5, A.C.D.G. BEfL
287.1477 H
Me4 745 M-H] 3BIEEFE SO CoH10S0s A450125 2450120 204 2450120,1650578  A. B TREM
M5 754 [M—H] BEE+OX CioH100s 2000449 2000455 287 209.0449,1650545  C R
M6 756  [M—H]" terephthalic acid—H,0% CaHaOs 1470090 1470088 136 147009 A itk
M67 760  [M—H] 2-FEH+S04) CoHg03 2429971 2429969 082 2429971,1630421  B. C TREM
MBS 771 M-H] SREENB-H0% CoHs0z 1470452 1470452 000  147.0452 1190512, B.F k&
1030543
M6 777 M—H] BRSO CuoH1S07 30074 2730072 073 2730072,1930515 B Bt
MO 785 [M-H] 2-BEE-COM CsHe0 1100493 1190492 084 1190492010394 B i3
ML 791 [MHHP BOURR+0% CisHz02 2351704 2351693 468 235170 5, 217158 8, C AN
1991499
M2 798 [M—H] 5O0-FGMZETM-COA  CisHiss 2931024 2031031 239 293102 4, 249114 8, A kA
2051227
M73 805  [M+H]  fusaric acid-CHz CoHuNO; 1660878 1660886  -482  166.0886,1200818 B it AL
M74 809  [M—H]" PIZLER+CoHeOs CisH1s010 369.0802 3690827  -677  360.0802,1930488 A G HIMRRER A
M5 816  [MEH] 26-ZHIWEFEA+SOL  CHsNSOr 2339713 2339714 043 2339660,1540153 A TREM
M6 817 [MHH] 34 "HEMEBZE-CHE  CuHuO 1950654 1950652 103 1950620,177.0549  C fit A A
M77 820 [M—H] BIZER+0-CO+S0M  CoHSOs A450125 2450130 204 2450130,1650558 B PRI+
RAHR
it
M8 829 [M—H] 3REAFEHCHASOM  CsHeSOs 2309972 2309969 130 2309914,151.0423 A, E. G, H WH+4
TREERRIL
M9 838 [M—H] 4-O-MIMEEEFEEE-H0%  CisHuOr 3170661 3170667  -189  317.0628 A Bk
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4% tinin f; L Emkenw AR *(rf‘/"f Ii;jf (zi) hf;g% who
M80 870 [M—H]" FIFLER+H,0% CoH120s 2110607 2110612 -237  211.0607,167.0746  B. C ke
M81 871 [MHH]  PUEERR+H.0% CoHi00s 1670699 1670703  -239  167.0699,1230772  C.E ke
M82 887  [M—H] 4FEENERTO+S0  CiHuSOr 2130089 27300908 330 273.0098,1930526 | IR
finlld
M83 900  [M—H 3HRZE-COA CuHuNO 1600741 1600749 500 1600768 [ Tk
M4 925  [M-H] F-fi-H0% CoH1:03 1690876 169.0870 355 169.0900,125.098 3 itk
M85 969  [MHH]' 34-ZHHEAHMIE-COL  CuHi0: 1650011 1650910 061  165.0011,147.0742 i
M85 979 [M+H EHZ+CHO4 CuHe0s 1890523  189.0520 159  180.0520,1450644 B, E Z
M87 995  [MtH #AZE+O CusH02 1990761 1990754 352 1990761,1550867  C AN
M8 1002  [M—H]" marasmone—H,0% CisHis0s 259.0079 2590976 116 2500979,2151094  C ik
MB9 1004  [MAH] AER+CH0% CuHu0s 1910697 1910703  -3.14 191069 7, 14807 8, A, C.E. G, ZHit
1470832 H
MO 1041 [M-H  4-BEKFR-H0% CiHi0 1190138 1190139 -0.84  119.0128,75.0214 AVECF K
MOl 1017 [M—H]" marasmone—CHz CuHis0s 2630919 2630925  -228  2630019,2191032  C FREN,
M2 1050  [MAHF ARKEEHHO% CsHuNO, 2481619  248.1616 121 2481616,2331478 B k&
M93 1069  [M—H] 4-MEREAER—H0% CuHg02 1590448 1500452 252  150.0434,1150495 A\ F itk
MI4 1075 [M-H ZEATHH-CHuwOs*  CuHuOs 2110091 2110993 095  2110993,1671039  A~B Lk
M95 1106 [MAH] AHER+CH CuoHu02 1630747 1630754 429  1630742,1190856  A~C.E.F.H F3ip
M% 1120  [M—H]" 14-dihydropyriding-35- CIHINSOy 279872 2479870 081 2479902168026 A R
dicarboxylic acid+ S04
MI7 1123 M—H] 37-THE%-26- M T CuHiOs 071027 2071029 -097  207.1029,1631101  B. D~F  fik
i —H.0%
M98 1171 [M+H]*  (4E6E12F)-tetradecatriene-  CuHisOs3 2331201 2331208 300  2331208,189.1344  A~B 223
8,10-diyne-1,3-diol+0&
M99 1181 [M—HI Bl fREERE SO CeHNSOr 2620019 2620027  -305  261.9997,1820486 A Bt
M100 1197  [M+H]"  (4E6E,12E)tetradecatriene-  CuaHus03 2351329 2351330 043 235.1330,191.1436 A, B.E.F fik
8,10-diyne-1,3-diol+H.0%
M101 1259 [MAH] ARAERIHHO0E CisHx0s 2531793 2531798 -197  2531830,235.1747 A H K&
M102 1276 [M+H]"  eudesm-4(15),7-diene-11-0-  CasHoeOs 2531788 2531780 316 2531780,235.1699  B.E.F K&
9-one-+Ho0%
M103 1356  [M—H]" ivasperin—CH2 CuHig0s 2491135 2491132 120 249.1135,2051167 A F PR
M104 1412 [MEHHF EENE+H0-COA CuHi20s 1810867 1810859 442 189.0876,1630710 A KE+HIHR
MI05 1451  [MHH]*  AARKEEIHOE CisHa0s 2651439 2651435 151  265.1459,247.1306  A~C.E.F. H Rk
M106 1476 [MHH] ARMEIHO CisHi03 271338 2471329 364 2471338,2291213  C.D.F. G. | B¥ft
M107 1587 [MHH FAARMEEIH0% CisHz04 271565 2671566  -037  267.156 6, 249.146 5, A, B. D. | X%
2131318
M08 1772 [M+H]* BEARAEEHHO0-COE  CuHaO 2051578 2051587 439 2051559,188.1407 A . C. H  kA&+HHHE
M109 1856  [MHH]" BHFH4CHE CuHuo 1430861 1430855 419 143086 5 142074 5, C AL
128,062 2
M110 1882  [MHH]* RS —H0% CisHa 2031789 2031794 246 2031761,147.1122 A H itk
MIL 1968 [MAH] REHHHH08 CuHy0 147.0806  147.0804 136  147.0806,1290697 A, D~F  k#&
M2 2011 [MHH] ARMEEI-CHA CuHis0 291373 2191380 319 2191368,175.1448  C. D EREN
M3 2043 [MHH  ARARIHCHA CisHz0; 71703 2471693 405  2471711,229.1608, A~C. F~1  HEf
1591116
M4 295  [MHH  ARKELCHA CisHa02 2451536 2451536 000  2451536,2011599 A, C. D. G ik
M5 2344 [MHH]  =RESRGEEETR - CuHus 187.1478 1871481  -160  187.1468,131.0845 A, E. H. | #H¥{k

CHA
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Fig. 3 Potential cleavage pathways of prototypical components in serum, urine, faeces, and tissues of rats after intragastric

administration of A. macrocephala
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334 HERXUEMEEMT HFERBEH
Y o-ME MR B R AT A, A TTEH S
R o ARIEIHACEE AR AT 20 Tl A 3K BRI A
R MEEERULHMEERE. FERNE
A HURMER TR, 2R I8 % &-CH;. -CO.

-CO, Ml HoO Z5/Nor T REHR =R B 7. LASR
1 % R 32, 46 N, 32 N 4-HREES
K, PREANA] 5.73 min, {E1ESE PR RS T
BT m/z 29 163.037 4, HENH 7508 CoHeOs,
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WA 45235 T K. 46 ¥ scopoletin, B I (1]
8.36 min, {EIEE I NS TETI&E m/iz N
193.048 8, #EMH AN CioHsO4r H G EIIE
b, EEBEEAE T miz AT 165055 0 [M+H—
COT*. 150.0274 [M+H—CO—CH:]", R4EALFRS
(1) R RMARRFAE, 256 55 B P B AH O STHR I S
B, ML A0 scopoletin, B ARZ g7 2L 3.
335 OB EWEEMNT ROPFME
W& —Fh DURIE T Be BUARFAE I R AR =40, £ 10 2=
42 AN SR AR, RRE A [R] BEAZ A 5 S5 A mT 43
DR VR R s - e s R A0 45 A T A - — e SR B 4 A
K. PAR 1 PEw R B %5 67 N, fRE A
12.55 min, EIEEFENXTHESTETIE miz A
235.169 5, HEMH AT AN CisHnO,, H ZHEE
i, BB BTN T m/iz 199.148 0 [M+H—
2H,07". 189.161 2 [M-+H—HCOOHT", H#Eik A
I3 T RS RARAFAE 45675 R A STk
S FE, BN EY08 eudesm-4(15),7-diene-11-
ol-9-one, HARZLfR T ILE 3,

3.3.6 HABLAEWSEEMNT IR 1 RS E R R
2% 20 9, fEEEIA] 3.87 min, 7FIE B TR R UE
ST ETIER 127.038 3, HEMI 372N CoH0s,
H Bk, EER RS0 miz f0T 109.027 2
M+H—H01", R4 42 570 1 — 20 1% 24 i
fIE, G565 B0 B AR SRS 8, A &
Wik S-¥% FOER R, B R 7 ALK 3.

34 RFBELEYETEREN

340 EHEAAREEES T IR 2 R e
43 31 4], 31 4 scopoline 25 H3EAL 2y, £/
A IS 18] 4.30 min, 7E1E & RS 15 16 m/z
N 142.083 9, Lt scopoline FJHESF B T m/z
156.101 9, /b7 14.018 0, 5B dh R A& A 2 LAk,
Jii 2 CHa )i &, #ED I3 H0h CaHNO,, H
R, R BT m/z AT 114.098 3 [M+
H—COJ". 98.096 3 [M+H—CO,]*, WIELFERS>
(1) TS RRARAE, 45 & B PR R AN 47 =X
HISZ 3, B AN scopoline 2% FH 3EALAR T 7
v, BARRETT A 4-A

342 REMREESES T BIER 2 AR
B4y 22 M, 22 8 453 B R R IR A,
TREAFIA] 3.46 min, 7E1FE S T TS T8 g
miz A 179.0330, b 4-BEFETRNMES T 71§
m/z163.0374, /b7 159956, il 4-REFETRKK

RN LET 1A O BIFE, NS 78
CoHeO4, FHRPEEN, FEEF EFUE m/z (1T
161.022 4 [M+H—H,0]", H4EIbZR0 1 2R
T RURARFAE, 456 S0 PE BOME S SCHR IR SRR, 1
WAL BN -5 F G R R =, Bk
2477 ALK 4B

343 WK ES T DA 2 i e AR AL Rk
5 2 i, 2 A BRER KA P24, AR BRI TE] 1.65
min, 7E5E TS T BT miz 2H 207.049 4,
LU 6 B R 1 HE 2> T3 1% m/z 225.061 6, T
18.012 2, T BAH BElE & A= B AKAR I K2 17 1 4 Ho0
(o, HEMIH 7308 CeH1406, 2R EE R,
TR B T m/z 7T 189.038 1 [M—H—HO,]
161.045 8 [M—HCOOH ] R #51b 2% il 73 (1) — 20 it i
SURRHE, G565 B0t B XMW 77 R he,
INAL S PR K AR =4, AR 5 =0
LK 4-C.,

344 KEMREHEEM T AR 2 e AL s
59 915,59 24 scopoline ZKEACU =4, TR BT IH] 6.80
min, 7EIEES A FAE T B 1 m/z 9 174.111 9,
Et scopoline [#ESN 1 BT I§ m/z 156101 9, % T
18.010 0, #iHH scopoline K AE/KAARE I LT 14
H20 HIJifi &, #5730 CsHisNOs, &k
W, FRERER B TE m/z AT 157.102 0 [M—H—
OH] ", 147.1094 [M—H—HCN]", HHEILFRA K
TRTGRRRAE,  25A S PR S AHE 22U
SCRE, WAL S8 scopoline /K AR A1, A
2177 ALKl 4-D.

345 BRI EN T AR 2 e AR AL AL
a5 72 B, 72 NPIREREZE TR ORGSR
P T [H] 7.98 min, 7E £ B T4 R HE> T3 F06 mi/z
N 293.102 4, FLPIREBEZE TR FIHE > T2 T U miz
337.092 9, /b7 43.990 5, VLHIAIEERLZE TR AL
R KET 1A CO, WiFiE, HEMHSTN
CisHis06, L ZENE, FEBFE TIE m/iz A
T 249.114 8 [M—H—CO»] "~ 205.122 7 [M—H—
COL] > MR ) — L RRASIE, 455

B B A 7 SR, i S A R
W2 T IR AR AU, B2 LA 4-E.
3.4.6 RS ESM T DA 2 R E AR
B 114 %1, 114 28 EAR P ERTH B0 AR =40,
LRI IA] 22.95 min, 7E1E & T TS 785 704
m/z A 245.154 0, L0 EAR A ERIRITE ST 55 106 m/z
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Fig. 4 Potential cleavage pathways of metabolic-type components in serum, urine, faeces, and tissues of rats after

intragastric administration of A. macrocephala
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231.1380, £ 7 14.0160, Vi AARNERIR A FH
ARBIN LT 1A CHy R E, #HEWHS N
CigH2002, F 2K, FERFE T m/iz AL
T 217.155 9 [M—H—COJ, MRy H 2
JR VG RRARAE, 25 8 B0 PR R AN 2 - 2R S
FF, WIAMACE P R N BRI B A =4, B
277 UKl 4-F.
347 HFERERRAARBIEE T DR 2 R ER
BRI RS 28 i, 28 NI ) LAS IR H M I R A b A
P, AREEIFTE] 3.97 min, 7EAE TR TN HED T
B miz N 329.047 1, JR)LZRBRIIHE > F 55 T 1&
m/z 153.0193, £ 7 176.027 8, VIR LA KA
BIPEBEER AL N £ T 1 A CeHsOs &, HEMIH )
F AN CisH14010, H G, FEH S FiE
m/z f7 T 153.018 5 [M—H—CsHsO6]™, HRHEAL R
O30 R VE SRR, S5 A S B 1 K HEN 41
SRR, BN AN IR ) LA R 1 R I R A AX
=y, Bk T LK 4-G.
348 GRS E ST PR 2 R E AR
oY 54 N, 54 e R E AL AR R, IR EE
B[] 6.31 min, 7E5 B TR N AES> T2 706 m/z
N 258.994 0, b uin kR 1R HE 4y TR T m/z
179.0350, £ 79.95090, i BH W MHERR A A5 % R 1L
mET 1A Sos W&, #HEWH 51N
CoHsSO7, H Bk rh, 32 5 V& m/z fif
T 179.032 8 [M—H—S0s]", R 2ER 1 —
PR VSR MRRRAE, 45 G S EE AN 4
SCRE, B AL A e R R R A AR R, B
A2 J7 XL 4-He
349 BRI E ST DA 2 RS E AR
B 4 B, 4 R AR =Y, PR I
[F] 1.85 min, EME A NHES TETIE mz A
175.028 5, ELIERR 133.014 2 FIUHES T B 7% m/z
123.039 3, £ 7 43.014 3, PEHIMHRR & 2L 2Bk N
7 14 CH,0 Wi, H#EM L4120 CeHsOs,
Hgplerh, FEE R & 706 m/z 7T 132.029 0
[M—H— CH;0] . 131.033 4 [M—H—CO] .
115.0029 [M—H—C,H;0—OH] ", AR¥EA22
TR TS RARRRAE, S5 A 5 B R AHEN o )
TRE, B S YRR R SRR Y, B
22677 0K 4-1.
4 g

SIS E RN T AR ZE RS AT T RS

(b, BRFERIL, AARBARIME S o A
FYERS . 2. RO, HEERIBLAPIREE,
A58 % UPLC-Q-TOF-MS/MS A, fEIE. fit
BN, ANNESLA 2 3 d Ja KRG
PRIG/ZEABRAL GOy FE B2 B . WD FRs
R o Je AR P . TE R R B, FIARHE SRR
SN EAARNERL 1. IEE I M 4 2R £ DR AT
AT, HACEFALRIC T MR N 7, X —HEE
5 Xu FEPTHRE s S8 R A R R — 2
PR RS AT R R R 5 0 2 25 3 A%
OH R -
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SIS A SR = T a2, 2 1 B
253800 AR LR A% OB AL AR 281 AR
AFF FEAE K B2 24 M3 Hh A I B R sy 53 A,
FEAFEMIRAE. AVERE LIRS REE . AT
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S 45 FORAH SRR IE 22T 40 i, RILER R R
RN MR G 2l A, o 2 Py
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