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Identification of metabolites of Shenqi Jiangtang Capsules in rats based on
UHPLC-Q-Exactive Orbitrap MS
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Abstract: Objective To investigate the metabolites and their major metabolic pathways of Shengi Jiangtang Capsules (SIC, S
F%bE X #E) in rat plasma, bile, urine and feces biological samples. Methods Based on UHPLC-Q-Exactive Orbitrap MS
technology, gradient elution was carried out with 0.1% formic acid solution (A)-acetonitrile (B) as the mobile phase, and full
scanning and secondary mass spectrometry scanning were carried out with ESI ion source in positive and negative ion modes,
respectively, to obtain the primary and secondary mass spectrometry data of the compounds. Combined with literature reports, the
fragmentation pattern of reference substance and the law of drug metabolism reaction, the biological samples of rats after ig
administration of SJC suspension were analyzed and identified. Results A total of 125 compounds were identified in rats, including
47 prototype components (PA1—PF) and 78 metabolites (MA1—ME14), of which two were novel metabolites, namely MC15
(glucuronic acid product after di-demethylation of schizandrin A) and MD3 (sulfuric acid esterification product of dehydropachymic
acid), and four were new compounds, namely (6R,7R)-2,3,10,11-tetramethoxy-6,7-dimethyl-5,6,7,8-tetrahydrodibenzo[a,c][8]
annulene-1,7-diol (MC14), (6R,7R)-2,3,10-trimethoxy-6,7-dimethyl-5,6,7,8-tetrahydrodibenzo [a,c][8]annulene-1,7,11-triol (MC16),
(R)-2-((3R,3aR,6S,7S,9bR)-6-(2-carboxyethyl)-3a,6,9b-trimethyl-7-(prop-1-en-2-y1)-3a,4,6,7,8,9b-hexa hydro-3H-cyclopenta[a] naphthalen-
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3-yl)-6-methylhept-5-enoic acid (MDI1) and (3S,5R,10S,13R,14R,16R,17R)-4,4,10,13,14,17-hexamethyl-2,3,4,5,6,10,12,13,14,15,

16,17-dodecahydro-1H-cyclopenta[a]phenanthrene-3,16-diol (MD4). Conclusion

Research revealed that dehydroxylation,

demethylation, dehydration, hydrolysis, reductive hydrogenation, methylation, glucuronidation and sulfation were the main

metabolic pathways of SJC in rat samples. The preliminarily clarified in vivo metabolic characteristics of SJIC provided a reference

for exploring bioactive ingredients and action mechanisms of SJC.

Key words: Shenqi Jiangtang Capsules; UHPLC-Q-Exactive Orbitrap MS; metabolites; metabolic pathways; astragaloside IV;

formononetin; schizandrin A
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Table 1 Prototype components of Shenqi Jiangtang Capsules in rats
» miz Rk
5 wmn  AFR MEWET — — BHET amam K
WHE LR (X100
PAI" 1287 CuHsOis  [MHHCOOH]™ 99154776 99154590 —1.88  945.53043,637.42853,475.37549  ABEH Re P, B, F
PAL 1583 CuHoOw [M+HCOOH]™ 100754268 100754187 —0.80 96153619, 637428 10,475.37527  20-glc-ginsenoside RE/FH1k F
PA3 1794 CuHwOxz [MHHCOOH]™ 115360059 115360266 179 1107.5896 ABEH Rby P
PA4 1799 CyHnOi [MHHCOOH]™ 81547929 81548047 145 769464 11,63742633,47537628  notoginsenode Ro/StH)fk F
PAS 1826 CoMnOu [M—H]” 79948492 79948480 —0.15 47537616 ABEH RE F
PA6 1845  CoHnOi [MHHCOOH]™ 82949494 82949548 065  637.42853,475375 6 NS)-ABEH R F
PAT 1881 CuHnOi [MHHCOOH]™ 82949494 82949548 065 637423 95,47537643 NR-ASEH R F
PAS 1884  CuHwOn [MH+HCOOH]™ 112358947 112359143  L74 107758057 ABEH Rbs P
PA9* 1930 CaHeOu  [M+Na]' 80745067 80744440 177 62738678 HER F
PAIO 1962 CiHeOy [M+HCOOH]™ 68343703 68343604 —145  63743109,47537619 NS R F
PALL 1982 CuHuOis [MHHCOOH]™ 99154776 99154895 120 945.53882,78348895,621.43127  ABEH Rd P, F
PAI 2200 CuHnOn [M+HCOOH]™ 81148438 81148499 075 76547662, 61941669 NBIEH Ry F
PAIZ 2238 CuHnOn [M+HCOOH]™ 81148438 81148499 075 76547644,619415 10 NBIEH Ry F
PALA 2335 CoMnOus [M—H]” 78348946 78349042 123 621.43286,459.38147 ABEH Ry F
PAIS 2644 CuHnOn [MFHCOOH]™ 81148383 81148517 165 76548943 NS Rk F
PAIG 3101 CyHaOs  [MFH] 41530067 41532092 060 39730875,27120425,253.194 02 EFiEH P, F
PBI 1400 CigHuOs  [MFH] 28507629 28507385 —856 27005032, 253.04791,205.05321  EE AN F
PB2 1407  CigHuOs  [M—H] 2306064 283.06146 290 283.06088,268.03671,240.04088  HEHZ F
PB3 1408 CuHxOi [M—H]” 59312951 59312946 —0.08  285.04083,284.03241 R F
PB4 1419 CigHnOs  [M—H]” 28507629 28507385 —8.56  270.05038,225.053 54,137.02254  WELE F
PBS 1841  CuMiOr [MFHCOOH]™ 40108725 40108618 —267 12102879 6-REH R 4 R A P, B. U
PB6 1889 CigHuOs  [MFH] 26908138 269.07910 —847  25405536,237.05333,213.0809  EiIEL F
Pl 2251 CaufuOn  [MAH] 53122300 3122192 =207 40L15T71,383.14789,371.14737 k%D P
P2 2424 CoHuOr  [MEH] 40115947 40L1ST20 =566 383.14758,371.14728,357.13193  KKFER P
PC3 2596 CxuHpOy  [M+H] 53721245 53720862 —7.13  415.17365,385.162 81 ISR PU
PC4* 2829 CuuOc  [MAH] 4720771 41722488 —678  402.20096,386.20728,316.120 61,  TIRTHE P, U F
30110623
PCS 2926 CuHuOc  [MAH] 40119641 40119492 =371 386170 14,370.17508, 33011664 Tk TE P, F
PC6 2942 CuuOc  [MAH] 40119641 40119510 =327 386.17044,370.17456,331.11563  TKT L% P, F
PCT 3004 CuuOs  [MAH] S021754 5221307 —858  399.17795,368.159 64,353.13635  6-0-benzoylgomisin O F
PDI 125 CistaOsS MAH] 31905792 31916016 700 22911708 BEHED F
P2 2098 CuHuOc  [MHH] 50535236 50535068 —331  487.35897,469.33170,415.28259  16-oxoalisol A F
PDI 2081 CuuOc  [MAH] 41521206 41521014 —463 38419135 bersenogenin P
P4 2226 CubuOc  [MHH] 50132106 50132100 —0.10 48331055, 465.298 00 WEHIRE P B
PDS 2267 CubaOs  [M—H]” 4734034 4130271 076 46933035 HHR F
PD6 2617 CubuOs  [M—H]” 4331104 48330896 —430  409.27188 HREHR B P, B, F
PD7 2641 CaHuO;  MAH] 46735250 46735052 —428 31103547 3-keto-lanosta-79(11),24(31 -rien-21-0ic P, F

acid
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g1
miz wE
W5 wmn AT WENET — — WhET famem K
WHE i (X109
PD§ 2670 CuHgO; [MFHJ 46936817 46936639 —379  45135538,313.25195,295.04091  dehydroeburicoic acid P, F
P9 2703 CaHeOs  [M—H] 49732669 49732654 —030 42328790 A A P, U,
PDIO 3005  CuHwO:  [M—H]™ 49736308 49736017  —586  43733878,295.24033 160-acetoxy-lanosta-8,4-dien-21-oic acid
PDIT 3035  CuHeOs  [MFH 50936308 50936124 =361 449.33905,353.24570,293.02476  3p-acetoxy-lanosta-79(11),24(3 1 trien-21-  F
oic acid

PDI2 3037 CuHxOs  [M+HJ 50137364 52737064 =370 44933029,353.04585,293.0048)  FAKERK F
PDIY* 3094 CwHnOs  [MFH] 52938929 52938757 =325 45135471,295.24026 R F
PDI4 3101 CuHsOs  [M+H] 51537310 51537250 —L16  437.33902,41932910 B-ZHEEEB F

PEI 32 CHOs  M—H]” 15301878 153.019.00 141 109.028 85, 108.021 19 RLRR F

PE2 L7 CoHigOs  [M—H]™ 18709703 187.09694  —048  125.09637,97.06531 HLESTER: F

PE3 1858  CisHuOs  [M—H]” 32923279 32923380 3.07 21113235, 183.137 86 trihydroxy-octadecenoic acid or isomer P U
PF 1294 CxHsO  [MENa]" 42336028 42335962 —156 40534872, 189.16275,119.08508  SEihisEE F

o XML P-IK B-HIT USRI F-3EE, FERR

“*” Compare with reference substance; P-Plasma; B-Bile; U-Urine; F-Feces, same as table below
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HEM PB6 NTEWIAE R

313 AKNEZFERI WEY PCI~PCT 2ANEER
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[M—H] m/z 153.019 00, ¥ m/z 109.028 85
[M—H—COOH] 5 k4t 45 FAHFFI4, 40 PE1
RIFE LA -

JR R %4> PA2~PAS8.PA10~PA16.PB1~PBS5.
PC1~PC3. PC5~PC7. PDI~PDI12. PD14. PE2.
PE3 Al PF [ 2 4 5 SCoRFRIE (1)o7 1% 5
FAFFUS25], BAR RS E SR 1.

32 KB~MEE

321 BEERUESY BEEBSERKRAEN
FERAETACHS, BLFEBORE R i 32 FERE R 55
Nio FERBRARPN LRI S 10 2 HEH R~
(MA1~MA10), HRJE M BTE R 2. P
PA9 (BEEHIHE) A oA 52 B SR o3 AR A
MA1~MAS 7& PA9 BFIFHRARE ). MAL #E5r+
BT g [M~+Nal* m/z 513.354 74, % PA9 /b 294
HEWRET m/z 495343 11 [M+Na—H,O] #l
477.337 01 [M+Na—2H,01", H#EMI/ZE PA9 /KA
Y. PR EEERS, MA2 T3 118 [M+H] m/z
471.344 88, B MA1 /> 20, HEMZE MAT K
AT MA3 S T BT [M+H] miz
469.366 27, & MA1 Wb 22, EWAET miz
451.355 59 [M+H—H,0]"f1433.347 11 [M+H—
2H,0T", #EMIZE MAT XU K G H 340 = 41200 MA4
WS> T T [M+Nal' m/z 499.340 09, % MA1
WD 14 HERE R YR ZE 14, HENZ MAT B 3
Y, [RIEEATHE MAS J& MA4 i B L p= 161,
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Table 2 Metabolites of Shengqi Jiangtang Capsules in rats
g 0o ey ——— w AT T I
% min A S (X109
MAI  PAY 2712 CxHsiOs  [MA+Na) 51335504 SI335474  —058  495.34311,477.33701 HEER F
MA2  PAY 2696 CuHuOs  [MHH]' 47134688 47134488 —404  43530629,417.31204 MALBEAMBENR U
MA3  PAY 2820 CuHgOs  [MHH] 46936762 46936627 —288  451.35550,433.347 11 MAL UK IHREL B
MA4  PAY N4 CyHgOs  [M+Na) 49933939 49934009 140 48133081,463.32260 MAL BAEMN B
MAS  PAY 2190 CxHiOs  [MA+Na) 48530374 48532260 —235 46730682, 449303 28 MA4 RN B
MAG"  PAI 13.08 CuHnOi  [MFHCOOH]™ 84548086 84548926  —071  637.43286,475.37463 ABEH Ry B
MAT  PAI 1379 ColnOis  [MAHCOOH]™ 84347366 84347418 062 635413 57,473,360 05 MA6 &M F
MAS  PAID 1158 CxHaOw  [MHHCOOH]™ 69943140 699433 04 234 65341980,491.37289 PAL0 AL F
MA9  PAIl 2596 CyHnO;  [M+H]' 46139892 46139673 —4T5 44338705,42537634,36931348  ABEHPPD F
MAI0  PAIl 1983 CuHs:0s  [MHH] 47739383 47739124 =543 459.38437,441371 58 MA9 #344L F
MBI PR 1048 CigHi0sS  [M—H] 36301801 36301868 185 283.06091,268.036 83 PB2 BBk U
MB2  PB6 1276 CisHi0s  [M+H] 25506518 25506366 =596  227.06982,199.07462, 18106384  KEHT U, F
MB3  PB6 1283 CoHnOnw  [MAH]' 4511292 M501111 —407  269.07913,254.05544,237.05322 PG A AR L B
MB4  PB6 1434 CieHi0sS  [M—H] 34700300 34702328 055 267.06528,25204144,223.03848  PB6 FifH:(L P. B
MB5  PB6 2024 CiHuOs  [MAH) 77109648 27109485 —601  256.07126,240.07649 PB6 M Z M U, F
MB6  PB6 1625 CuHuOw  [M+H] M110857  MT12790  —150  270.09503,256.07153,24007692 MBS WAREEL P U
MBT  PB6 1803 Cigia0sS  [M—H] 34903874 349.039 18 126 269.08044,254.05673,240.03545 MBS BiEREfL U
MBS PB6 980 CisHOrS  [M—H] 333.00744  333.00800 168 253.04936,204.04593,197.05907  MB2BERRFEfL U, F
MBY  PB6 1641 CisHie0s  [MFH] M300057 24310115 —173 14905508, 123.043 81 5w U, F
MBI0  PB6 1195 CaHuOy  [M—H] 41711910 417.119 66 134 24108452 MBI EHHRRIL B
MBIl PB6 1245 CisHis0S  [M—H] 104380 32104224 —486  241.08533,12102877 MBY B P, B,
U F
MBI2  PB6 1144 CisHi0S  [M—H] 337.03874 33703918 131 257.08078, 121.028 47 MBY REMATMEL P, B,
U F
MBI3  PBI 1012 CoHuOn  [M+H] 46110783 46110672 =241 285.07401,270.05069,253.04805  PBI FA AL B. U
MBI4  PBI 1029 CigHi0sS  [M—H] 36301801 36301706 —262  283.06012,268.03690,252.09418  PBI FifMiL U
MBI5  PBI 1031 CaHaOn  [M+H] 46110785 46110648 =293 285.07401,27005060,253.04808  PBI HEHERIL P.B.U
MBI6  PBI 808 CofuOuS [M—H) 53905000 5390499 =030 459.00183,283.06018,268.03696  PBI WAIMERILHE B
il
MBI  PBI 1126 CisHiOs  [MAH] 27106009 27105841 —620  20505373,21506879,197.05888  PBI AL F
MBI§  PBI 6.99 CisHiOsS  [M—H] 349.00236 349002 66 086 269.04492,241.048 07 MB17 BRIt F
MBI9  PBI 1014 CigHia08  [M—H] 36503366 365.033 63 =008 285.07553,269.04288,255.00916  PBIMiEM+BiEEL U
MB20  PBI 1134 CisHi0s$  [M—H]” 35101801 35101810 026 27106079, 135.044 39 PBI &M+l U
A
MB2l  PBI 1355 CigHi0s  [M+H] 28700140 28709048 =320 163.03809, 137.059 52 PBI 2k U
MB22  PBI 1312 CsHiOs  [MFH] 257.08083  257.079 74 =424 163,038 18,123.043 69 MB21 i IR U
MB23  PBI 1664 CigHi0s  [M—H] 29905611 29905585 —087  284.03186,239.03345 PBI R HEL U
MB24  PBI 1938 CoMiOs  [M+H] 2990914 29909021 —398 284066 19,256.07141,243.10071,  PBI FAEHL U

227.068 94
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MB24  PBI 1938 CiyHuOs  [MAH] 299.09 14 299,090 21 =398 284.00619,256.07141,243.10071, PBI FEAfY U
207068 94
MBS PBI 1084 CisHxOs  [M=H™ 31512379 31512448 219 285.11191,267.101 68, 24112206 MB24 MiffAufk+igib+ U
R
MB26  PBI ILIL CisHisOs  [M=H]™ 32010306  329.10336 091 311.09140,285.11539,267.10269  MB2M4 EM+EEIL T
MB27  PBI 1299 CisHxOs — [M=H™ 31512379 31512320 =187 24112123, 149.05949, 12102878 MB24 BRI+ AML+H U
RN
MB2§  PBI 965 CuMasOn  [M—H]” 9115588 49115613 051 31515656 MB27 & BRI PU
MB29  PBI 1304 CisHOs  [M—H]” 29912778 299.126 74, 348 281.11523,263.10590,235.11028  MB25 it i 3fk B. U,
F
MB30  PBI 1429 CiHig0sS  [M—H]” 367.04931  367.049 62 084 287.09195,272.068 02 MB27 R AMABRERREIL Py U
MB3l  PBI 798 CisHuOsS  [M—H] 39508061 395.08136 190 315.12186,241.121 81 MB27 iR fe it B. U
MCl  PC3 1611 CuHis0s  [MAH] $3.18569  433.18491 —180  415.17249,383.146 42, 327.12100  PC3 /KARfL P, U
M2 PC3 1540 CoHyOs  [MAH] 41917004 419.16751 =604 401.15839,369.13138,331.11490  PCIAKMEM+BEAEML P Bl
269.078 67 U
MC3 Q3 053 CoMu0;  MHH) 40115947 40115775 =429 383.14709,371.14713,337.10593  MC2 Kkfk P
MC4  PCé 1901 CuHsOs  [MAH] 40119586 401.193 45 =601 386.16879,370.17484,355.15121  PC4 R EESM+EML P B.
U. F
MCS  PC4 2033 Culs0r  [MAH] 41517512 41517380 =318 385.16251,371.14670,356.124 60  MC4 FERAL P F
MC6  PC4 2523 CoHsOs  [MAH] 389.19586  389.19482 =267 374.17218,357.16711,325.144 62 PC4 Tk 34k P
MCT  PC4 1204 CoHyOs  [MAH] 118569 421.18430 =330 403.17401,387.189 39, 37114706, MC6 ME P
353.189 89
MC8  PC4 1550 CuHwOs  [M+H]' 43520134 43520074 —138  417.18918,385.16284,359.14761  PC4 BEHEMARMBIL DL B.
U. F
MC9  PC4 %39 CuHsOs  [MAH] 40119586 401.19440 =364 386.17081,370.17487,355.15121  MCS Bikf+EEN  F
MCI0  PC4 2660 CxHaOs  [M+H]' 40321206 403.209 66 =595 388.18509,371.18362,325.141 24 PC4 JiHIFEA B. F
MCIl  PC4 1974 CpHuOs  [MAH]' 40321151 40321112 —097  388.18747,371.18253 PC4 RESEMAREL B
MCI2  PC4 14 CuHxOs  [MHH) 40321151 40320999 =377 388.18423,371.18423,333.13208  PC4 B FEKMAELEL B
MCI3  PC4 246 CopHOs  [MAH] 40321151 40321033 =293 388.185064,371.18329,333.13187  PC4 MHEARLAAEL B
MCl4  PC4 217 CoMsOs  [MHH]) 38019586 389.19351 —604  374.16974,357.16800,326.149 41, MCI3 fit AL B
342,144 99, 288.097 11,273,074 22
MCIS  PC4 A0 CuHiOn  [MHH) 56500795 56500675 =212 389.19354,374.170 78,357,168 09, MC6 Fi &R B
288.096 98, 273.074 40
MCI6  PC4 1858 CuHOs  [M+H]' 37508020 37507630 —1042  358.16718,343.15213,311.12646, MCI4 JiERIEAL B
305.102 17, 287.089 39, 273.074 16,
241048 03, 213.053 31
MCI7T  PC6 1565 CuHsOr  [M+H] 4719077 417.18976 =240 402164 34,385.163 21,359.14722, PO AL P, B,
33111649, 313.105 53 U F
MCI8  PC6 299 CpHie0s  [MHH) 39918021 399.17892 =323 368.15955,353.13635,337.141 82 PC6 BEL KL F
MC19  PC6 1211 CoHx0r  [MAH] 40317512 40317435 —191 37114651, 345.133 64, 330.106 75, PC6 I+ T P. B
313.106 60 U F
MDI  PD6 2612 CaHgOs  [MHH) 46731558 46731143 —888  44930237,425.26526,325.21494  PDG kit B. F
MD2  PD6 2869 CuHuOs  [M—H]” 46731668 46731577 =195 43730289 PD6 A% F
MD3  PDI2 1311 CuHsiOS  [M—H]™ 60531536 605.316 65 213 52535876 PD12 GilRR1L F
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MD4¢  PDI2 2636 CpHi0y  [MHH) 34527880 345278 14 —449  327.266 88, 309.256 59 PDI2KAEMHIUBESR  F
MEl  PEI 264 CHO06S  [M—H] 21698068 216.98009 -2 13700356 PF1 iR+ RRRRR (L B, UL F
ME2  PEI 322 CsHs0S  [M—H] 230.99688  230.99626 268 15103905 PF1 iR RRRRR (L UL F
A
ME3  PEI 355 CHOsS  [M—H] 188.98576 18898506 =370 109.02879, 108.021 07 PEL AT PL UL F
ME4  PEI 233 CHOS  [M-H] 20498123 204.98042 —395 125023 64 PEI [ R AT Py B U
i1
MES  acteoside 280 CsHiOs M-H]™ 15305571 153.055 16 =359 123.04449 IR U
ME6 acteoside 276 CsHiOS  [M—H]™ 23301253 233.01167 =369 153.05478, 123.044 41 MES BiEB I U
ME7  acteoside 312 CoHiOS  [M—H]” UT0818 24702730 =356 152.04697,123.04433 MES BBt P U
ME§  acteoside 1.6 CoHw0:S  [M—H] 26100634 26100818 705 21701338, 161.060 84, 137.05966  MES WEBEM+HEN+E U
ft
ME)  acteoside 863 CoHiQs  [M—H]” 19305063 193.05011 =269 17802591, 134036 54, 12100879 UEIE F
MEI0 acteoside 412 CoHiO8  [M—H]™ 26100634  261.00659 096 181.04941,137.05997 ME9 fi A E M U
Rt
MEIl acteoside 450 CioHiO8  [M—H]™ 27300751  273.00699 =190 193.04909,178.026 03, 134036 54  ME9 BiFaR&iL P. B. U,
F
MEL2 acteoside 455 CiHiOs  [M—H™ 21106119 21106073 =218 193.04842, 165,054 15 ME9 K fé F
MEI3  acteoside  8.14  CoHio0s [M=H]” 16505571 16505524 —285  121.06509, 119.049 45 ZEMHRm R P U
MEI4 acteoside 518 CoHioOS  [M—H]” Us01253 24501170 —-339  165.05467,121.06517 SRR R ST B UL F
[
807.444 40
627.386 78
.|I||1“|.|I|\I\II\1 I : : . : [ : i
100 200 300 400 500 600 700 800
m/z

2 PAY (REHH) ZHFUEE
Fig. 2 MS? spectrum of PA9 (astragaloside IV)

322 BHEARAU Y SRR EWAE R R
W E TR A R L R A R S A AR SN,
] 0 W I T A R R B 1 S TR AR S B o 7K IR
SRR 31 AN EE R AW (MBI1~
MB31), HRIE KRB TE B 2. L PB6 (1=
WAEZ) Rl o B BB 2K s o AR & 2. MB2~
MBI12 =& PB6 FIAHARE 4. MB2. MBS 11 MB9
NTHAR ST, MB3 . MB4.MB6~MB8 #ll MB10~

MBI12 NIAHACE= 4. MB2 5> T3 I M+
H]* m/z 255.063 66, % PB6 &/ 14, H#El2& PB6
LS. K H IR MB9 #5151 M+
H]*m/z 243.101 15, % MB2 /> 12, #EWE MB2
i A AN J5 AL S I ME S 200 MBS (A7 7)1 58
TI& [M+H]" m/z 271.094 85, #: PB6 )2,
M2 PB6 AR JFE P27 MBS #7151 I
[M—H] m/z 333.008 00, # MB2 3411 80 H 5 Fr
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316.129 61
285.109 56
347.148 07
‘L 386.207,28
‘JJl J|l|]||n\|||n| 1 Iln 1 J' I J “I “lll L |1:|||JJJ’A . ‘
50 100 150 200 250 300 350 400 450

3 PC4 (AMRTHE) ZHEE
Fig.3 MS? spectrum of PC4 (schizandrin A)

BT m/z 253.049 36 [M—H—SO:;H]~, #EI/Z MB2
R B AL F=412), MB3 5T & 11§ [M+H]" m/z
445.111 11, # PB6 ¥4 176 HEWHE T m/z
269.079 13 [M+H—CeHsO6]"> #HENZ PB6 % H
AL P2, [FFEAHE MB4 /& PB6 BRERERIL™
Y7, MB6 1 MB7 73l /& MBS )75 & i R L
FEYIRIR EREEAL =), MB10 Al MB11 43 5)5& MB9
F1%) 6] 767 8 % TR A 7= ) VR R B b 7= 1290, MIB12
WS> T B 7Ig [M—H] m/z 337.039 18, X4 T
Jii B 5 MB9 30 96 HL& 5 B 1 m/z 257.080 78
[M—H—SO0sH], #EMZE MB9 #EALEIREREE
PR,

323 REZRFREY KRIERFUEWERR
AN EERAERT ., B BEA AR ST
FHARH B RE o 75 K BR AR LA IR 19 AR R BN
W (MC1~MC19), HoRIE R B TEE W
2. UL PC4 (HBRTHZE) NI OHTANE R I
S EIREHERE . MCA~MC16 & PC4 HAH AR T~
¥, 3L SciFinder £ &I, MC14 Fl MC16 7&#r
W), MC15 A B i i i ok 7 H R B
=) MC4 153+ E 1% [M+H]" m/z 401.193 45,
5 PCA 98D 16, FHT BT m/z386.168 79 M+H—
CH;]*. 370.174 84 [M+H—OCH;]" 1 355.151 21
[M+H—OCH;—CH;]", #EMNIZ PC4 i FH 4 A1 5
=B, MC5 #4573 11§ [M+H]" m/z
415.173 80, %% MC4 #11 14, & 21 385.162 51
[M+H—2CH;]*. 371.146 70 [M-+H—CHO—CH3]*
F1 356.124 60 [M+H—2CH;—CHO]*, #Ell & MC4
EEIEAL =00 MC6 #Er T T [M+H]" m/z
389.194 82, # PC4 8L 28, HEMIE PC4 WU H L

PRI, MCT HES> T2 T [M+H]" m/z 421.184 30,
5 MC6 #4132, NN MC6 XUFRIEAL =4, MCS
W T TIE [M+H] m/z 435.200 74, % PC4 1
18, EWAET 417.189 18 [M+H—H,0]".
385.162 84 [M+H—H,0—CH;—OH]"#1359.147 61
[M+H—C,Hs,O—CH;—OH]", #El2& PC4 it F &
JE RUFRFEAL A8, MCY #ES T B T Ig [M+H]
m/z 401.194 40, B MC8 /> 14, S ET
386.170 81 [M-+H—CHs]*. 370.174 87 [M+H—
OCH;]" 1 355.151 21 [M+H—OCH;—CHs]*, HEMN
& MC8 Il /K2 2L 9); MC11. MC12. MCI13
FMC10 & [R5 S Fa i B P B8 ARML, RRT =2
R B IS TR AR, #CHEN MC11. MC12. MC13 /2 PC4
BRI AR AR B 2, MC10 B i, B
PC4 /> 14, N MC10 & PC4 )i 3 =481,

MC14 KRB NE g 21.17 min, #E7> T8 11§
[M-+H]" m/z 389.193 51, #R4#E Xcalibur FAF7E 5X
1070 [ 5 2 i 22 Y0 ] P HE L 2375008 C22HosO6,
5 PC4 M ZE 28, HEMIZE PC4 #2310 5 S i A
B B AR AN R R SRR
T 3. R BT miz 374169 74 [M+H—
CHs]*. 357.168 09 [M+H—CH;—OH]". 326.149 41
[M+H—CH;—OH—OCH;]*. 288.097 11 [M+H—
CH;—CsH 001", 342.144 99 [M+H—2CH;—OH]*
A 273.074 22 [M+H—2CH;— CsH00]", il
MC14 J& PC4 F2 AL 5 IE B2 48 2 i 272 9)
5 Xcalibur #AFHEN 25 R —2 . #R#E ChemDraw &
% I iy %4 N (6R,7R)-2,3,10,11-tetramethoxy-6,7-
dimethyl-5,6,7,8-tetrahydrodibenzo[a,c][8]annulene-1,
7-diol. MC14 [ 15 1B S AR FEE DL I 4.
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50 100 150 200

HOAO 4_ HO
OH

m/z 273,074 22

OH

miz 288.097 11

m/z 342.144 99

4 MC14 B

-CsH 00 CH,

389.193 51
288.097 11

357.168 09
273.074 22

326.149 41

o)
250 300 350 400

miz 374.169 74 m/z 357.168 09

EE R AT RER R AR AL

Fig.4 MS? spectrum of MC14 and proposed fragmental pathways

MC15 IR B Y 21.04 min, #EZ> T8 7%
[M-+H]" m/z 565.226 75, R4 Xcalibur #AF1E 5X
1076 1 o3 22 22 Yo Rl P AU 3237 0N CasHieOrzs
5 MC6 HEIN 176, HHEMZ MC6 & B RERL T4 -
TEF B m/z 389.193 54 [M+H—CeHsOs]" F S5 %
WERERAAFAE s W 25T m/z 374.170 78+ 357.168 09+
288.096 98 Fl1273.074 40 5 MC6 —%(, [FUtHEN
MC15 2R MC6 FI7E & BRI 1L =4, Rl PC4
(RS0 FF s i A 2 R R R AL T 40 o

MC16 B IE] A 18.58 min, #EZ> T35 1%
[M-+H]" m/z 375.176 30, R4 Xcalibur FKAF7E 5X
1070 AR 5 5k 22 91 [ Y I 249+ 3008 C21H260s65
5 MC14 980 14, HEMZ MC14 i 3691, R
ChemDraw 4 {41 H MC14 fiifs 1 4> 7 H R A 454
AT R 220, e BS T m/z 358.167 18 [M+H—
OHJ*. 343.152 13 [M+H—OH—CHs]*. 311.126 46
[M+H—H,0—OCH;—CH3]". 287.089 39 [M+H—
C3He—OCH;—CH;]*. 273.074 16 [M+H—C4HsO—
2CH;]". 241.048 03 [M+H— CeH20 —20H]* 1

213.053 31 [M-+H—CeHi,0—20CH;]", #E 2
MC14 i F3Er=4), 5 Xcalibur HfFHEMZE F—5

i ChemDraw B AHF AL E 49 (6R,7R)-2,3,10-
trimethoxy-6,7-dimethyl-5,6,7,8-tetrahydrodibenzo[a,c]

[8]annulene-1,7,11-triolo MC16 115 i & Az 2 A KA
LI 5.
324 =R =R A WIERRAE A

FEDUFR L ARAFLE, TR S LR 2] 4 A
=R BT (MD1~MD4), %4 SciFinder
K2, Hh MD1 fil MD4 2tk &%, MD3 &k
R 1) R SRR AR

MDI1 HIR#BE I A4 26.12 min, #E7> 15 11§
[M+H]" m/z 467.311 43, R4 Xcalibur X EFAE 5X
1076 (14 57 2 22 Y0 B P AR L 4315008 C30H4204,
L PD6 (IRZHR B) AHZ 18, #ENH PD6 /K™=
W)o FIFH ChemDraw #45t Hak 471 246%, MDI
B2 1 707G BT m/z 449.302 37, 38 |
XU W 2R BT m/z 425.265 26 AR L MRS
FEF BT m/z 325.214 94, #KHENZ PD6 it KA
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273.074 16 375.176 30
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Ml‘ [mlmﬁm L W“ll Jh .‘ .
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_| +H
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OH _| _|+
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- ——
A Cri % O O

N
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¥
OH by ~0 OH oy
miz 311.126 46 miz 375.176 30 m/z 358.167 18
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b

N7

O
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Fig. 5 MS? spectrum of MC16 and proposed fragmental pathways

P, 5 Xcalibur BFHEMN £5 R — B, R4
ChemDraw 315 2| HAL= 4 (R)-2-((3R,32R,6S,
78,9bR)-6-(2-carboxyethyl)-3a,6,9b-trimethyl-7-(prop-
1-en-2-yl)-3a,4,6,7,8,9b-hexahydro-3H-cyclopenta[a]
naphthalen-3-yl)-6-methylhept-5-enoic acid. MDI1 ]
5 1 R R A L 6

MD3 R I 13.11 min, #5018 T 0%
[M—H]™ m/z 60531665, R4 Xcalibur X FFE 5X
1076 Fy it 2 22 ¥ Bl A HEDN L 737 300 C33Hi5005Ss
bt PDI2 (REMREM) X T HER 80, )7
BSF m/z 525.358 76 [M—H—SOsH] ilF SLHR R R )
FAAE, BRIGHEN MD3 72 PD12 BRERBEAL =4«

MD4 - BE I A4 26.36 min, #E/> T8 11§
[M-+H]" m/z 345278 14, R4 Xcalibur X FFE 5X
1076 (14 )5 £ (i 222 ¥ 6] P HEIN FE 431 08 CasHieOos
FIFH ChemDraw %41 H PD12 B b 24 1 2 21
BEM AT 248, B ST m/z 327.266 88
[M+H—H,0]"F1 309.256 59 [M+H—2H,0]*, #Eill
#& PDI12 &ty bRasWr 2Tk L MEE R 1. HR4E
ChemDraw ¥ F15 2 HALF 44 (3S,5R,108,13R,
14R,16R,17R)-4,4,10,13,14,17-hexamethyl-2,3,4,5,6,
10,12,13,14,15,16,17-dodecahydro-1H-cyclopenta[a]
phenanthrene-3,16-diol. MD4 i it [ Je R At

LK 7,
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Fig. 6 MS? spectrum of MD1 and proposed fragmental pathways
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m/z
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-
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7 MD4 B FRIEE R T RERI R R
Fig.7 MS? spectrum of MD4 and proposed fragmental pathway
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