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Profiling Absorbed Prototypes and Metabolites of Bushen Huoxue Prescription (4 & il J5) -
A Comprehensive UHPLC - Q - Exactive - MS/MS Study with Molecular Network Analysis

WANG Yu,KUANG Wei, HUANG Yuxia, XIE Mengjun,ZHANG Mei
(State Key Laboratory of Southwestern Chinese Medicine Resources,School of Pharmacy,
Chengdu University of Traditional Chinese Medicine ,Chengdu 611137, Sichuan , China)

Abstract; Objective Bushen Huoxue Prescription( 4 ' 7% Ifi. /7, BHP) , a traditional Chinese medicine formula, is used for
the treatment of diabetic retinopathy (DR). Tt is composed of four herbal ingredients. However,the absorbed prototypes and me-
tabolites of BHP have not been extensively studied. Methods The plasma, liver, heart, spleen, lung, kidney, intestine , stomach,
eye,urine and feces of SD rats at different time points were collected after intragastric administration of BHP. The absorbed proto-
types and metabolites of BHP in rats were characterized using the UHPLC — Q — Exactive — MS/MS strategy. The metabolic net-
works in rats after oral administration of BHP were constructed by molecular network. Results Seventy — five absorbed prototypes
and 123 metabolites were identified in rats belonging to different groups in BHP,including iridoids , phenylethanol glycosides, tan-
shinones,, ginsenosides , isoflavonoids and other types of compounds. Phenylethanoid glycosides were derived from Dihuang( Reh-
manniae Radix) ,which had low bioavailability and were easy to be biotransformed into metabolites such as methylation and glucu-
ronidation, and were more distributed in the kidney. The prototype components of tanshinones and isoflavones were derived from
Danshen ( Salviae Miltiorrhizae Radix et Rhizoma) and Gegen( Puerariae Lobatae Radix) respectively,which were easily detected
in rat plasma and tissues. The metabolic pathways were mainly hydroxylation, methylation and glucuronidation, and the products
were easily distributed in plasma and liver and kidney tissues. Ginsenosides were easily hydrolyzed into protopanaxadiol and pro-

topanaxatriol in the gastrointestinal tract of rats. After phase I metabolism such as dehydrogenation and deoxidation,the products
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were more distributed in the spleen. Conclusion These findings could reveal the mechanism of action of BHP in DR treatment and

provide a method for the discovery of metabolites and metabolic pathways.

Keywords ; Bushen Huoxue Prescription( #M'E {5 Ifil J7') ;absorbed prototypes ; metabolites ; tissue distribution ; molecular net-

work ; UHPLC - Q — Exactive Orbitrap MS
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UHPLC - Q - Exactive Orbitrap MS 43§t 7t Vanquish UH-
PLC 1 Q — Exactive Orbitrap MS system ( Thermo Scientific , Mas-
sachusetts, USA) FEAT , i R GERC A INFA L BT 25 2 7 (ESD) .
K F ZORBAX SB - Cj i (2. 1 mm x50 mm,1.8 pm) ,
IRk 35°C, 1474 (ZORBAX SB - Cjg,2. 1 mm x 50mm, 1. 8
wm) ( Agilent Technologies, Mississauga, ON, Canada) , i 3l
H(A) 0.1% HER - AKHE WA (B) 0. 1% HIER - HIEE, ik
0.3 mL/min (0 ~5min,5% ~15% B;5 ~ 10 min,15% B;10 ~
15 min,15% ~45% B;15 ~20 min,45% B;20 ~25 min,45% ~
100% B;25 ~30 min,100% B, kRN 5 wl, R AHHEBIEE
FURIE R 52 A SR AT A . W55 L 3.5 kV
(+) /2.5 kV( =), & T A B ~OmFAIELEE 73531 300
CFI 350 °C ¥R BY S H 5351 A 40 arb 1 1S arb, $94
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JEHE m/z 100 ~ 1500, i i GE B4 &l 20,40 .60 eV,
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SE(E R HE T TS AR IO S AE L I O B
B R NG VBRI T 26 36,26 .27 .21 41 .3 .64 .45 N A
Ve e LSR8 W e A DN SN R S U S

3011 RTEFE W SARUEM XS E ORI HLEL, 4 E
A DNROEH Y X RS Y 2 ZORIETHM B 17
B2, FELER oK CEE R AR A o 2 L X AR
Y s T T80 A T ) €2 3 (% B I ) 0 T T R AAE , B DR B I [ 2y
14.97 min {1 £ 3% 06 S B 5 AR 0 1, — 20503 UL 4 T XXIX &
2A . AR N A BT HE D R AR N ME Y TR T m/z
623. 199 16( [C29H35015 -H]7), i e, %
%%ﬂﬁk@%%f‘rﬁi #?Eﬁiﬁ%% m/z 461. 17([(:20 Hs, 012 -
H] 7)o JBE25 0 o wle 1ot 5 20k 22 i /K 7 2R AR AE 0 R 8 T m/z
161.02 ([C,H05 - H] ™) B Jr 530k ik — 8, B,
I 1,20 .66 1l % A 2RI

3.1.2 AAEE AR E AR LIS, KRR
TR PSS 6 2 o S5 G bR IE R R 225 SCRR , 76K LA
WILSE I 13 DM PIS IR G . X EWTEIE R TR
ALY, BRI B R OK T MR
34 ), 38 3k Xk H A o i R B IR ) PR B, B AR B I )
24.01 min (350N S-S 1, 205005 WA v XXX &
2B, ARAEAF I o SRR i AR N UE ST T T m/z ([ Co
H,O, + H] "), RRIERE 8 F 261. 09 ([ Cs H,, Oy + H -
H,0]%),233.10[ C,sH,,0, + H + H,0 - CO]* ,205. 10[ C,sH,,
0, +H-H,0 -2CO] ", B} 530k il ik — 5, % 29 31,
35 .37 41 ~48 $ % E HFHSERL G

3.1.3 AReHE ASBTEASHEEAMAILTZ—,
AR TCEE# 20 h RN 2 = B2 ( protopanaxatriol , PPT) | J5
ANZ: B ( protopanaxadiol, PPD ) 1 5 BUR MR I A 2 WY

PPT 5 PPD B H & FHATF, REFERHFE BRI+, =X
ZUEETE SRR R T T EE, P EA
SRR ICE T m/z 475,38, R NS A BT OT
BFR m/z 459. 38, HPEE 2k 162. 05 Da, 146. 06 Da Fl
132. 04 Da 4351 %F 1o 75 25 % . BRA= W5 AAE/ BT RL A0 0. LAk
B 68 S, 45 A A S OR BRI (R RN AR5 R B DA DR B P[]
4 21.40 min {50y NS BT Re, 90 ik U4 00 XXIX A
2C, AR RS B 0T A 4 L AR R AR D Sy TR T m/z
945.543 95[ C,sHy, Oy - H] AR IR E R — A RS F] m/z
799.49 . — A HEAT F] m/z 637. 43 | — AN &S 3 = T
RUREAE B F m/2z 475,38, 4 530k ik — 8, Kl
WEELT 2 A AS R (I 67 72) F1 3 M AS = REHl g
TF (K69 .70 71) o

3.1.4 ik BEHUEANEE M0k 2, R B AU
HH 5 B AL B, AR B Y 3 7 1 14 A F 82 5 .
ZEMIBRER DL C6 - C3 - CO6 B HRAY 2 — ZEBL 40 5, 3 4R
rp R DL B ST UG SRS A SR AR R, 1B
IESERE A — R, SO A B TR T
WE[M+H]" [M-H] ™ JLFICHR & T, 68 TR T
B, M HZ ZAR kR i CO(28 Da) \CO, (44 Da) \H,0(18
Da) .CH; (15 Da) 5585 F, LUMLAE 63 ], 45 & br e it 2 i
A ()R ZEAR A5 R B IR BE B E) R 12. 19 min 1) €6, 335 06 5y 55 AR
B, T LA T XXX ] 2D, AR A 1 S5 4 D 2
BRI m/2([Cy Hy 0y + H] ") HERD T B T RK
— 751 H,0 JE IR A BT m/z 399. 11, m/z 381. 10, % A= 4
it X ER 14T H,0 BRI R BT m/z 297.08[M + H -
H,0 - C,Hs05 ] " B J7 530k ik — 3. FFE, by
49 5052 ~ 61 .65 P4 N REEIZRAEY o

F 1 NP I A IR S A A S

SfE MeH o B

5 ¢/(mn)  HEL MS/MS(m/z) (&8 Em#R P 3l HGUM
(m/z) (/z) (ppm)
1 523 [M-H] "~ 461.1669 46l.1664  0.9121 315.11,135.05,85.03 CyHxo01,  Forsythoside E RR i
2 430 [M-H] - 3731152 373.1140  3.0910 211.06,193.05,167.07,149.06,123. 04 Cy6Hy059  Geniposidic acid RR i
3 6.00 [M-H] - 375.1299 375.1297  0.6484 151.08,125.06,59.01 CiHx3010  Mussaenosidic acid RR e,h,i
4 1.4 [M+H]* 2681042 268.140  0.6979 / CyoH4Ns0, Adenosine RR/SMRR/GRR/PLR d ~j
5 0.51 [M+H]* 175.1190 175.1190  0.3786 116.07,70.07,60.06 CeHysNyO, DL - Arginine RR/GRR e,f,h,i
6 5.45 [M-H] "~ 175.0007  175.0612 -3.0149 131.07,157.05,115.04,85. 04 CHy,045 2 - Tsopropylmalic acid SMRR/GRR/PLR d,h
7 18.39 [M-H] - 209.0458  269.0455  0.9672 241.05,225.06 CysHg0s  Apigenin PIR d~f,h~j
8 10.82 [M-H] "~ 129.0189 129.0193 -3.6591 / CsHs0;  Mesaconic acid PLR d~f,h~j
9 0.8 [M+H]* 123.0555 123.0553 19286 96.04,80.05,53.04 CeHsN,0 Nicotinamide GRR/PLR a,d~]
10 4.393.86 [M-H]~ 137.0238 137.0244  4.8124 109.03,93.03 C,HsO3 4 -Hydroxybenzoic acid ~ RR a,d~]
11 18.69 [M-H] - 3411024 3411031 -1.8000 326.08,282.09 CioH70g 6 - Demethoxytangeretin RR h~j
12 15.53 [M-H] "~ 193.0503 193.0506 -1.7565 178.03,149.06,134.04 Ciolo0y  ferulic acid RR/SMRR/PLR h
13 14.33 [M-H] "~ 493.1715  493.1715 -0.1148 313.09 CyHpo0q;  6-0-p - Vanillyl Ajugaol RR i
14 539 [M-H] "~ 375,182 3751297 -3.8260 213.08,169.09,151.08 Cy6Hy30,0 8 - Epiloganic acid RR h,i
15 14.97 [M-H] "~ 623.192 623.1981  1.6275 461.17,315.11,179.03,161.03,135. 04 CyoH35015  # Acteoside RR L)
16 0.9 [M+H]* 165.0550 165.0546  2.2538 147.04,119.05 CoHg0O3 P~ Coumaric Acid SMRR/PIR a,d~k
17091 [M-H] "~ 191.0194 1910197 -1.6575 173.01,111.01,129.0287.01 CeH;0, # Citric Acid RR a,01,]
18 18.50 [M-H]~ 299.056 1 299.0561 -0.0670 255.03 Ci6H110¢  Diosmetin RR L)
19 9.17 [M-H] "~ 130.086 8 130.0873  5.2430 88.04 CgH}NO, DL - Leucine RR f,i,)
20 13.82 [M-H] "~ 785.220 785.2510 13339 623.22,161.02 (C35H45059  x Echinacoside RR i
20.54 [M-H] "~ 179.0558 179.056 1 -1.8162 89.02,71.02,59.02 CHy06  glucose RR d,h,i
2 1.5 [M-H] "~ 282.0845 282.0844  0.5032 150.04,133.01,180.02 CioH 05N # Guanosine RR d~j
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Gk | APHE 7 S B S
§9 v mx W R R /NS () st R RE R
(/z) (/2) (ppm)
23 17.91 [M-HCOO]~ 20L.1130 2011132 -1.1982 183.11,139.11 CyoHy,04  Jioglutin D RR a,]
2% 16.42 [M-H] - 429.1981 429.1977 0.7211 249.06 Cy1H3309  Jiocarotenoside Al RR i
25 416 [M+HCO0] = 393.1404 393.1402 -0.4493 347.13,167.07 CygHp50y;  # Leonuride RR h,j
2 0.7 [M-H] - 133.0137 133.0142 -4.3204 115.00,71.01 C4H504 malic acid RR d~k
27 12.38 [M-H] "~ 183.1023 183.127 -1.8690 139.07,137.10,123.08 CyoH;s03  Rehmapicrogenin RR a,d~]
8 6.57,8.37 [M-H] - 593.1511  593.1520 1.3222 473.11,413.09,353.07 CyH015  Vicenin IT RR 1]
29 24.01 [M+H]* 219.1007 279.1016  0.5168 261.09,251.07,233.08,223.08,205. 10 CygHys05 1,2 - Dihydrotanshinquinone SMRR a
30 2.5 [M+H]* 127.0392  127.0390 1.924 4 109.03,81.03 CeH,04 5 - Hydroxymethylfurfural ~ SMRR a,d~k
31 4.7 [M+H]* 2971487 297.148 5 0.7459 279.14,269.15,253.16,251.14,238. 14 CyoHy 05 # Cryplotanshinone SMRR d,e,g~j
32 429 [M-H] "~ 153.0188  153.0193  -3.434 0 109.03,108.02 C;Hs0, # Protocatechuic acid SMRR g,1,]
B 262 [M-H]~ 197.0450 197.0455  -2.8611 179.03,135.04,123.04,73.00 CoHg05  Danshensu SMRR d,h~j
34 24.01 [M+H]* 279.1019  279.101 6 1.172°8 261.09,251.07,233.08,223.08,205. 10 CygHys0;3 = Dihydrotanshinone 1 SMRR a,d~f,h~]
35 23.67 [M-H] - 313.1454  313.1445 2.7250 269.16,241.16,226.10,213.09 CyoHy; 04 Neocryptotanshinone SMRR a,d~g
36 12.72 [M-H] "~ 1370239 137.0244  -3.9215 109.03,93.03 C,Hs0, # Protocatechual dehyde SMRR a,d~]
31 23.57 [M+H]* 311281 3111278 0.8556 279.10,269.08,265.09,223.08 CioHy90,  Przewaquinone A SMRR a,h,lj
38 15.88 [M-H] - 359.0764  39.0772  -2.4665 197.05,179.03,161.02 CgHis0g  Rosmarinic acid SMRR d,i
39 16.32 [M-H] "~ 493.1124  493.1129  -1.006 8 313.07,295.06,203.03 Ca6tly1019  Salvianolic acid A SMRR i
40 17.25 [M-H] - 313.0714  313.0718  -1.0213 283.03 Ci7H130  Salvianolic acid F SMRR d,h,i
41 18.65 [M+H]* 3131067 313.1071  -1.0544 295.10,267.10,253.09 CygH;;05  Tanshindiol A/B/C SMRR a,d,f,h~j
42 16.15 [M+H]* 313.1004  313.1071 -1.9316 295.10,267.10,253.09 C1gH1705  Tanshindiol A/B/C SMRR a,d,f,h~j
43 16.54 [M+H]* 313.1070 3131071 -0.1772 295.10,267.10,253.09 CgHi705  Tanshindiol A/B/C SMRR a,d,f,h~j
M4 25.17 [M+H]* 2051332 295.1329 1.1469 280.11,277.12,266.09,249. 13,206. 11 CioH1905  Tanshinone I1A SMRR a,d,e,g~]
45 24.05 [M+H]* 311281 3111278 0.855 6 265.09,251.07 CioHig04  Tanshinone 1B SMRR d,e,g,h,j
46 24.50 [M-H] "~ 313.1454  313.1445 2.8224 295.14,283.13,267. 14,255.14,239. 11 Ciol504  Tanshinone V SMRR a,d~g
47 23.91 [M-H] "~ 205.094 295.0976  -3.8859 277.09,265.09,249.09,238.06,209.06 CygH;s04  Tanshinone VI SMRR a,d,e,g,h
48 23.53 [M+H]* 3411386 341.1384  0.7639 281.12,263.11,235.11 CyoHyy05  Trijuganone C SMRR d
49 14.04 [M+HCOO] - 491.1850 491.1864 -2.8495 445.11,283.06 C3pHy05 3" ~ Methoxydaidzin PLR 1
50 17.01 [M+H]* 285.0157  285.0757  -0.018 8 270.05,253.05 CiH305 3" - Methoxydaidzein PLR a,h~j
51103 [M-H] - 191.0558 191.0s6 1  -1.4625 173.01,111.01,85.03 CHy,06  Quinic Acid PLR h
2 OB.05 [MeH]*  M.186 M7.186  LOITT 429.12,411.11,393.10,381. 10,327.09,297. 08,267.07 CpoHys0y9 3~ Methoxy Puerarin PLR ayd~]
31522 [M-H] "~ 429.1200 429.1191 2.144 4 309.08,281. 08,266. 06 CyHy 09 4° —Methoxypuerarin PLR a,1,]
54 16.84 [M-H] - 283.0014  283.061 2 0.8308 268.04 Ci6t1105  Biochanin A PLR a,d~]
55 16.45 [M+H] - 253.0510 253.0506  1.4337 225.06,224.05,208.05,197.06 CsHoOy4  Daidzein isomer PLR a,d~]
56 16.60 [M+H] - 253.0510  253.0506 1.373 4 225.06,224.05,208.05,197.06 CysHo0, # Daidzein PLR a,d,h~j
57 13.48 [M+H]* 4171165 417.1180  -3.5782 297.07,255.07 Cy1H5,09  x Daidzin PLR a,d~f,h~]
58 21.96 [M-H] - 267.06065  267.066 5 0.807 6 252.04,223.04 Ci6Hi10,  Formononetin PLR a,d~]
59 15.46 [M+H]* 271.0602  271.060 0.523 0 253.05,243.07,215.07,197.06,153.02 CysHy105  Genistein PLR i,j
60 18.08 [M+H]* 271.0603  271.060 0.860 8 253.05,243.07,215.07,197.06,153.02 G5ty 105 Genistein isomer PLR d,e,h
6l 14.34 [M+H]* 4331130  433.1129 0.2629 271.06,243.07,215.07,153.07 (315,019 Genistin PLR 1]
62 4.52 [M+H]* U1.1145  247.144 1 1.603 8 188.07,146.00,144.08 C4H1oN,0, Lenticin PLR d
63 12.19 [M+H]* 4171186 417.118 0 1.3238 399.11,381.10,351.09,321.08,297.08,267.07 CyHy 09 % Puerarin PLR a,d~j
4 14.20 [M-H] "~ 605.1891  605.1876 2.592°8 297.08,253.09 CoH33014  Pueroside A PLR 1
65 14.00 [M+H]* 463. 1241  463.1235 1.354 1 445.11,343.08,313.07 CpHy0;;  Tectoridin PIR 1]
66 14.49 [M-H] - 799.2682  799.266 6 1.966 4 623.21,175.04 Cs6H47059  # Cistanoside A RR/GRR i
67 24.55 [M-H] - 045.5440 M5.5428 1.2350 783.49,621.44,459.38 CysHg 015 * Ginsenoside Rd GRR j
63 21.40 [M-H] "~ 045.5443  945.5428 1.4932 799.45,783.49,637.44 ,475.38 Cysllgi01g  * Ginsenoside Re GRR 1,]
M 23.16 [M+HCOO] - 845.4977 845.4%04 8.600 0 799.49,637.43 475.38 Cy3H73016  * Ginsenoside Rf GRR i,j
70 21.64 [M+HCOO] = 8454905 845.4904  0.0820 799.49,637.43,475.38 Cy3H730,6  Ginsenoside Rl GRR 1,j
T 23.47 [M-H] "~ 783.4911 783.4889 2.770 1 637.42,475.38 CypH71 053 % Ginsenoside Rg2 GRR 1,]
7 25.17 [M-H] "~ 783.4912  783.4889 2.9259 621.43,459.39 CypH7043  Ginsenoside Rg3 GRR 1,]
B 3% [M-H]~ 055.4924  955.4908  1.7045 793.44,613.37,569.39 453.34 CygHz5019  Ginsenoside Ro GRR i
74 19.55 [M-H] - 931.5288  931.5272 1.739 1 799.49,637.44,475.38 Cy7H790,5  Notoginsenoside R1 GRR i
75 16.49 [M-H] - 523.1824 523.1821 0.5228 193.05,175.04 CysH31015  6-0-E - Feruloylajugol ~ RR 1
o RRERUER WA o 3, d ~ ) A O M8 B9 B SRR, 38 SMRR. FH5;GRR. AS:PLR. B4,
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USRI 2,
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WA R TFEE, B AT B —FE, UL T
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HITEMA A CsHyo 00 SARME S K 1 To 08 B B A — 3.
MS/MS &3 i 5% 253.05(C,s H,, 0, ) ,225. 06 ( C,, Hy 05 ) ,224. 05
(€1 H;0,) ,209.06( C,,Hy 0, ) ity S Skl — 20, bk
YEAREH IO AT SR AZ oy s e LA, L
£ M96 (281.046 0) ,M94 (333.007 9) ,M91 (349. 002 6) Jy i,
7 A5 M6 LR BB E) A 21. 47 A A B L R e £ 28
Da, % Xcalibur 14 HIou K 4 % C, H,, 05, MS/MS & i 7w
281.05(C, H,0,) ,253.05(C,sH,,0,) ,225.06( C,,H,0;) , 5Kk
T TCRE T — B, P HERT Y S M96 R TR Y
T A M4 R BB E] A 15. 43 AR A e LR o6 £ 80
Da, % Xcalibur 14 H G Z 4R C, H, 0,5, MS/MS [ 5
333.01(C,sH,0,S) ,253.05(C,sH, 0,) ,225.06 ( C,, H,0,) , 5
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Yo 1 MOL LB R 16. 35, XA F R L K EHZ
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o NCR TN : 0L RS (el /8

TEIEE PR , AS BRI B R —F , WA 0T
XXX & 3B, 455 461.399 2 {44 B itAE] o 25. 40, 2 Xcalibur
Tu%;ﬁ\:ﬁ%éﬂmj‘j C}U HSZ 03 o MS/MS iﬂE%EZT_\‘ 461 40 ( C}O
H,,0,) ,443.39 (C,, H,, 0,) ,425. 38 ( Cyy Hyy O) i1 407. 37 (Cy,
H,, ) “Z0REH, Scik' ™ — 30, BB BN PPD. B4 45
VE R A2 i LA, LAY 05 M103 (443.388 5) ,M104
(441.373 5) ,M109 (425.377 8) K4, i 5 M103 (45 &3 At i

72411, Lt PPD /> 18 Da, £ Xcalibur $l & HITZ 4 KK Cs
H,,0,, ‘&1 PPD #75 # [F] MS/MS 7% H- 425. 28 F1 407. 37,
R 4L N PPD K A 7= 4 15 5 M104 ) £ 88 15t [a] O
21.46,4: Xcalibur 15 HITTR AN CyHyw 0,0 i/ T BT
WA T SRR BT L A A /2 Da, BEIE, HEIUES B Ry PPD K
i K A=Y . 35 A M109 [ {5 B i) Sy 24. 55, 1 PPD
/> 36Da, 4 Xcalibur #8144 HICE A RH C,H, 0,5 PPD A A
[FIfE R 407.37 . R HERT A PPD A ROKABA G4
3.2.2 ANEE LR ARBHAESN KB R R
SR B A IE , ME ML A2 R A o 4l SOk R, B
SEAEHEL O M B ARG (1R 0. 12% ), 76 1 N 25 55 K
it I S R R ¥ S Ml A LR A AL A R
FRALmEEE O R ERR T AR A WIS R . OSSR R Ak S
PR A A R 3l A AR AL AR ER A 7= o W R AE A P
LA ERERBE IR SN . R L2 2
AR P R L 2 i PR HE

PSSR S T — IRV W S o 76 102K A 45 A
ZH LR PR I RE RGN ) BB 23, 156 WA PSR O IR S A R
W, B HE A A AT o AR AR P 8 R 2 e A ) %)
ZA PSR, IR T X s R ha#, 38
FH AL R AL R R B AP R IL A B TR
TEIMIE AN, ULBH H B 43 B 2 5d o S HE

NS R BUERN FELIFHACS Y PPD F1 PPT JE =
TA1E SR G B AR — 20 i, 76 R BRUA R 2] 24~ PPD 1
PPT (R, BB R0 LAHAC I, 48 s A A
Ho TERMISE PRI T PPD 18 % B BR AL =9 , $5 3C
BRARE 24 PPD A TR AR A0 | 259 T 0 76 1A ) AR Z ik
FIREHEAT ARG . A S R AR 3 B o A #E NG i i
FVE e, UL H S L2 00 i S AR

AN A FEE RIS, U ERE K
HMRGA T BB 5310 76 K BRI e 45 A U AR 2
5y KA B TR AL S, A A T AR =W Beak, 7ER N
R T 2k Sk B b i b SRk, &0t
PR, S BRI B 8 o B A B T i ™ 7 3 I
Fili B B W T YA I 3 o 0 D W T BE AN B O I Y A T
PR o XA E B A 2E MK AN rp, U BA 53 3R 2%
B3 5 22 38 i PR VBCHEE

2 AMEFIGILT R MR LR IR EE

SE HRE R

45 /(min) (5N MS/MS(m/z) e feamamr K ABM
(w/z) (w/z) (ppm)

M 281 M-H] - 130551 153.057 -4.0376 13.04 Colo0;  Hydronytyrosol RR
M 2.4 [M-H]~ 179.0346 179.0350 -2.3507 135.04 CoH,04  Caffeic acid RR ¢,d,i,j
M 6.5 [M-H]~ 355.0676 35.067 1 1.5690  179.03,175.02,135.04,113.02 CysHis019  Glucuronidated caffeic acid RR b,h
M4 6.62 [M-H]~ 2589916 258.918 -0.6113 179.03,135.04 CoH;0,S  Sulfonated caffeic acid RR a,b,i,j
M5 815 [M-H]~ 2B3.0074 273.0075 -0.3364 193.05 CioHo0;S  Sulfonated caffeic acid + CHy RR a,b.e,fh
M6 4.66 [M-H]~ 1810502 18L.0S06 -2.1258 137.06,135.04 CoHo0, Dihydroxycaffeic acid RR b,i,j
M7 10.40 [M-H]~ 165.0552 165.0557 -3.2819 121.06,119.05 CoHg03 3 - hydroxyphenylpropionic acid RR a~fh~j
M 6.45 [M-H]~ 245.0127 245.0125 0.6667 165.05,121.06 CoHgOgS  Sulfonated 3 - hydroxyphenylpropionic RR a~k
M9 3.9 [M-H]~ 163.0395 163.0401 -3.7303 119.05 CoH,0;  Dehydroxy caffeic acid RR b,c,h
M0 7.03 [M-H]~ 193.0503 193.0506 -1.75%65 178.03,134.04 CioHoOy  Methyl caffeic acid RR b,e,h
Mt 2.95 [M-H]~ 149.0601 149.06008 -4.6800 121.03,101.02 CoHg0, 3 - phenylpropionic acid RR c
M2 337 [M-H]~ 329.0874 320.0878 -1.2245 175.02,153.05,123.05,113.02 CgHi709  Glucuronidated hydroxytyrosol RR b
M3 16.81 [M-H]~ 651.2300 651.294 0.8244 475.18,193.05 C31H39015  Dimethyl acteoside RR c,i
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M4 15.77 [M-H]~ 637.2145 637.2138  1.1693  461.17,193.05,161.02,135.04 C3oH37015  Methyl acteoside RR ¢
M5 1.50,3.30 [M-H]- 233.026 23.0125 0.1116  153.06,123.04 CgHg0gS  Sulfonated hydroxytyrosol RR a~d,g,h
M6 4.89 [M-H]~ 343.1035 343.1035 -0.0023  167.07,113.02 CysHig0g  Glucuronidated hydroxytyrosol + CH3 RR b,i,j
MI7  5.40 [M-H]~ 2470082 247.0282  0.0656  167.07,113.02 CoHy1 065 Sulfonated hydroxytyrosol + CH3 RR b
M8 7.19 [M-H]~ 3410869 3410878 -2.7919  175.02,165.05,113.02 CisHi709  Glucuronidated homovanillin RR a,b,h~j
M9 3.9 [M-H]~ 1810503 1810506 -2.0415 137.06 CoHy0y4 Homovanillic acid RR b~fh~j
M20  3.20 [M-H]~ 357.0833 357.0827 1.5154  / CysHi7010  Glucuronidated homovanillic acid RR b,h
M2 3.14,5.34 [M-H]~ 261.0078 261.0075 14020  181.05,137.06 CoHg0,S  Sulfonated homovanillic acid RR b,e,h,L,j
M2 829 [M+H]* 3450006 345.0980 -4.0220  327.09,309.20,281.12 CygHy707  Demethyl and trihydroxyl tanshinone 1B SMRR ¢
M23 20.81 [M+H]* 3011433 3011434 -0.4154 28.13 CigHy 04 Demethy and dihydroxyl miltirone SMRR  b,c
M4 20.18 [M+H]* 313.0710 313.0707  1.2148  269.15,253.05 Ci7Hi305  Demethy and dihydroxyl tanshinol B SMRR ¢
M25 21.75 [M+H]* 3131439 313.1434 14522 269.15,154.13 CyoHy; 0, Hydroxyl eryptotanshinone SMRR  a~d,h~j
M26 16.20 [M+H]* 355.1172 3551176 -1.2891  337.11,309.11,313.11,295. 10 CyoHi90  Hydroxyl methyltanshinonate SMRR ~ b,d
M27 13.35 [M+H]* 480.1400 480.1391  1.6675  327.09,313.11,295.06 CoyHys0y;  Glucuronidated tanshindiol A/B/C SMRR ¢
M8 24.16 [M+H]*  339.123 33%.127 -1.1374  321.11,279.10,251. 11 CyoHyg0s5  Methyl tanshinonate SMRR ¢
M9 14.50 [M+H]* 343.0813 343.0823 -3.0831  325.07,297.08,279.07 CigHis0;  Demethy and carboxyiated tanshindiol A/B/C SMRR ~ ¢,i,j
M30 23.70 [M+H]* 297.1484 2971485 -0.3838  253.16,238.14,225.16,211.11,209.10 CyoHp,05  Hydroxyl dehydromiltirone SMRR  a,b,d,e,g
Wl 3.3 IM+H]* 971488 2971485  0.886  279.14,251.14,237.09 CioHn0;  Dibydro tanshinone 11A SMRR ¢,
M32 14.78 [M+H]* 309.0%60 309.0757  0.7726  291.06,265.09,235.08,207.08,179.09  CyH;305  Dihydroxyl tanshinone I SMRR ¢
M33 22.88 [M+H]* 309.1122  309.1121  0.3498  265.12,247.11,223.08,195.08 CioH704  Hydroxyl and dehydro tanshinone TIA SMRR ~ ¢,i
M34 23.49 [M+H]* 300.1123 309.1121  0.6460  265.12,247.11,223.08,195.08 CyoHy70,  Hydroxyl and methyl dihydrotanshinone I~ SMRR ~ a,b,d ~j
M35 21.86 [M+H] " 295.0005 295.06001  1.4113  267.07,239.07 Ci7Hp 05 Demethyl and dihydroxyl tanshinone | SMRR ¢
M36 22.90 [M+H]*  295.096 295.0965  0.5548  251.11,223.08,195.12,169.06 CygHys0,  Hydrated tanshinone I SMRR b
M37 13.82 [M+H]* 320.1006 329.1031 -4.3694  311.09,283.10,265.09 CigHi705  Demethyl and dihydroxyl tanshinone 1B SMRR ~ ¢,i,j
M38 19.55 [M+H] " 29.1292  299.1278 47667  281.08,253.07 CigHig04  Demethyl and hydroxyl eryptotanshinone SMRR b
M39 18.71 [M-H]~ 3110926 3110914  3.8261  267.10,223.07 CygHys0s  Hydroxyl tanshinol B SMRR  a,c,h,i,j
M40 21.79 [M-H]~ 325.0124 325.0718  2.0205 297.07,295.06,268.04,267.07 CigHi305  Demethyl and carboxyiated tanshinol B SMRR b
M4l 18.92 [M+H] " 3431183 343.1176  2.1345 325.11 CyoH1906  Dihydroxyl tanshinone 11B SMRR ~ b,c
M42 23.06 [M+H]* 3721807 3721805  0.3901  354.17,311.13,283.13,326.18 Ca1Has0sN' Neocryptotanshinone glycine conjugate SMRR  b,c
M43 22.55 [M-H]~ 4711279 4711286 -1.3661 295.10 CouHx3040  Glucuronidated tanshinol B SMRR b
Md4 22.30 [M+H]* 3311550 3311540 29230  313.14,295.13 CioHx05  Hydroxyl and methyl salvianonol SMRR ~ b,d
M45 1614 [M+H]* 487.146 4871246  0.2261 31109 CoqHp30p;  Hydroxyl and glucuronidated tanshinol B SMRR b
Md6 22.57 [M+H]* 293.0810 293.0808  0.6441  275.07,263.07,249.09,235.08 CigHi304  Hydroxyl tanshinone 1 SMRR  a~c
M47 23.26 [M+H]* 2851486 285.1485  0.3492  229.09,225.09,181.10 CigHa05  Demethyl and hydroxyl miltirone SMRR  b,d,i
M4 23.34 [M+H]* 4131811 473.1806  0.9551  297.15,269.15,241.12,213.09,19.08 CosHpOg  Glucuronidated cryptotanshinone SMRR ~ ¢,i,j
M49 16.13 [M+H]* 2671003  267.1016 -0.9453  249.11,221.12 Ci7His05  Decarbonylated hydrated tanshitone I SMRR b
M50 23.23 [M+H]* 2871644 287.1642  0.8971  269.15,251.14,241.12,213.09 CygHp305  Decarbonylated neocryptotanshinone SMRR  a,g
M51 24.44 [M+H]* 3151596 3151591 15571  297.15,279.14,268.11,254.09,251. 14  CoHx0,  Hydrated cryptotanshinone SMRR ~ a~e,h,i
M52 24.55 [M+H]* 277.0801 277.0859  0.7211  249.09,221.10 CigHi305  Dehydrated tanshinol B SMRR ¢
M53 16.25 [M+H]* 4731445 4731453 -1.7319  297.08,279.07 CyHps010  Hydroxyl and glucuronidated danshenxinkun BSMRR ¢
M54 15.64 [M+H]* 327.0869 327.0874 -1.6140  309.08,281.08,265.09,291.07 CigHisOs  Hydroxyl and dehydro tanshindiol A/B/C~ SMRR ~ ¢,i,j
M55 20.92 [M+H]* 327137 327138 -0.1473  309.08,299.13,281.11,263.11,235.08  CyoH,905  Hydroxyl tanshinone 1B SMRR b
M6 22.83 [M+H]*  345.1335  345.1344 -2.6316  327.12,309.11,281.11 CioHy 05 Hydrated and hydroxyl tanshinone 1B SMRR b
M57 20.63 [M+H]* 3011432 301.1434 -0.6181 283.13 CigHy 04 Demethyl neocryptotanshinone SMRR  b,c
M58 7.91 [M+H]* 593.1498 593.1501 -0.4302  417.12,399.11,297.08 CyHpg0;5  Glucuronidated puerarin PIR b
M9 19.45 [M-H]~ 287.0930 287.0925  0.9012  272.07,152.01,124.02 Ci6HisOs  Methyl and tetrahydro genistein PIR b,i
M60  14.47 [M+H]*  447.006 447.0922 -3.4681  271.06,243.07,215.07,153.02 CyHig019  Glucuronidated genistein PLR a,b,d,h
M6l 7.97 [M+H]* 4331133 433.1129 07562  415.10,397.05,379.08,367.08,295.07 Cq;Hy, 049 Hydroxyl puerarin PLR a~c,i,j
M62 16.92,15.46,22.97 [M-H] ~ 283.0615 283.0612  1.1542  268.04,267.03,240.04 CigHi 105 Methyl genistein PIR a~j
M63  8.48 [M+H]* 5951656 595.1657 -0.1632  433.11,271.06 CyH310;5  Glucuronidated genistin PLR c,i
M6 14.75 [M+H]* 315.0807 315.0863  1.2244  297.08,283,06,167.09 Ci7His0s  Dimethy and hydroxyl genistein PIR ¢
M65 16.63 [M+H]* 3010709 30.0707  0.6551  286.05,269.04,241.05 Ci6H305  Hydroxyl and methy genistein PLR b,c
M66  21.44,21.62 [M+H]*  29.0015 299.0914  0.4085  284.07,243.10,239.07 Ci7His05  dihydroxyl genistein PLR b,c,i
M67 13.94 [M-H]~ 337.0375 335.0387 -3.6809  257.08,215.11,135.04,81.07 Cy5H13078  Sulfonated equol + hydroxyl PLR b
M68 15.16 [M-H]~ 4171198 417.1191  1.6940  241.09,175.03,113.02 Cy1Hy09  Glucuronidated equol PIR a,b,d,e,h~j
M69 15.45 [M-H]- 4171199 417.1191 1.980 6  257.08,241.09,175.03,113.02 G109 Glucuronidated equol PLR b,h,j
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M70 16.04 [M-H]~ 417.1198 4171191  1.6%40  399.11,241.09,175.03,113.02 CyHp 09 Glucuronidated equol PIR b
M71 8.43 [M+H]* 497.0750 497.0748  0.2576  479.07,461.05,417.12 CoHy; 0155 Sulfonated puerarin PIR  ¢,h
M72 6.98 [M+H]* 5791713  §19.1708  0.8525  417.12,297.08,267.07 Cy7H3,014  Puerarin glycosylation PLR b,e,i,j
M73 8.87 [M+H]* 59.1709 579.1708  0.1148  417.12,255.07 CyH31014  Daidzin glycosylation PLR ¢
M74 2.7 [M+H]* 4310977 431.0973  0.9594  255.07,227.07,199.08 CyHig019  Glucuronidated daidzein PIR  a~dh
M75 13.15 [M+H]* 4310980 431.0973  1.599%5  255.07,227.07,199.08 CyHig01  Glucuronidated daidzein PIR  a~j
M76 8.30 [M+H]* 433.1137 4331129 1.7426  257.08 CyHp040  Glucuronidated and dihydro daidzein PIR a,b,i,j
M77 15.04 [M-H]~ 337.0396 337.0387  2.4763  257.08,215.00,135.04 CysH130,S  Sulfonated and hydroxyl equol PLR c
M78 15.77 [M+H]* 257.0811 257.0808  0.9717  163.04,137.02,123.04 CysHi30,  Dihydro daidzein PIR  b,c,h~]
M79 16.64 [M-H]~ 271.0606 2710612  1.4305 165.02 CysHy0s  Dihydro and hydroxyl daidzein PIR  b,c,i
M80 18.59 [M-H]~ 257.0822 257.0819  0.8602  151.04,147.04,109.03 CysHi304  Tetrahydro isodaidzein PIR  b,c,h~j
M8l 18.89 [M-H]~ 257.0822 257.0819  0.9789  239.07,163.04,147.04,109.03 CysHy30,  Tetrahydro daidzein PIR  b~d,h~j
M82 21.90 [M+H]*  269.0810 269.0808  0.4747  254.06,237.06,213.09 CigHi304  Methyl daidzein PR b~fh~j
M83 15.13 [M+H]* 243.1018 243.1016  0.844  133.07,123.04,107.05 Cistis03  Equol PIR  ab,d,gh~j
M4 17.8 [M+H]* 2431018 243.1016  0.9699  133.07,123.04,107.05 CysHys05  Tsomer of equol PIR  a~e,h,i
M85 14.41 [M-H]~ 3510186 3510180  1.6351  271.06,269.05 CysH3065  Sulfonated genistein PIR i
M86 15.86 [M-H]~ 321040 321.0438  0.6378  241.09,121.032 01.00,135.04 CysH3065  Sulfonated equol PIR ¢
M87 16.35 [M-H]~ 3210434 32010438 -1.4534  241.09,121.032 01.00,135.04 Cy5H13045  Sulfonated equol PIR ¢
M88 15.712 [M-H]~ 337.0394 337.0388  1.9330  257.08,135.04,137.02,121.03 CysH30,S  Sulfonated and tetrahydro daidzein PIR b
M89 16.00 [M-H]~ 337.0387 337.0388 -0.1495  257.08,135.04,137.02,121.03 CysH 30,5 Sulfonated and tetrahydro daidzein PLR b,e,g
M9 15.19 [M-H]~ 337.0390 337.0388  0.8465  257.08,135.04,137.02,121.03 Cy5H13078  Sulfonated and tetrahydro daidzein PIR  a~c,h
Mot 16.35 [M-H]~ 349.0027 349.0024  0.9294  269.05,225.06,197.06 CysHg0gS  Sulfonated and hydroxyl daidzein PLR c
M92 14.38 [M-H]~ 335.040 335.0031 2.6571 255.07,253.05,135.01 CysH,,07S  Sulfonated and dihydro daidzein PIR ¢
M93 14.64 [M-H]~ 335.040 335.0231 29304 25.07,25.05,135.01 CysHp 0,5 Sulfonated and dihydro daidzein PIR  b,d,h~j
M4 11.40 [M-H]~ 333.0082 333.0075 2.1986  253.05,225.06,197.06,135.01 CysHg0;S  Sulfonated daidzein PIR  a~dh~j
M95 15.43 [M-H]~ 333.0078 333.0075 1099  253.05,225.06,197.06,135.01 Cy5Hg0;S  Sulfonated daidzein PIR  a~dh~j
M96 21.47 [M-H]~ 2810459 2810456  1.2516  253.05,225.06,197.06,135.01 CieHoOs  daidzein + CO PIR byl
M97 25.40 [M+H]* 4614024 461.3089  7.5483  443.39,425.38,407.37 C3oHs305  PPD GRR ¢
M98 24.55 [M+H]* 4773927 4773938  -2.4443  459.38,441.37,423.36 CyoHs304  PPT GRR ¢
M99 23.61,25.37 [M+H]* 493.3882 493.3888 -1.0267  475.38,457.37 C30Hs305  Hydroxyl PPT GRR ¢
MI100 .15 [M+H]* 4873439 487.3418 43123  469.33,457.37,41.33 C3oHy05  PPD+20-6H GRR  ¢,i,]
M101 24.20 [M+H]* 4733643 473.3625  3.7653  455.35,425.34 CyoHy04  PPD +0-4H GRR  «c,i,j
M102 24.18 [M+H]*  455.3333 4553520  2.842 437.34.425.3% CyoHy705  PPD -6H GRR  b,c,d,fi.j
M103 4.1 [M+H]* 4433914 443.3884  6.9039  425.38,407.37 CyoHs,0,  PPD-0-2H GRR  «¢,j
MI04 21.46 [M+H]* 44137129 413127 04929 423.36,87.23 C3oHy0,  PPD-0-4H GRR byl
M105 23.53 [M+H]* 4413731 #413727  0.9077  423.36,287.24 CyoHy0,  PPD-0-4H GRR bl
M106 25.4 [M+H]* 4137125 M13727 -0.4060  423.36,287.24 CyoHy0,  PPD-0-4H GRR bl
M107 24.20 [M+H]* 4373418 437.3414  0.8911  419.33,361.29,283.21 C3oHys0,  M106 -4H GRR  b,c,l,j
M108 24.55 [M+H]*  425.37194 425.3778  3.8375  407.37 CyHy0  PPD-20-4H GRR  ¢,h
M109 25.59 [M+H]* 4253181 4253778 0.6091  407.37 CyoHyO  PPD-20-4H GRR  ¢,j
M110 2.17 [M+H]* 425.3183 453778  1.248  407.37 CyoHyO  PPD-20-4H GRR  ¢,j
M1l 21.61 [M+H]* 4233624 4233621  0.5270  405.35 CyoHp0 MI10-2H GRR by
M112 25.40 [M+H]* 4233624 423.3621  0.5270  405.35 CyoHy0 MI10-2H GRR  b,ec
M113 18.57 [M+H]* 639.4471 639.4467  0.6255  621.44,603.42,441.37,423.36,405.35 C3Hez09  Glucuronidated and dihydro PPD GRR ¢
M114 21.51 [M+H]*  603.442 603.4255 -2.2144  441.37 423.36,405.35 CyeHso0;  MI13 -4H-20 GRR ¢l
M5 1871 [M-H]- 63.476 63.470 0812 / Cager0s  (OH +PPT) - Gle GRR ¢
M116 19.06 [M-H]~ 612.3%3 6123939  0.5553  525.36,473.36,391.29 C33Hsg0,NS PPT cysteine Conjugation GRR ¢
M117 20.85 [M-H]~ 610.3786 610.3783  0.4982  523.35,471.35,380.27 C33Hs60,NS Dihydro M100 GRR ¢
M118 23.03 [M-H]~ 505.3%41 505.3535 1.1922  461.36,391.29,373.28,347.26 C3Hyg0s  PPT Dioxygenation with dehydrogenation GRR ¢
M119 18.67 [M-H]~ 5073692 507.3691  0.2358  391.29 C3oHs5;05  Dihydro MI102 GRR ¢
M120 18.50 [M-H]~ 523.3658 523.340  3.35%63  505.35,487.34,407.28 CsHs5;0;  PPT Trioxygenation GRR ¢
Mi21 25.81 [M+H]* 420.3738 4293727 24967  411.36,183.12 CyoHy0y  PPD-CH2-0-2H GRR  ¢~j
MI122 2.712 [M+H]* 4453684 445.3676  1.6971  283.03 CyoHy03  PPD-2H-CH2 GRR  ¢fgl,j
MI123 25.08 [M-H]~ 9315295 9315272 L6081  885.52,621.44,459.38 Cy7H79015  PPD +Gle +Gle + Xyl GRR ¢

a2 ;b BRI 0 2808 s s el 2 s e s he B 51 /M) B s kR RR. 038, SMRR. J35;GRR. A5 PIR. B,
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