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Metabolic profiling of oligosaccharide esters of Polygala tenuifolia in rats based
on feature-based molecular networking
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Abstract: Objective To systematically characterize the metabolites of polygala oligosaccharide esters (PROEs) in rats, thereby
providing evidence for elucidating the pharmacodynamic material basis of Polygala tenuifolia. Method Plasma samples from rats
after oral administration of PROEs were analyzed using UPLC-QTOF-MS/MS. Feature-based molecular networking (FBMN) was
employed to visually cluster and screen for potential metabolites. The identities of predicted metabolites were further confirmed by
comparison with reference standards prepared via in vitro enzymatic incubation and chemical isomerization synthesis. Results
FBMN effectively clustered structurally similar metabolites, such as glucuronidated and sulfated products, from the mass spectrometry
data. A total of 59 metabolites were identified in rat plasma, including 14 free phenolic acids, 21 sulfated organic acids, 17
glucuronidated organic acids, and seven other compounds. No intact PROEs were detected. The metabolic pathway analysis revealed
that PROEs were rapidly hydrolyzed in vivo to generate various phenolic acids (e.g., sinapic acid, ferulic acid, syringic acid), which
subsequently underwent extensive phase I metabolism (reduction, demethylation, dehydroxylation) and predominantly phase II
metabolism (sulfation and glucuronidation). Conclusion Following oral administration, PROEs enter the systemic circulation
primarily as hydrolyzed organic acids and their extensive phase II conjugates. This study demonstrates that the combination of UPLC-
Qtof-MS/MS and FBMN provides an efficient and comprehensive strategy for identifying the in vivo metabolites of PROEs. This

approach offers a basis for revealing the active constituents of P. tenuifolia and serves as an effective method for elucidating the
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metabolic profiles of traditional Chinese medicines.
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Fig.1 Feature-based molecular networking of plasma

Ji5ixX-3,4,5- = AL AERR -

272 AT 3.4,5-=HEFEKFRI A K
AR MR IS5 5L 7= 4 1 5 B DL S B Ak o AR
WIS, SRR A HRE (1) 70,
B A -TF 7R UL K I 3K -3,4,5- = H AR JE IR R 4>
SVAETFEE (100 mmol/L), M 5%48H% (Pd/C,
RICJFRL, A SR EILY 15, fFEER.
WIREAKE TR NS . RV E, JE
BREMEAT], IS IERAREREE T, B80T
TR 3,4,5-= HFEIERNR .

2.7.3 R W T TR AL R B R AL T B RE O K o
IR AR 2540 4 e B HERA Y, AR TR TR
PROEs 7K fif J& vl B =4 A HLER R, R T
PARAMEEIE & 920, DASKREUER (b A 8 2 B IR AL 7
WA RRAE B DT R R AT 100
ul, JEMZIKEEA 0.2 mmol/L, 7E 37 C FiR%

from rats intragastrically administered with PROEs

H 120 min, AN 100 pL VK ZHEL AR, 785010
i€ 1 min J5F 4 ‘CHEET 12000 t/min &> 10 min.
o, 100 pL 8 % 9% B R A0 I N AR R AL 50
mmol/L Tris-HCl £z (pH 7.4). 10 mmol/L
MgCla. 25 pg/mL A HE . 10 mmol/L UDPGA F
2.5 mg/mL SD KR S9 5J% . 100 puL FEER 1L
A& Z AL 50 mmol/L Tris-HCl Z2iA W (pH 7.4)+
10 mmol/L MgCla 5 mmol/LDTT. 200 umol/L PAPS
H10.5 mg/mL SD K BRUHRICKLAANS, Fir A7 SR 34 &
234, FRESTIRAR A {4, SHRA IS
RIE IR B A TS AT kAR, = A4 ISR
R A B T B A, PATIR E -

2.74 LC-MS/MS Zr#r  KH UltiMate 3000 %Y
A RA, B IER “2.57 Til. QTRAP 5500 Jii
WAL ESL IR, KA AR FRACRE, 2

SHOCE N T WIS R E-4.5kV, AR 241



PER 2026£9H B57% B 178 Chinese Traditional and Herbal Drugs 2026 September Vol. 57 No. 17

* 6705
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x1 ANEBRMNRREEEINEE

Table 1 Information on organic acid standards and in vitro incubation products

B RIRACEYEEAT I, SRR T (MSD
Ly @ (MS?) W& 2, HritHee v & 5 e i

BT, AR RN R IE 20 eV,

. N , X AR RERERERR
5 wED A e P apy
1 XHBEFEFRR (4-hydroxybenzoic acid) C/Hs0s 138 M1 M2
2 XTHEEEFEE (4-methoxybenzoic acid) CsHs0s 152 M29 -
3 26-HIEAEFER (2,6-dimethoxyphenol) CsH1003 154 M6 -
4 WHIEAWEER (4-hydroxycinnamic acid, 4-HCA) CoHgOs 164 M12 -
5  MEEKKEE (4-hydroxyphenylpropionic acid, 4-PPA) CoH1003 166 M19 -
6  [AEEKKE (3-hydroxyphenylpropionic acid, 3-PPA) CoH1003 166 M22 -
7 4-RHEE-3-HESRFEHE (4-hydroxy-3-methoxybenzoic acid) CsHgO4 168 M4 -
8  fAHAEE (coniferyl alcohol) CioH1203 180 - M10
9  345-=FEHIEKE (34,5-trimethoxyphenol) CoH1204 184 M24 M15
10 FglEg (ferulic acid, FA) C10H1004 194 M18 M5, M20
11 —&FT3E: (dihydroferulic acid) C1oH1204 196 M13 -
12 T%& (4-hydroxy-3,5-dimethoxybenzoic acid) CoH100s5 198 M3 -
13 345 HEEFEFE (3-hydroxy-4,5-dimethoxybenzoic acid) CoH100s 198 M16 -
14 34-"HHEEAHER (34-dimethoxycinnamic acid) Cu1H1204 208 - M40
15 JFFER (sinapic acid, SA) CuH120s 224 M11 M9, M21
16 ZHJFTER (dihydrosinapic acid) CuH10s 226 M8 -
17 345-=WEIEAHER (3,4,5-trimethoxycinnamic acid, TMCA) C12H140s 238 - M46
18 345-=HHEILFAR (34,5 trimethoxyphenylpropionic acid) C12H1605 240 - M37
SRR AR . — R ARSI )
*Prepared by hydrogenation. —/n vitro incubation product not obtained.
#*2 EEEREAEARMEHARIGTINEEER
Table 2 Identification of metabolites of PROEs in rat plasma
F2  talmin MSt (m/2) AFR (fl i) MIS? (mi2) fam FI;ZN
M1 683 216.980 1 [M—H]™ CrHs06S 08 137.0233,93.0331 4-TREF R f2
M2 6.94 313.056 7 [M—H]" CisHuOg 01 137.024 6, 113.026 2, 93.033 6, A-AMEESERAE-HKWR %1
85.0291
M3 717 277.001 6 [M—H]~ CoHOsS  —0.6  197.044 2, 182.022 8, 167.000 8, 4-ffFt-35-—HIAEEFR" %1
1230073
M4 7.58 246.991 2 [M—H]~ CeHg01S 0.0 167035 6,152.011 4, 108.020 6 4T3 PRI 1
M5 859 369.0795[M—H] CuHiOnw  —14  193.048 3,178,026 5, 134.036 9 VT de S i 1
M6 893 233.0139 [M—H]" CsH1006S 16 153.055 8, 138.038 2, 123.008 9, 2,6-—HEAKLKMAIME 1
95.012 4,79.958 5
M7 8.94 137.024 0 [M—H]~ CHs0s —70  93.0371,75.024 6,65.039 3 bupzeiy il BAT A
M8 901 305.033 1 [M—H] C11H1408S 21 225077 3, 165.054 8, 166.066 1, 4-FH-—H ST %1
151.039 8, 150.033 0, 138.030 4,
79.956 8
M9 9.03 399.0925[M—H] CiHaOu  —07  223.061 1, 208.039 3, 193.016 3, 4-F&REEERAIE-IF TG %1

165.021 2, 164.045 4, 149.018 4,

113.022 2,85.032 8
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RE FBMN
5 tomin Ms* () AR (jlofﬁ) MS? (i) e s
M10 9.0 3551028 [M—H] CisHa00g 07 179.072 7, 164.053 8, 161.060 4, HAHIEEHIAIFEREERTE" %1
146.038 7,113.023 5
M1l 917 3030197 [M—H] CuH1208S 26  223.062 8, 208.038 6, 193.015 6, 4-FAK:-HTEL" %1
179.073 4, 164.049 2, 163.040 2,
149.024 6, 135.043 8,121,029 4
M12 932 242.9970[M—H] CoHa0sS 1.7 163.039 4, 119.050 8, 96.959 5 4TI TR %2
M13 935 275.0240[M—H] CioH107S 22 195.066 8, 151.074 6, 136.053 1, 4-Ff:-—SPI4R" %1
135.044 1, 121.032 0, 108.021 6,
79.958 9
M14 935 2910154 [M—H] CioH1208S 08 211.063 3, 152.048 7, 151.041 0, 3-Ff%-4-FAL-5-FAEKTR %1
135.044 9, 124.017 4, 79.956 3
M15 945 359.0993[M—H] CisH2010 15  183.068 2, 168.042 9, 153018 8, 345-=MEMEMBEHMEIMT 1
137.994 6,113.023 9, 85.027 6
M16 948 277.0036 [M—H] CoHOsS  —0.6  197.047 6, 182.023 6, 167.000 3, 3-#%t-4.5-—HIAIEHK " 1
123.0095
M17 953 479.0480[M—H] Ci7H20014S 02 399101, 303.020 6, 223062 4, FFFEREEREBRRNLES &1
208.039 9, 164.045 8, 149.026 9,
134,036 9
M18 959 273.0090[M—H] CioHu007S 53 193.052 0, 178.028 3, 149.061 7, 4-F&%:-WiZiRy" 1
134.038 3, 133.030 4, 96.958 1,
79.9575
M19 961 2450117 [M—H] CoH1006S —05 1650550, 121.067 3, 119.055 4 4-TEIE-IR TR f#2
M20  9.83 369.0821[M—H] CisHisO10 0.2 193.046 8, 134.037 3, 113.025 1, O-Fi%FEMERRAL-LAR" BATR
85.030 0
M2l 9.86 399.0932[M—H] CuHaOu  —02  164.0463,149.0250 9 G R TTIR” BT
M2 989 2450121 [M—H] CoH1006S —05  165.0557,121.066 6 3HREE-R R 1
M23 1010 273.004 2 [M—H] CioH1007S 06 193051 7, 178.029 3, 134.038 7, O-FfJE-FiZiR: %1
133.0316
M24 1015 263.024 9 [M—H] CoH1207S 23 247.999 1, 183.064 5, 168.043 1, 3,45-=FEMKEITIREE" %1
153.019 9, 137.996 5, 125.023 7,
110.001 0, 79.956 7
M25  10.18 305.0339 [M—H] C1H10sS 21 225079 7, 166.065 6, 165.057 6, O-FAk- &I TR 1
151.039 7, 150.033 5, 149.061 8,
134.0387,123.0455
M26  10.26 399.0919 [M—H] Ca7H20011 15 223062 6, 208.038 8, 193.014 7, 3-Hj%jREMREAL-4,5- 1
164.049 9, 149.023 6, 113.022 1, —HAIEAHER
85.024 5
M27  10.81 303.0193[M—H] Cu1H120sS 36  223.063 0, 208.037 8, 193.014 0, O-F&kE-JrvH fE1
607.041 6 [2M—H]~ 165.020 2, 164.047 5, 163.041 6,
652.043 9 [2M+COOH]~ 149.023 4, 135.045 8, 121.028 7,
93.034 6, 79.956 8
M28  10.86 327.0716 [M—H] CuaH160s 20 151039 2, 113.026 1, 107.050 7, T-¥i%ifEEIA-4-FAEETR %1
85.0277
M29 1099 230.997 4 [M—H]~ CsHsO6S 40 151040 5, 136.015 7, 108.021 9, 7-BEAE-4-HEHEFERR" %1
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K% tamin MSt (mi2) ATR (jlofﬁ) MS? (ml2) o s

M30  11.02 497.077 3 [M—H]- CuH20S  —04 417108 4, 321.045 5, 241.088 3, dehydroxyl-6,7-O- #1
175.024 0, 121.029 4, 113.025 5 methylenemangiferin sulfate

M31 1122 493.097 L[M—H]~ C22H2013 —03 317.068 3, 302.044 7, 287.021 2, dimethyl ether and methoxy 7% 1
113.0234 norathyriol glucuronide

M32 1135 163.0405[M—H] CoHs0s 02 119.0511,93.0339 MR IERER List

M33  11.49 195.0663 [M—H]- CioH1204 21  136.0523,135.045 6 — PR BATR

M34 1150 225.077 2 [M—H]- C11H140s 38  166.060 8, 165.054 6, 151.040 8, —& S TE* #1

271.082 8 [M+COOH] 150.030 0, 134.035 6, 123.045 4
4511632 [2M—H]"

M35 11.66 499.0534 [M—H] CaH2O1S  —1.0  419.107 9, 323.019 5, 243.069 0, dehydroxyl-7-O-methylmangiferin % 1
228.048 6, 117.019 0, 113.025 9, sulfate
85.029 7

M36 1172 4151224 [M—H] CiHuOn  —21 239076 7, 133011 9, 113.023 6, 345-=HEL-O-HEMHERE  #1
85.0279 KNR

M37 1190 4151221 [M—H] CigHaO1 05 239.090 8, 180.080 7, 175.026 1, 3,4,5-=H%¥-9- 1
113.024 0, 85.028 4 R G RRRRAE RN

M38 1190 223.0620[M—H] C11H120s 14 208038 7, 193014 4, 165.019 2, RA-FF1H* 1
164.047 6, 149.024 6, 135.043 7,
121.0295,93.035 1

M39 1192 193.0485[M—H] CioH1004 —-28  134.0368 B ER R BATR

M40 11.93 383.0994 [M—H] Ci7Ha010 04  207.067 2, 192.044 0, 177.016 2, 3,4-—F4EJE-9- M 4IRS ARAL 1
133.029 6, 113.024 3, 85.026 8 WHER"

M4l 1200 225.0774[M—H] C11H1Os 16 165052 3, 151039 9, 150.033 4, —EJF TRk BATR
123.0436,121.028 0

M42 1211 195.0665[M—H] CioH1204 —-09 136.0539,135.0413 3RES-WEAERNR BATR

M43 1214 413.1086 [M—H] CigH20n 26 237078 5, 222054 2, 207.031 5, 345-=HENEIBEBEMBRE 1
179.035 3, 175.024 0, 147.009 6, kR
113.022 2, 85.024 7

M44 1217 317.0344 [M—H] Ci2H1408S 42 237077 7, 222.053 6, 207.030 1, RRA-O-MKE-345-=FEAMLNER ##1
179.035 5, 164.009 5, 151.040 5,
147.0101,119.014 0

M45 1224 3830991 [M—H] Ci7H2010 1.9 207.064 8, 192046 4, 177.018 1, 34-—HEIL-OHEMRRIL &1
133,026 3, 113.023 8, 85.026 8 PORERR 51

M46 1226 4131094 [M—H] CiaH20n1 28  237.081 8, 222.052 7, 207.029 8, JiX-345-=HHH-0- 1
175.024 2, 133015 9, 113.023 6, W& REMRIL A R
85.029 3

M47 1238 4131092 [M—H]- CigH20n 26 237077 7, 222.053 1, 193.092 8, JHiR-34,5-=FHIL-9- 1
178.065 5, 175.027 2, 133.066 8, W% MEMEAL A L
131.051 7, 113.024 6, 103.057 1,
85.0279

M48 1247 449.069 9 [M—H]" CaoH1g012 —0.8 273.0407,258.0189 methyl ether norathyriol glucuronide  #% 1

M49  12.70 479.084 4 [M—H]~ Ca1tH20013 21 303.053 3, 288.028 5, 273.005 4, methylether and methoxy norathyriol % 1
245.0100 glucuronide

M50 12.72 223.062 1 [M—H]" CuH120s 23 193.0139,121.026 4,93.0373 I TF B 1
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%2 (8)
B FBMN
=} H 1 yA 2 AN
F5  ta/min MSt(m/z) iy (X109 MS? (m/z) et -
M51 1281 287.0225[M—H] CuH07S 28 207.069 3, 192.043 9, 177.019 9, O-FF}:-34-—HIEIENER: %1

164.0515, 149.034 7,133.029 1

M52  12.84 449.0730[M—H]" C20H18012 2.8

273.043 5, 258.017 7, 230.028 1, methyl ether norathyriol glucuronide 7% 1

113.024 3,85.039 3

M53  12.87 317.0344[M—H]~ C12H1408S 3.0

237.078 6, 222.055 0, 207.032 2, JRX-9-fEH-345-=HEHNER %1

179.035 3, 147.011 3, 135.044 4,

79.954 8

M54 1356 137.0255[M—H] CrHs03 57  93.0371,75.0246,650393 bupze: e LN %5

M55 13.86 239.0937 [M—H] C12H160s —7.0  179.069 2, 164.048 8, 152.046 8, 3,45-=HARLKR" %3
149,022 9, 137.020 6, 121.028 3

M56  14.38 237.076 8 [M—H]~ C12H140s 32 103.0539 RK-3,4,5-= FERE R HER B

M57 1445 323.0222 [M—H]- C1aH12078 0.6 243.066 8, 227.037 8, 200.049 1, dehydroxy norathyriol sulfate fk1
165.0181

M58 1462 3529993 [M—H]-
M59 1488 237.0784[M—H]"

C14H1000S 15
C12H1406 6.1

273.046 5, 258.019 0, 230.021 3
133.065 5, 103.054 7

methyl ether norathyriol sulfate %1
J-3,45-= AN R 4

* L I O S s R R DL R S I O S s IR TR E R T .

*Compared with enzyme incubation products and synthesized products; “Compared with reference standards; Bold fragment ions are quantitative ions.

3 Z#R
3.1 $HES FRIEERE S

AHFFEFIA FBMN izt EZE RS 25 K U5
()11 2% UPLC-Qtof-MS/MS ¥ #4704, WK 1.
SRR A Y VLRENE I R BEA, dl I b
P wI R OSERE, I S5 A HUER DARE SR 2 1M A%
Hor, HHERFEAFE AR KRR N ERZE,
FEAIRTL LI 2. W50 R I SEHE S 2 7 72K B
J¥r 18 P 2 AR KA, Ak AR T AR T AR AR s R o
R, ZBATER N KRS A RS AR, B
FELE AR A B TR R AL =)0, X8 1T A
R F=P MS? B35 R B I 22 i R 34 4] (SOs,
80) E M 3 & BEIE FR L] (CeHsOs, 1760 HIFFAE
RV o AR Z I TR AT 0, RIS
MNP AR AR, 3k 57 AT, HAhdE
SEHE B , TRiEH 11 AT SR H AR

R

X o W g AT BAR S, AR 1 88 (B 3D,
TFENE IR TR AL, (2168 55 A0 2 BEBS BR AL, (i
O YRR AW 2 M11Gn/z303.02)
M44 (m/z317.03) F1 M51 (m/z287.02) P§HERE,
MS? i B or = % 2 SOs (80). CHs (15) Al
CO, (44), Ut H BRI A MR RN A W) - M44
I M51 5 MI11 3 5IAHZE+14 Fi—16, HHENFH 75
N ML IR LRI =Y. 55 M9 (m/z
399.09). M40 (m/z383.10) F1 M43 (m/z 413.11)
HA MR, YHEA CsHgOs (176). CH3 (15)
I COy (44D, FiiE BERE BRI A MR R AW -
FRHE AN 201 B ZE (A MS2 1 A 45 B0 M40 Al
M43 F3HEN 9 M9 12532 AR B A= ). 5
Ab, 68 N HAE T 9N MAE T, HAp % 3
i 4 ¥IAIn& 8 1. Rk, FIFH FBMN &AHES:

OH OCH, OH OH
pﬂ%(CHJ ff%(@ W ,”%(@ y’%{\/@ W WOH
(0] (0] (0] (0] o o 0]

OCH, OCH,

OH OCH;, OH OH OCH;
WOCHB WOCHB WOCHS A OCH, X OCH;
o o (¢ o o

2 EEBERERE IR
Fig.2 Types of acyl groups in PROEs



PER 2026£9H B57% B 178 Chinese Traditional and Herbal Drugs 2026 September Vol. 57 No. 17 « 6709 «

A
27108
A0
B )
Mdd P07 Ms51 192 M1l 208
222
(1_’ 133 177 193
kX 1 5 i
237 317 15| 207 287 le4 fI5] 223 03
8% 4 1O 80 ! 149 [©) 80 ;
179 is N « iz > e L e
X ] 149 3 1 5
©) | o | i o [
. ¥ 1 1y L I 1 i
100 140 180 220 260 300 340 100 140 180 220 260 300 100 130 160 190 220 250 280 310
2
M40 192 M43 22 MS 208
23
5
& 399
7 |2 T 1 413 193 :
ipsl 6 ! \ 149 s 1
1 [91€ >1 \ | 14 o) 1
R 1 i
L |E -al PR ! 1 | 1 I |
100~ 150 200 250 300 350 400 100 150 = 200 _ 250 300 350 _ 400 100 150 200 250 _ 300 350 _ 400

mlz

3 FE1MEE (A) MXETHRE MSEE (B)
Fig.3 Cluster 1 network diagram (A) and MS? spectra of key nodes (B)

SRR, AT LA S BT e Th o R A I TS MS/MSS [ K i R B AT O, X

k7R 59 MU IREAT S 0E, IR 21 AL
32 EEBHEREARERBNKE~5Hh TRALT W 17 AU & PR BERR AL 40 14 SR

Ha Ak e Est, KoMt 68 A SEAHIRM 7 AR A, RiRK e R
TRUSE N 59 MR, BT RELE 4. 8 R 2. EEXTE YIRS AT, e T 24 4



* 6710 -

PER 2026£9H B57% B 178 Chinese Traditional and Herbal Drugs 2026 September Vol. 57 No. 17

RBP4 (M1~M5. M8, M9, M11~M13. M15,
M16. M18~M21. M28. M37. M46), LLxJ4h 5 I,
* 1K s,

321 ERAARETN % E L FBMN M4
M1L A% LT i, U B S R R R R AL A= 4
M4 EdFE. M1L, #ESTFETIE M—H]N m/z
303.019 7, Fthll4r ¥ =358 CriHi0sS, MS? Eli
FEIRE BTN m/z 223 [M—H—S03]» 208 [M—
H—S03—CHas]"» 193 [M—H—S03—2CHs]". 164
[M—H—S03—CH;—CO2] f1 149 [M—H—S03—
2CH3;—CO;] . HAr, kL% 80 R AA
TERRIEHR, HLRBR 2 AN H AR LM
TEAEA HEIEIUR, HEER 44 R A7
TEREE . MR & SENERG 45 A b 2 FE I ISR 288,
I T R A AR 72 W 1T R DA Y - TR R K AR IS A R
FFFIR (CiHnOs, FAXIArF & 224) 1 11 AL
Wr=#) (sulfo-sinapic acid). M27 5 M11 N[F4r57
Kk, JE L L AT RS TF R (sinapic acid,
SA) A AR = kG v 5 e 45 R0S1, H. C-9-OH
R EEPHI P e T C-4-OH fT2EIT, M27 5
M11 73 5 %58 O 9-TR B - I+ T IR AN 4-TRi - I+ IR
Fihk, ¥ SA 5 PAPS HEATIRAMNEE , 155 SA fif
FRAL = o AR HE SCRIR Hh 2 2 R RE R 1 AR 40 0 & 45
JLUS-18] BERRALAR Jo R AEAEZR IR C-3 B C-4 13 5
Mriedt . Rk, SA BRI S R AETE 4-OH,
A1 B RERR A = P TN A 4-f -0 IR, HoaZr™

M17~19

M27~28

W5 M1 IEREEREVCES, F+EA A MS/MS
Bk, ik, M115 M27 5 Rl% el - -77 1
R A O-T BE-TF TR

M3 FIM16, Hifk 7B Fig [M—H] 38 m/z
277.00, TM5F 34 CoH1008S, 5 M11 #H% 26,
HEM 5 SA FHELMIEE =25 1 AN (~CH=CH-).
MS? s H BRI B9 miz 197 [M—H—
SOs]™~ 182 [M—H—SO3—CHs]"» 167 [M—H—
SO3—2CHs]™ #1123 [M—H—S03—2CH3—CO2] .
Horr, rhE ok 80 R 4544 b HA R R LA, 1
PR m/z 197.04 5 SERERRIR R b T F AL 0012 W7 BS
TXIRL, HEMIF AT RN T HFRR IR . KT
BRI F Sy Rk 3-58 3 -4,5- — B AR L OK R
178 (B 5-B), WEBEERAY 70 M3 Al
M16 FI{- BB ] LK MS/MS I REAH LIS (& 5-A),
R4 50K M3 F1 M16 R4 N 4-fdE-3,5-—
FH AR R R R 3 -4, 5- — FHAUJR R R

M4 5 M11 Fl M3 #i%E, MS B3R [M—
H] 9 m/z246.991 2, 15l 731 CeHgO7S, 5 M3
HHZE 30 (CH20) « MS? B i 85 T3 6 m/z 167
[M—H—S03] . 152 [M—H—S03;—CHs] 1 108 [M—
H—S03—CH3;—CO2], 5 M3 &AL, Hedl
FORT AR 2 H AU 5 R AL =4 o J8 e %o HEE
i A-F53-3- F AU LR R AR MY B SRAS i IR AL 7
Y, ¥ M4 K58l 4T3 F A B IR IR . M29 1
ST T8N m/z230.997 4 [M—H] ", 437 LI

M37~41

9 10

4 WEBRERREMI ig AR MR A EIEE TR E

Fig. 4 Base peak ion chromatogram of plasma from rats intragastrically administered with PROEs
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A
M w4 A
50 150 200
B
M4
ML M3/
| X
50 150 200
AN
M46 ||| M4T c
M26
M2 MO 28 M4{4
MIQl M5y A Y1
G
WA A
50 100 150 200
MO 28 D
M40
M
M46
My [m1 M20
M37
M2
A T )
50 100 150 200

t/min

& 5

ARMEHAE (A FC). HIMEBRUPIBHA (B) MIFINAEEREB TR (D) HIRETRE

Fig. 5 Extracted ion chromatograms of rat plasma samples (A and C), ir vitro sulfation incubation samples (B), and in vitro

glucuronidation incubation samples (D)

N CgHgO6S, HHXT 7> ¥l &4 M4 /)~ 16, B> 14
AT . MS2HEF B FAFE m/z 151 [M—H—S0s]"
Al 136 [M—H—S03—CHs] . FEER 80 AL
WER m/z 151 55 SEHE RS o6t B AR 2K F BRI 102 W
BTN, HEM M29 kit FAR R IR R IR AL 7
W, B 7-f g -4- ARSI HR

MI18 Fl M23 #E T E T [M—H] 38 m/z
273.00, 5 M1l Mi#&EHMEX 5 FREMEZE 30
(CH20). MS? Bl RR K FEMH R BTN miz

193 [M—H—S0s] -~ 178 [M—H—S0O3—CHs] . #lI
134 [M—H—S03—CH3;—CO2] - 80 Da [ 1%k
M miz 193 HISWiEs -, REAH AT 58 TZERENE -
BRI /K AR AR ) B B R R R R AL = o ARSI
E R BIRAE K 1A FA TEERIL =9, 5 M18 {RE
i () A EAR A, 225 SCERRaE S K T R
A TF TR 1) %5 58 25 5L, AR AR B ) 1R )KF M8 1 M23
YIS TE R A-TE LR R AT O-fff BL-Fl R . MS1
(e T B 706 m/z 287.02, Eb M18 A1 M23 £ 14
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(CHy), HEMI1 7> 16 (0D, HEM N 3,4-— HEIERA
FERR IR A =4, RN AR EE 1 NG a,
Mok HE E g 9Tl HE-3 4- — PSR URERR . M44 Al
MS53 D FE T [M—HI 8 m/z 317.03, Lt
M51 % 30 (CH,O), HEMIH Ny 3,4,5-= P
BRI IR AL =4, ZARN TR E B A 2 MR
AT A, ARYECR BT IR, HEM 2 AN 5502
TMCA IR e A RRAG 4, ¥ M44 Fll M53
U 58 9 I T -9-itk -3 4, 5- = FH 4 ik DAY I8 R I =K -
O-fiffi %5-3,4,5- = H AL PREFR

MI19 (7% 2) fIM22 (JE D #EFTET [M—
HI 358 m/z 245.01, HAWE R BT m/z 165 M—H—
SO3] Al 121 [M—H—S05—CO2] - HH1, BEI/KAE
PN R AR ST B T m/z 165 S5AHZE 2, R
B M19 B¢ M22 A fEN 4-HCA &R J5 (R 1k
Yy, BUXF¥RIEIK AR (4-hydroxyphenylpropionic
acid, 4-PPA) MITERRILI=Y). XMEREERNRAEF
PR Ak =4 A1 M19 LR B B 1) DL K T 1% 45 2 — 2
4 M19 %8N 4-i R IR . A B 7T B MERR
TE AR AR ¥ AR B 3- R SR R TR (3-
hydroxycinnamic acid, 3-HCA) ['7), 5 4-HCA H N
[F 9y SRR, HFTEEER (ferulic acid, FA) fE/RN 4
KA REACRB I R 3-HCA, [Fk M22
AIREN 3-HCA &5 J5 FIRERR {74, B 3-fifi O
IR (3-sulfo-phenylpropionic acid), & M19 [1[F 7
SRR, RSN E R ERNR (3
hydroxyphenylpropionic acid, 3-PPA) 7551 H Az 1k
PR, TSR T %45 58
322 AR %SE UL FBMN
W2 MO A% 0o mt, T BH 55 R 322 1) 26 e
FRALACI = 4 e it 2. M9, M21 F M26, H
DT TIE IM—H] A m/z 399.09, Tl 412X
Y18 C17H20011, M9 5 M26 HiZE, FEHHA BTN
m/z 223 [M—H—CeHgO¢]"» 208 [M—H—CeHgOs—
CHs] "~ 193 [M—H—CeHsOg—2CHs] + 164 [M—H—
CsHgOs — CHz — CO,]~ 1 149 [M —H — CeHgOs —
2CH3;—CO;]", HIT M21 I, HprH &7 H80s
b, SRR 2 R B R RRIERE B TR, R EH MO,
M21 Fll M26 4 & BEIERR AL =4, H B It 2k rh
T T IE 2 T miz 223, FHIHTTHEN SA I
1 BEIE R AL =) B A . SCHRBIF LR B, ARk 4h
R PERE R AL SN AT E HCA B ¥R FE AR I 3
AN UGTs # R i Az 124 36 i 7 46 B IS TR

RSN E SA, SR EIR, AR 2 A&
P R AL = DA B I 1) . MIS2 &3 5 MO Al M21 AR A
4 (F5-C. D), HUEZRSHTHIEBAN SA
U= b 45 . — 21, Kk, M9 Fl M21 %5
N A% G BERE IR L -1 R AN O~ 4 WH I IR k- I 1
. X M26, SCHRBFFL R TMCA fEARN 2K
A AL RIS AR Al SA AT 3-F8 3 -4,5- = AL A
FERR, DR A M26 Dy 3-78] & BEIE R 2L -4,5- — H 4
FERAERE, (H TR RS BR, Joion AT R
ik, B Z MG BB E . M43, M46 A
M47 [FIFEEA REN, S FEFiE [M—H]
¥ miz413.11, #AHENA TMCA 1% & FE S R 10
P, AN M46 5 & 45 FULHD, d ik {5 i a] i
7B M47 4 cis-TMCA FIZ5 5771, {H M43 251
TeifE . VA RIS, FIEEE BT SERERE H H A
IKIRJG, TEARPRA IR, SR BRI 55 2 b
T AHAN T ABACHR SR AH B A A A B 25

BEAh,  SERERG 2L G S5 R RRE DL S AR R
P, ZRA TR N R ARSI, AR EIA L
PR B CER 4 LUR A BB NI, 3543 7] R AE I8 5 B
JEHENIL, SR, 3EEXF FBMN S04, KL
WS ANIRE D . Bk, UUSEWERESE i s A AL
Moy 716 [M—H] R &R, 155 T4
HATR R, LR 14 NMFEEANEE, Hh 9 MR
WYY R SRR DA KB P I B S T
Hrb 10 MEEAIR (M7, M32, M33. M34,
M38. M39. M50, M55, M56. M59). HI TR
s R, SEMEA ST HR, HZ2H48
BRI & AR, FEOL MS? B R E R =,
MTITE FBMN ik T %2k
4 g

b 0] B LA WTR N, SERERE ) R
IR LRIP IR T SZ B2 00, BT RA ST
MRS FAA AR P24, 55T ) B L 24 38R o g
— IR B EER L. wiE RIS 8T T
BAM KIS (UFEEERS. Ee . 2 1)
A A AR, I S X R LT TMCA. 3,4,5-=
HH S AR IR R 0 AR SR ARG 4-73 0835 —
H RS RN IR AR, (EIX LRI 7T B [RIB Sk
VT VAR S B L R AR i, B ED,
TRERf U1 8 SERE RS 1 o AR R 260, 0T B
J5) DISS HIWFFLBENIRN, HHFFAE AD BN
BB RFAR KR, M. PRIBURNZE(E A %
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E T ELFE IR LR I 20 FRARIEY, WREE T DISS
1 AARE =9 KoK R e A LR AN ARl R, (H
HARXFGE BT HE— B IRAEIT, B AR A 7
fiE T AR 7L, TR S B, SRA R
5E AL R ARiC 45 & UHPLC-TQ MS #E & i 1
TMCA. X3 FHERFIR IR, 4 v] BeA7 1
T TENERS A TR =PI & TMCA (¥ F 4 0
PV, RIRRERZ BGAES) . FH AT L, IR T B
7k PROEs TEAR N 2 A 7K A= AH S 1) A WLER S L
T4, (BRI S5 M e A e 4y, A SET
LARACH =4, % AR =M = R G .

HHLER I HE PROEs S50y WA 2 3k Ay A
BRI RSy, HARPNACH R Oz 3foE . %28k
I3 R R SORGE, 78R YA R BLAR I i
L2, AKERERTIE . Bl B RErh R A
T2 T ARARE, DAREER (b A 2 BE RS BR AL 25 B N
F B ARAELE T MBIEH , BRI =4 =i
W2 TR A HERE R AL = 321 i B T R S O
HEHETY ROPEBET , JLAEAR P BRI [ 2K,
FLJ RITE T W I8 1 30 AT 75 44 N 48 0 1 B 2% 12 BE 7K
WL, M REKAT R oy e B[R] 221, e Ak,
CUARFFERIA 11 A4S SRR B TETE M (1) SR TS R
fEEEF=Y), W E SIS b 2 N IR PE B4
R TR T B R TR A, P 2B Dl B T e A 5 243
TER, AT T ARSS B4 B B AE e 224,
DRI, T1 FHSS S AR AT e A2 R N I SRR TR T 5K,
[UE[E 2N ORI =3y

AHFFR A UPLC-QTOF-MS/MS H AR HAiFiz
SRR R 7E K SRR A AR =4, @R T
MS-DIAL ] FBMN A RALACER =40 2% €3, &
G T 21 NMENERBERR L= 17 N H PR
HPERE ALY LA K 14 NMIFEANER, BT
PROEs &M AN MR FZA/KEIEAPLERR 1 AH
SEET . X —RIANTE T LAERE AR T ARSS &4
RBEENTH, KT ZEPERE R & AR
PLIK Ml A2 R By BR Ak B ik, it—B R4
T2 TR RN TR AR S e A, LT T e R 2 R
FRAEE G Rk EBEARE I, R B R A
R HRUBL, BRI, AHIE T B s SERE TG T REAE AT A4
S R AR ) J 1k, Ui S RN B R TR R K,
T R TR 45 & 4 ] e BB 4 rp e 5 5 AR R
BEERTR, NI ZE KA 043 (AR FH B 18] 2 PROES
2930 TR RN B ISR AL TR R AL A . T

FAACUH R e 1 e DX Bt — 2D 5 T

AR AT TR IR AL ™ (21 4> W

Z T AR RRIL =) (17 A, X ATRE SRR

Y IIGEFIRHIER D%, Ttk SULT BRI IRy,

117 UGT iy SE A1) TR0k ml s ek (RO e A6 07181, e

T BRI S5 W AFAE 2 By AL DL AL, SULT

A UGT AREREENFEER, B R

HEZARLE A (ST TR 4-R0AN 9-RLRk IR AL ™

Yo XK G AR SR L e e B

AR B A7 AEZE 57, R A E K ] GNPS 78

LA PEILRC %, IR A S AT HE

WgEit e, F0 X — R, A S EE

HURR XS JR 2 EAT A 225 B O e f b« A St )

DA B AR SPGB 55 S 8L, 0 4 BRI 3t AT 56

e, HREs SRR, BEAh, AT

JITHI PROEs 28 K AL i B 7 SR Bt R AT: (i 4lifk,

5% B A BAR AR LI LR S 1 o3, AR AR 737~ K A

Fo MS? B, g% 1 /LG R e ISR

WAEARETF=Y) (M30. M31. M35, M43, M49,

M57 FIM58), (HAXS R AmER, DL ARSI & 52

PR TR IRR AN S RS, ARHIT T B 73 /) 70 e 4

AW [V e e ol SES 1l el B b O R =1 74 1

JURE RS RS B 5 77 Uik — AN SR RIE
MBEFR AR FAREEA G R

SE R
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