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Identification of the metabolites of Sinisan extract in rat plasma,
urine, feces and bile after intragastric administration
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Abstract: Sinisan is a widely used traditional Chinese medicine (TCM) in treating various diseases;

however, the in vivo metabolic profile of its multiple components remains unknown. In this paper, ultra-high

performance liquid chromatography-quadrupole time-of-flight mass spectrometry (UPLC-Q-TOF/MS) was

applied to identify the metabolites of Sinisan extract in rat plasma, urine, feces and bile after intragastric

administration. Using MS" and mass defect filter techniques, 41 metabolites of 10 parent compounds (naringin,

naringenin, hesperidin, neohesperidin, liquiritin, liquiritigenin, glycyrrhizic acid, glycyrrhetinic acid, saikosaponin

a and saikosaponin d) were detected and tentatively identified.

It was shown by our results that these

compounds was metabolized to the forms of hydroxylation, glucuronidation, sulfation, glucuronidation with

sulfation and glucuronidation with hydroxylation in vivo.
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Figure 1  Structures of reference substances
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Figure 2 Total ion chromatograms in the negative mode of the samples. A: Blank plasma sample; B: Drug spiked plasma sample;
C: Blank urine sample; D: Drug spiked urine sample; E: Blank fecal sample; F: Drug spiked fecal sample; G Blank bile sample; H: Drug

spiked bile sample
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Table 1 Metabolites of naringin and naringenin by Metabolynx
software

R/

No. X Mass Metabolite MS/MS Source
min

Al 412 580.1792 Al:parent 579[M-H], 459,271, Urine,

151 feces,
bile

A2 588 272.0685 A2:parent 271[M-H], 177,151, Urine,
119 feces

A3 341 660.1360 A1+SO; 659[M—-H] , Feces

579[M-S0;]", 459,
351,271, 151, 199

A4 482 352.0253 A2+SO; 351[M-HJ, Urine,
271[M-S0s], 151, feces,
199, 119 bile

A5  3.62 288.0634 A2+0O 287[M-H], Urine,
271[M-0], 177, 151,  feces
119

A6 336 676.1309 A1+O+SO; 675[M-HJ, Plasma,
595[M-S0s] , urine,
579[M—-0—S05s], 459, feces,
271 bile

A7 478 368.0202 A2+0O+SO; 367[M-H], Feces,
351[M-07, bile
287[M—-S0s],
271[M-0-S0;s]-, 230,
177,119

A8 249 756.2113 A1+C¢HgOs 755[M-HJ, Bile

579[M—CeHsOq], 459,
295,271, 151, 119

A9 420 448.1006 A2+C¢HgOs 447[M-HJ, 327, Plasma,
271[M—-C¢HgOq]", 151, urine,

119 bile
A0 3.19 7722062 Al+CeHsOs 771[M-HJ, Urine
+0 755[M-0],

595[M~CgHsO6]
579[M—0-C4HzO4],

459,271, 151
All 335 464.0955 A2+CeHsO 463[M-HJ, Urine,
+0 447[M-07, 327, bile

287[M~CsHsO] ",
271[M~-0-CsHsO6]

177, 151, 119
Al2 342 5280574 A2+CeHsOs 527[M-HJ, Plasma,
+S0; 447[M-SO5T, urine,
351[M—CeHsO4] ", bile
271[M-S03—CsHsO6],
177, 151, 119
Al3 595 2740841 A2+2H 273[M-H]", Feces

271[M—2H], 151, 119

Hili 52 F71¥1 5-OH 5 4'-OH B Al 2 % (1) 5-OH, 7-OH,
4'-OH %) 5 R BR SRR IR 45 75, 4 MS” 43 HT, A3 47
15 m/z 199 WEF U, ikl B2 17-4'-O-Bi BRI RDA 24/
B WL R, WD A3 Ol dh B -4- OB FR K
A4 JNEAT miz 199 B Fr U6, DN A4 kil %-4'-0-
TRIRES; A8 HAFAE m/z 295 [IRE &, A 2 15 -4'-O-
HIPEREIRIE RDA 2R B IR~ 2L 1R A, WDl A8
K R -4-O- i BERE IR R, A9 74T m/z 327 R
U, 2 R R 25 -7-O- A W I 1 5 A R 25 -5-O- T b
PR TE RDA 24 A AP~ AR (R e, MR RER 2 A9
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Z41 2 T 0 T JE I A A W O A
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Table 2
Metabolynx software

Metabolites of hesperidin and neohesperidin by

No. tR. Mass Metabolite MS/MS Source
/min
Bl 432 610.1898 Bl:parent 609[M—-H],301, Plasma,
285 urine, feces,
bile
B2 436 610.1898 B2:parent 609[M—H],301, Plasma,
285 urine, feces,
bile
B3 341 7862219 BI1+C¢HgOs 785[M-H], Plasma,

609[M—C¢HsOg], urine, bile
301, 285
B4 345 7862219 B2+C¢HgOs 785[M-H], Plasma,
609[M—C¢HsO4], urine, bile
301, 285
689[M—H], Bile
609[M—S0s],
301,229
689[M—H], Bile
609[M—S0s],
301,229

B5 3.48 690.146 6 B1+SOs

B6 3.52 690.146 6 B2+SOs

P B 7 W8 B 2 5 gle(6—1) rha ESE R, Bits
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Table 3  Metabolites of liquiritin and liquiritigenin by
Metabolynx software

R/
min
Cl 3.61 418.4003 Cl:parent 417[M—H], 255,135, Not
119 found
C2 422 256.0736 C2:parent 255[M-H], 135,119 Plasma,
urine,

No. Mass Metabolite MS/MS Source

bile
C3 3.01 498.0832 CI1+S0Os 497[M-H], Bile
417[M—=S0s], 255,
135,119
C4 326 336.0304 C2+SOs 335[M-H]J, Plasma,
255[M—-S0s] , 215, urine,
135,119 bile
C5 243 594.1585 CIl+CeHgOs 593[M-H], Plasma,
417[M—C¢HOq] , 255, urine,
135 feces,
bile
C6 3.78 432.1056 C2+C¢HgO¢ 431[M-H], Plasma,
255[M—C¢HsOq] , 295, urine,
135,119 bile
C7 296 512.0625 C2+SO;+  511[M-H]J, Urine,

CsHs04 335[M—CgHgOq] , 295, bile
255[M~S05~CsHsOs] ",
215, 135, 119

HEAF (1 7-OH 5 55 6 B s 0 R 1R 45 &, HE
C3 N H H A -7-0-6i R IiG, CS5 g H 51 -7-O- i P 1R
Biso H 5 2% 7-OH FI 4'-OH % 55 i B2 5T b R 45 7,
25 MS? 53 #fT, C4 1745 miz 215 TR %, i H 5 %-7-0-
BRI RDA 24 A AP AwEFr, Sl c4 i
BH-T-O-BIRER; C6 174 m/z 295 WEF U, hH H %
-4'-O-THFERE PR NG RDA 2% B JR 7= A (R F, el
C6 N H HL R -4-O-Hi WML IG; C7 474E m/z 215, 295
WU, i H 2R -7-0-fi IR -4"-O-F i BA TR iE RDA
A AL B IR, WEEN C7 1 -7-0-
T R -4"- O- 16 W W5 TR 1

H R R R A R R AL B AL BRTR
A ARTRE RE R AL SN o 25 K i AR = AN [), 4000 it
AL IDNE S SN B ) T N SR S R T
P A s RV A B A B T R I R e B
IR TR A S0 DUH R R R I o 325 YT
Hh DL A 2 T R S R A R PR IR A
24 HEBREHEXBHORH~Y KEMANILE
JE 5 H R BT BB R AR =) 8 S,
R &7 W& 4.

Table 4 Metabolites of glycyrrhizic acid and glycyrrhetinic
acid by Metabolynx software

No. tRA/ Mass Metabolite MS/MS Source
min
D1 695 8224038 DI:parent 821[M—-H], Plasma,
645[M—-GIuA], urine,
469[M—2xGluA] , feces,
425[M—-2xGluA—CO,] bile
D2 12.68 4703396 D2:parent 469[M—-H], Plasma,
425[M—CO,] urine,
feces
D3 8.58 646.3717 D2+C¢Hs 645[M—H], Plasma,
O 469[M-GluA], 425 urine,
feces, bile
D4 7.02 662.3666 D2+O+ 661[M-H], Feces,
CeHsOp 485[M—GluA], 469 bile
D5 7.63 8244194 DI+2H 823[M-H], Urine,
821[M—2H] , feces
469[M—2H-GIuAT ,
425
D6 6.57 8404144 DI+H,0 839[M-HJ, Feces
821[M—H,0] , 469
D7 6.62 8383987 DI+O 837[M-H], Urine
821[M-0], 469
D8 891 4864194 D2+O 485[M-HJ, Feces

469[M—-07, 425

H R PR RR IR (D3) (10 0 T R AL ml
AR EUORE b, R & RIR R R
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S SE WA IR E I, R R R R L A A AR
W I A7 B 0T T LC-NMR BIF U A2 -
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WA PR S IR IS (D4). HERRIG Y (D5).
HHEBRAKEY (D6). HHEBRY (D7), HH R
AW (D).

25 YHAEH a. LPEH d HREFEYEE K
AR P LS e S e AT ay SRR d AHORIAR
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SERA R ay SEHTEAT d 2 AR, e
JEEAT AR TR, AHEREAT AN, H 0T R T eI
Fer g, SeH R AT a M MERRSESH S d K. e
A TR R AR U SN IR, AR 7 4 (R A IS — i
ANAR, TR A ORI U 1 IR AR P . DR
FrREZ AW, Se i R (ES. E6) AILEH
SRR RS (E7. ES) EBIINE R BN E

AR )5 SE A ay SERA R d R AL AR R
MRAFRAC N, & FF i P A=A ), HED i
o DL R RS  2 oeoN 32, PR R AR ) R
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Table 5 Metabolites of saikosaponin a and saikosaponin d by
Metabolynx software

No. r;Rl; Mass Metabolite MS/MS Source

El 7.69 780.4660 El: parent 779[M—-H] , Urine,
617[M—glc], feces
471[M-rha]”

E2 877 780.466 0 E2: parent 779[M-H] , Urine,
617[M—glc], feces
471[M—rha]”

E3 8.07 6184132 EI-C¢H0Os 617[M—H], 471 Urine,
feces,
bile

E4 9.61 6184132 E2-C¢H,;00s 617[M—H], 471 Urine,
feces,
bile

E5 7.67 7964609 E1+O 795[M-H] ", Feces
779]M—0],
617[M—0O—glc] , 471

E6 7.69 7964609 E2+O 795[M-H], Feces
779[IM-07,
617[M—O—glc] , 471

E7 737 9564981 El1+C¢HgOs  955[M-H], Feces
779[M—gluA],
617[M—gluA—glc],

471
E8 739 9564981 E2+C¢HgOs  955[M-HJ, Feces

779[M—gluA] ,
617[M—gluA—glc] ,
471

B B AR SARU P, FE 00 v LLSE i 2 1 8 0 S 2
TR R IR IGO0 2, IRy R DARTSE AR e h . K
FRLVE 15 S B a SR BIRTSE SR RS et ot
VU 3 b ARSI AR [ (R AR o B4, AR SOH RN
R ES. E6. E7 F1 ES.
26 MAEMRBEY IR AT T R,
AT B AR 7 o AT 24 T2 B LLFUE B A
M3 PR BB e B ARG WU S i 0 e AR )
VU 35 F5c e i 24 % K8 2R 43 R K BRUAA P AT
(AR 20 10 AHARE =W fh T 3 R By 2
(B VILEAR P 2 55 R T IR &5 6 TV 13 T 0 e 1R 17,
IAHAR I =K s e s n, 5 F-HE AR Ah, Sy i i
7 R B T BR LA iz A AR AR ST A
B AR 2 b A I R 5% AR T, v Ry
¥ 308 B B AS — S T A KA R G, H I
Wi 1 5 HE oL AF LA, H BT B AR AR N
(10 W T R T L e R A Py 1 L
HACZ, DASORE S HF AR SN B 5D 1 R B A
T B SO 2 (1) I 7 D) ot 5 1o LR AR A
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