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Metabolism of Active Fractions of Inula Cappa in Rat Bile
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Abstract: To establish an ultra-performance liquid chromatography/quadrupole time-of-flight mass ( UHPLC/Q-TOF
MS/MS) method for analyzing the metabolites of main component in Inula cappa extract in rat bile after oral administra-
tion. Cannulas were surgically inserted into'the bile duct of SD rats and bile was collected for 12 h after oral administra-
tion of active fractions of 1. cappa-at a dose of 100 g/kg of the material. After n-butyl alcohol precipitation treatment , the
chemicals and their metabolités'in rat bile wereidentified using UHPLC/Q-TOF MS/MS with selected reaction monito-
ring mode. The results revealed that twenty-seven metabolites were determined in bile, main metabolites are hydrogena-

tion , methylation and glucuronidation of caffeoylquinic acid. It indicated that the chemicals can occur biotransformation in

bile, the metabolic pathways mainly are methylation and demethylation glucuronidation.

Key words :Inula cappayactive fraction; UHPLC/Q-TOF MS/MS ; metabolites ; caffeoylquinic acid

F-HA N AR FHA Inula cappa DC. BIHR
s A, o il DR BG , B ORI R A X Y
B, ISR 258, e Ch AR AR /) L (BN
A2y RRZY B bR ) A W, BT X
B, KGRI , H 2R ARk,
PN AR SCHRAR T8 1Y A HE 2 2 4 T2 200000 A B 28 A
W A WU SR R RS Bk
BFEHAG LA 5 BT R HUE Y DU RE TS

s H 1 :2017-04-10 U H 3 20170705
FETH  E K [ AR5 4 (81360680 ) 5 Bt M 44 {5 5 H (2015-
11) s SEMARHE G VETTI (2015-7362) 5 ST 44 R 24
IR H (QZZY-2015-078)
# WMIEVEH E-mail ; gzp4012607@ 126. com

BT HA AR SCHR RS 2R A 2 b AT T
5 L 2 B FUAH G 300 1 S A A A8 R
XFF A H AL PR A R A i . A S
160 2 SR P M S B0 AR N A1 S B A % - H- 44
RO R HOT AT IR , 45 R R, - H A 2
P22 60% £ B A P L, ik D101 R AL e Bf
60% L TG E IS BT 4R R R A BCR B A
WOy AW, DR 6 1t T 20 15 P 2 A 2
BO730e BORITFE LA B3 6 PR AR AL A0 4, 1R
% YA SD K EUR , RAEL 25105 BT, bR UH-
PLC/Q-TOF MS/MS 734, &5 & AHICH A, 73 Hr B
HFAAE Y 3 B A 16 R AR A 3 2o AR ™ 1, o



Vol. 29

UFMESE - - HAG 1R ML AL S I 1 K BB e AC =  ROAF S 1701

ArIAE AR Rl BE A A QI AL kA, O E B4 2y
M — LT KPS

1 {ESHH

1.1 {4=%

7t e S 280U €535 - DU T - R AT I ) AR BB J5
A ( Agilent Technologies 1290 Infinity WAHHOTER S,
A G 5 T8 R Y AR AT- R AT I TR) BT 3 ) 5 Allegra
64R I 15 = & & 0> Hl ( Beckman Coulter ) ; MTN-
2800D ZAMAL ( KH: AR ZE B UAS A PR AW ) o
1.2 ##

AR FH, xR X MRS (it 5 111720-
201408 ,110753-201415) 0 F o 1 & 5 245 5L 46 E
BT, Brak IR | B2 SR L 1, 3-O- Zu s 1 ik 4=
TR 3 ,4-0- ZIMMEREHEZE TR |3, 5-0- Wil 1k
2 TR 4, 5--O- MNP B 45 7 TR R RE (L5
X20-20141012, Y58-20141012, 1384-101215, 1384-
101215 ,S34-110121 ,1384-101215 ) 314 T v 25 [# {4
R i HOR E K TR G, E A2 A
S e BB th S BERL AR 2 24 B AR 2 2 b =
T PRERI 20452 %5 5 N 55 FHEY) - H- 3 Inula_cappa
(Buch. -Ham. ex D. Don) DC. ) 4421
1.3 SRz

ft e SD B, 0 A 3 1T , 142 5 R, (250 £20) g,
H IR B 2 A W) H R A PR w4 A [ A% ik
SCXK (#i)2015-0001 ],

2 IWHEIE

2.1 FEFESEERS RS &

WCE H 45 246 02 kg, FE 40 1R 20, B 10 5 &
60% LB, FE 3 U, BRI 1 h, 59 3 UCIE, I
e, [T 2 1 120 L WA IR, b oA TR A
DIOT SR AL iR B (A i LE 1 4) Ik e i 22 37
WTE B s 60% 1 U i, Wi B Uk B R, %
TR, S TR RE RN 7% ,4 C
SAETIRIRAE, #5 B 30RO L™ I 4 Sk
LA 1 AT R UPLC-MS/MS Xif T $2 L
HAg IR AT & g b o 2200, - H 4G 12
IO AR R EEAT (1, 3- e e AL 28 TR (3, 4- 0
MEREE 2 T |3, 5- R e 22 T R (4,5 - uhn
PERELS TR BT ak U | 2 IR TR | B 2k IR 1) 5
WHO0.74% .2. 01% . 3. 82% . 3. 56% . 3. 87% .
2.17% 0.99% 3.36%

2.2 ®IEEH

{0345 ; Agilent Eclipse Plus C,; RRHD(2.1 mm
x 100 mm,1.8 pm) ;#£iF:40 C;FshtH.0. 1% H
MRNE(A)0. 1% FERIK (B) s EHARFR 5 pl,
BEEVERL 454:0 ~1 min,5% ~10% (A);1 ~13
min, 10% ~ 28% (A);13 ~ 16 min,28% ~ 100%
(A),16 ~17 min, 100% (A),17 ~18 miny/100% ~
5% (A),
2.3 RiLEH

HL I 55 25 U5 5 $ 48 O Ok TS 494 (ESI-,
m/z 50-1000) ; B4 HL IR ESI-(3.5 kV) JESI + (4
kV) ;%¥7ﬁﬁg:200 oc;g’ﬂﬁ/_:h(l\b) Ejj 1.2
bar; SR EE :2000°C 5 URRFRR 2 :6 L/ min; ifE
1 Jo £ 00 SR P YRR A A B MV 5 A TE AR X H]
Enhanced Quadratics %% #% 73 #f7 : Data Analysis 3% {4,
Metabolite Tools® . JFife 5453 1k (MDF) 25
2.4 HmaiE

BORARAR TS mL, il 2 mL 1E T, iR R 3 min,
#Ri 5 min, 15000 rpm 2.0 10 min, F¥EW T 37 C
TN, AR T mL QE TR 2 WRUUKE, Jee ik
A 200 WL 50% H Fs 7K 5 i, 15000 rpm #5010
min, B _FIEW 2 pL, 3 UHPLC/Q-TOF MS/MS /3477,
2.5 FEFHEEMARIY A KRR HEM L0

fahRE SD KB, 704, 45251145 12 h, H K
Ko FARFINENETESS 30% SR (1. 4 g/kg) BRI,
[ TE R T AR G ,37 COUR, #16. BT
JE (293 em) B IR B T L+ 48 M A 70 AE
W, P, 25 4 0 IRG T 281K, A 2541 L)
100 g/kg( A 25t ) 157 S B £ H 2 S U 28 18K
W W 5 2 )5 12 h YR ARG, #2672, 4 TR
SR B, HERE ST

3 KBER

3.1 PE# S UHPLC/Q-TOF MS/MS 43 #f

iz Ff] Metabolite X415 2] 25 1 IH 71 BT RE
N E 2SS EE WL E 1, £ 850 7E ESIR R T 15
FE S N AT o MR e A 2 27 AR,
GEIR LR 1, Z5G FH G 2L AR U TSR, XA i
YT RER ZEA A TR D S S SRR

M1 A% 5B WHE] 3.2 min, fE74F m/z 371. 0958 [ M-
H] e+ 8 10, ik £k — o+ H,0, 77 4&
m/z 353.0001 By &, PIL e M1 A] g2
WA ESE 2 T RR K A0

M2 M4 F1 M7 M8 {588t a9k 3.7,4.7,



1702

KIRF=YIBE R 5T K

Vol. 29

6.8 min Ml 7.2 min, f£7F m/z 399. 0684 [ M +
CO0 7", m/z 399. 0663 [ M + COO ], m/z 399. 0619
[M+COO0] ,m/z399.0658 [ M + COO | /55
W, ok B —43F CO, 724z m/z 355. 0868 ,m/z

355.0973 ,m/z 355.0865 Fll m/z 355. 0889 Wy F &5
+, Hoor U s e e 4 TR 1 4y X £ 2
H,M4 ZY# J5Rer= 4 m/z 173. 0355 [ A BT, H
[yl e ey SR = H b [ NS TS e I
w&iﬂu,ﬁ\ﬁ“bﬁF%é%)ﬁ@ﬁmﬁﬂ?ﬂﬁfﬁ% M2,

M8 ZLfit 5 7= m/z 193. 0571 Fl m/z 193. 0577 i)
R, Y2 TR E o U2 2H XMERI E 4
TRRBUCILNL B, 4543 % Scmk ™ el M2 M4
F M7 M8 R G4y Ay Fp i e BB 5 2 77 1R 114 XS I8
)

M3 PR B IR A 3. 8 min, 77 A B HfE o3 2 I
Sk m/z 367.0641 [ M-H]", % 176 Da, 04 %%
PRI AL N, P2 A m/z191. 0353 [fE A, B3R
ST 20 S5 A S S0m O R M3 g BB R
JIt 2H J5 0 s A I R AL S5 5 7 ) o

MO : {3 R BRI A 8. 1 min, 7 A B #fE 73— 55 - U4
h m/z 461.0725 [ M-H ", 545 B v K Jg B 2-7-
O-B-D-HF BERERR 17 B AR A3 Ok BA B (] A1 43X
—&(, %K 176 Da J5 774 m/z 285. 0564 HHE 55
¥, SRR R -7-0-B-D-H) 4 WEE R H iF R85+ —
B, HOHEN I TT 58 A [ Y B 43 R R 2R -7-0-B-D-H

M13 AR B E] 24 9.5 min, 7= A m/z.719. 1821
[ M-H | s 15 10, 20 84 f5 |, ik 2k 176
Da, =45 m/z 543. 1506 (18 Fry Ui FHZ AL & 90 o0 4
BT LS A, B m/2 543, 15060 L0 — 0 M ik 3 45
TWRZ C,H,, 4%k 0 CHY 153 m/z 515. 1201 ¥
PR BEBATELE B4 CHy 4555 % Semkt ik
A% M3 Shy B EEAR i P 356 2 7 I 19 4 2

FREEBT7 W)

M10=M12 F1-M14-M27 . {5 &4 i 8] 43 51 4 8. 6,
9.0,9:3,9.7,9:9,10.1,10.3,10.7,10.9,11. 0,
11.2,41.3,1175,11.7,11.8,11.9,12.2 min, 7=/

M5 F1 M6 & B4 B[] 435 R 5.4,5. 5 min, 53] BIVE A T B F ik m/z 705.1675 [M-H ], m/z
FEAE m/z 3711347 [ M-H ] Fl m/z 371. 1341 [M-H ]~ 7705, 1675 [ M-H ", m/z 705.1665 [ M-H ", m/z
FOHE S 78 T U, [ B 7 25 m/z 193. 044 1 m/z 705, 1647 [ M-H ]°, m/z 705.1652 [ M-H ", m/z
193. 044 [URE -, 35 LEMINMERR 51 8 7 2 CHo 0 B 6 705, 1656 [ M-H ], m/z 705.1651 [ M-H 1", m/z
SO R M5, M6 355 SMNERE A 705 1647 [ MoH ], m/z 705. 1671 [ M-H -, m/z

TR S5 1 AL =4 705. 1648 [ M-H ] .m/2705. 1677[ M-H] .m/z
x10° {7 14 x10' 1 s

25 81

20/ | ol

gl i

1of | | 10

o i

RN L

0 12 14 16 min 0

x10?
1.5

min

12 14 16

E 1
Total ion chromatograms of I. cappa extract metabolites in bile sample in negative ion mode
TE: (A) Z P s (B) IR (C) SIS s (D) 255 & 250t 22 R &1
Note: (A) blank bile; (B) bile sample; (C) chromatogram of I. cappa extract (D) different chromatograms of A and B

Fig. 1

FEFEMEEIFEXRAET a4 ESI-)

BREFRE



Vol. 29 TUFFME A - 2341 MR AL B IO 78 K U T AR = 9 5T 1703
®1 FEHBRUHMERTHHEZRHE~MEE
Table 1 Identification of metabolites of bile of 1. Cappa extract
55 wennry WER st B Enor AR e
No. RT( min) (m /Zi Mode (ppm) Formula Identification/ reaction
M1010] 3.2 371.0958 [M-H]- 4.9 CisHigO1o Hydration
M2[10] 3.7 399.0684 [M+CO0]- 2.4 CiyH 0y Hydrogenation
IKES 3.8 367.0671 [M-H]- 0.7 CisHis Ono Dehydrogglya(iir(iyj—agiilc:ronidatiun
M4[10] 4.7 399. 0663 [M+CO0]- 0.7 Ci7H00y, Hydrogenation
M5L10] 5.4 371.1347 [M-H]- 0.2 Ci7Hy3 09 Hydrogenation + Methylation
M6 10 5.5 371.1341 [M-H]- 1.7 Ci7Hy; 04 Hydrogenation + Methylation
M7L10] 6.8 399.0658 [M+C00]- 4.4 Ci7H 0y Hydrogenation
Mg 1ol 7.2 399.0619 [M+CO0]- 0.6 Ci7H;50y Hydrogenation
M9 8.1 461.0725 [M-H]- 2.7 Cy Hi701, 77 Parent Drug (Luteolin-7-glucuronide)
M1ol1t] 8.6 705. 1675 [M-H]- 0.5 CyH3 O Methylation + Glucuronidation
Mi11l1] 9.0 705. 1675 [M-H]- 0.5 C3H330 Methylation + Glucuronidation
M2 9.3 705. 1665 [M-H]- Lol C3Hy305 Methylation + Glucuronidation
M13 0] 9.5 719.1821 [M-H]- 0.4 C33Hzs 05 Glucuronidation + Dimethylation
Mi4!1] 9.7 705. 1647 [M-H]- 3.6 CyH33 055 Methylation + Glucuronidation
M5! 9.9 705. 1652 [M-H]- 2.9 C3Hy30p5 Methylation + Glucuronidation
Mi6[1] 10.1 705.1656 [M-HT- 2.3 C3Hy3 O Methylation + Glucuronidation
M1701] 10.3 705. 1651 [M-H]- 3.0 C3Hy304 Methylation + Glucuronidation
MigL!] 10.7 705. 1647 [M-H]- 3.6 C3Hy305 Methylation + Glucuronidation
M19L1] 10.9 705.1671 [M-H]- 0.2 C3Hy3 O Methylation + Glucuronidation
M20!11] 11.0 705. 1648 [ M-H]= 3.4 CypH3 0 Methylation + Glucuronidation
M2 11.2 705.1677 [M-H]- 0.7 Cy,Hy3 0 Methylation + Glucuronidation
M22L[11] 11.3 705.1663 [M-H]- 1.3 C3Hy3 05 Methylation + Glucuronidation
M23 (1] 11.5 705. 1652 [M-H]- 2.9 C3Hy O Methylation + Glucuronidation
M24 1] 107 705. 1678 [M-H]- 0.8 C3Hy305 Methylation + Glucuronidation
M25L 1] 118 705. 1695 [M-H]- 3.3 C3Hy308 Methylation + Glucuronidation
M26 1] 11.9 705. 1696 [M-H]- 3.4 C3Hy3 08 Methylation + Glucuronidation
M27 ] 12.2 705. 1648 [M-H]- 3.4 C3Hy305 Methylation + Glucuronidation
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Fig.2  Chemical structure of chlorogenic acid and isochloro-
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