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[Abstract] Objective: To investigate the differences in metabolic kinetics between monomeric magnoflorine and
magnoflorine in Coptidis Rhizoma water extract. Methods: The linkage rat model of "intestinal penetrating fluid-liver
microsome incubation" in vitro was adopted to study the metabolic kinetic characteristics of magnoflorine in vitro liver

microsome and to identify the metabolites by high performance liquid chromatography-linear ion trap/electrostatic field
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orbitrap high resolution mass spectrometry (HPLC-LTQ/Orbitrap MS). The metabolic pathways of magnoflorine were
analyzed, and the interaction between magnoflorine and coexisting components in Coptidis Rhizoma was investigated.
Results: The Michaelis constant [K, (0.53+0.16) wmol-L '] of magnoflorine in Coptidis Rhizoma water extract was lower
than that [(0.85+0.12) pmol-L '] of magnoflorine monomer (P<0.05), which indicated that the affinity of magnoflorine in
Coptidis Rhizoma water extract in the rat liver microsome was higher than that of magnoflorine monomer. The maximum
reaction velocity (¥, ), hepatic intrinsic clearance (CL,,), and hepatic clearance (CL) of magnoflorine in Coptidis Rhizoma
water extract were lower than those of magnoflorine monomer (P<0.05), and the half-time (7,,) of magnoflorine in Coptidis
Rhizoma water extract (44.22 min) was higher than that (37.35 min) of magnoflorine monomer (P<0.01), suggesting that the
metabolism and elimination rates of magnoflorine in Coptidis Rhizoma water extract in the rat liver microsome were slower,
and the half-life period was longer. The results indicated that monomeric magnoflorine and magnoflorine in Coptidis
Rhizoma water extract had different metabolites. Five metabolites were found in monomeric magnoflorine, while eight
metabolites were found in magnoflorine in Coptidis Rhizoma water extract. The pathways to these metabolites were
hydroxylation, demethylation, dehydrogenation, ketonization, glucosylation, and glucuronidation. Mono-hydroxylation and
mono-demethylation metabolites of magnoflorine in Coptidis Rhizoma water extract in the intestinal penetrating fluid could
be further metabolized in the rat liver microsome. Conclusion: Magnoflorine can metabolize in both intestinal tract and liver
microsomes. Coexisting components in Coptidis Rhizoma reduce the metabolic rate of magnoflorine in the rat liver
microsome and increase the number of its metabolites.

[Keywords]  magnoflorine; Coptidis Rhizoma; HPLC-LTQ/Orbitrap MS; enterohepatic metabolism; metabolic

kinetics; metabolites; interaction
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K K BRI 8 W OR 22 AR =, R
K 2% A B A B 2 AT SOk R T AR L, AR
.74.

KEI8 H, Metk, AFH (200+20) g, W Tdbnti
DA EARARAF], L83 P4 7= VS
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TSQ Quantum ¥ BT FHAY [Fl A KAUEfFE
T (APCI) . HAMi% B F i (ESI) A Xcalibur £
P85 2 5t]. LTQ-Orbitrap 7Y i, M5 25 W AH i e FHAY [0
FEHEEZE B R (ESI) . Xcalibur 04 4b ¥ 2245 14
I F 3% [&] Thermo Scientific /A 7] ; VORTEX GENIVS
3 ISR A (FEE IKA A7) ; MTN-2800D 24
AR R RIS A PR A A .

2 Fik

2.1 W RERE

2.1.1 Krebs-Ringer's }7 & = W 53 3 FK B NaCl
7.80 g. KC10.35g, CaCl,0.37 g. NaH,PO, 0.32 g.
NaHCO, 1.37 g. #i%j#% 1.40 g, MgClL,0.02 g, il
ZEAB KV i 9T E 25 T 1000 mL, 549 59875 pH 2
7.4, BNFY,

2.1.2 0.15mol-L ' KCIZZvhik K% FRHUKCI,
Tris. & MU Z R (ETDA) . pmEBEIE &, Halik
EREBRZAREAO. 15mol-L 'KCl. 10 mmol-L ' Tris.
1 mmol-L 'ETDA. 0.25 mmol-L "BEWHAT, 7t/
R HHCHA S pHZ 7. 4, RIfE,

2.1.3 AJEMHEEE I (NADPH) FiZh &4 KE
FREUNADPNa,. 6-ffR % b5 — 40 (G-6-P) . 6-W
WA A W A (G-6-PDH) . MgClid& &, 4k
ERZEKRZ LA 1 mmol- L' NADPNa,, 20 mmol-L"'
G-6-P, 2 U-L"' G-6-PDH, 20 mmol-L"' MgCl,, FiH
PUBC

2.1.4  RZAGHIN TR SO AE AT R 2 AR IBOR 2= 109
Xof P e, o PP R BB R B 3. 244 mgemL !
(A 2= IR HE S B AT, 25 o

2.1.5  far gt BE GRSV RS PR O By P OGS
R 3 i, n F ) BB £ Wk S0 0. 434 mg-mL
) g B P Bkt BE L AT, A

2.1.6 ARZEEHHALASER @ E IR 2= TR
Xt R S A, I Krebs-Ringer ' s 1755 77 W R ¢ 1 ot
R R 20 pgemL R 22 AR AR A T

2.1.7 EGEKEEE HlAOrIE I SCERI12], G T
FH Krebs-Ringer's 5 72 W0 B B 22 46k o7 £ 9k i
20 pg-mL A KSR

2.2 HPLC-LTQ/Orbitrap MS Il & 14

2.2.1 &+ HPLC-LTQ/Orbitrap MS 511 4,3 4%

PRI LS A5 R SRR [12]
2.2.2 SEMEHPLC-LTQ/Orbitrap MS 4514
2.2.2.1 (i Agilent TC-C, fo 3% 4F (150 mmx
4.6mm, 5 pm); KM C APH (10 mmx4. 6 mm,
Sum); WEhA: 25 (A) -0. 1% 2 (B), BREDE
i (0~5.0 min, 5%A; 5.0~5.1 min, 5%~15%A;
5.1~10. 0 min, 15%A; 10.0~20.0 min, 15%~60%A;
20.0~21. 0min, 60%~80%A; 21.0~25.0min, 80%A);
Wi 1.0mLemin'; HHE: 30°C; FEREARL. 10 pL;
é’.}’/ntbﬂﬁ 4: 1,
2.2.2.2 JEESAME LTQ-Orbitrap %Y i 5 25 1 M
FEIE AL, ESIHL I : 4000 V; B4IHE: 35V;
EEHEBEE: 110V; BHERE: 350 °C; # K
B TR (APCD) ZEALEEE: 300 °C; A
i 30 Lomin 5 HBVAAFUAE: 10 Lomin ';
BB R B m/z 100~1000.
2.3 B EmIAE

HSD R I8 K, RlbL R34, &6, 4
WIS A . AR 2ZAER 20 pg-mL AWl . i
IKEEME (AR ZEAERE 20 pg-mL ') I 2H"

SCEHT, KBRS 12h, AHRK. 25% 540
piE = R S N N N e W D R o NS 7
IR, Ut 450 (BEEAT T 1 em4ZEHC10 cm) |
2 f (HEHT 115 emZbEC10 em) . B (B 20 cm
AEL10 em) . Z5l ONE WG SR TE FHC10 em)
FHTFR Y 37 °C Krebs-Ringer s W i e i N 249
1) 4% 2H Bz v 43 5973 A Krebs-Ringer’ s . A 2 465
Nt e A4S 1.0 mL, A A © IR 1
Krebs-Ringer's I8 37 10 mL ', $7£5i A 5% CO,,
{35 37 °CHE IR, TR 120 min, 25 RIRE BB
BWIREG, 1ENSANBER
2.4 KRR B ) 2 S g

ISR B R R AL S A ik R 1. 0 mgemL !
IR BRUIFHCRE A4S . 100 ng-mL A AK 22 FE 015 5 T
R KPR B B (5100 ng-mL 'K 2= 1E7)
LA ATR NADPH JG s R0 (M S TAMKEE N
1 mmol-L"' NADPNa,, 20 mmol-L"' G-6-P, 2 U-L"'
G-6-PDH, 20 mmol-L ' MgCl,) #10. 15 mol-L ' KCI
SEPGE R, SRR 1. 6 mL., A HLE R B
AN BARTREY 1%, 7 2R G0 37 °CoK i Tl il i
5min, ZRFIIANADPH RGc)Gsh i, 37 °C/KIEHR
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e, rRI7E0, 15, 30, 45, 60, 90, 120 min i}
HURE 200 pL, JFSr BRINA 2 5B UK 20 (&
4. 66 ng-mL 'fiitHk) ZAIbERV, WHEESS, 15000xg
B0 10 min, _EIEWAAWR T, FRE H H B 400 pL
Y, 15 000xg B0 15 min, M F % K HPLC-LTQ/
Orbitrap MS 73 HT AR 2= 608 & 2, THRA 2 AE B
WHEh J1 2240 TR 90 min FAE S TSI A 22 48
A 4
FIRIRMEARZE N 1.6 mL, AR 22 AE0E Ek
KRB B (AR )T TR B R 22 480 1Y)
Frive s, R 2B TR B 10, 20, 40, 80,
160, 320 ng-mL ', T 37 °C/KI IR M F 30 min,
HAAER I, #47 HPLC-MS 23047, % 4R R i f
W BE R == AE A 8l ) 2R
2.5 FlabB s srHr

2.5.1 BEH (T, . FAEERE (CL,) AEKE
FO(CL) T # R 200 O B 5T 5 Wk AR by
100% ., HoAth s i) A5 % Jo5 22 3¢ 5 5 O Bsf Joi o 4 S8 4 LG
FFEIR 2 AERR T A5 4 b A5 IR ) A B TR A B 40
FU B4 1 8K X5t 505 R O 194 L 99 [ 22 ] [l 0 SR A A
(k) , RAFIRLGRORARACIH Y 7, (min), N Well
Stirred Model X SRz (A AR 15 A B3 328 47 &1 4 ] #5 2]
AR ZEAEIEAE R R 9 CL, (mL-min '-kg ') FIjiF
CL (mL-min 'kg ')

2.5.2 mARMREEE (V) ACKKREH (K,) 1
BORR AR AR ER Y (wmol-min T-g '),
¥ JH Line Weaver-Burk SR B0/ B B, DIACI &
MEIEC (/7)) XA 22 6 05 2 1k B (80 %0 (1/S])
EE, AR K RV, o B EIEE v, &
Ry R K,, 15 A G AR SME
BIVIE S =18

2.5.3 Giitotr RS ¥ HCRH (vxs) %
7N o K JH SPSS Statistic 19. 0 X 5 ¥g vE 17 48 140 #r
THRER 22 AEmk i AR 8 12280 R s )2
SRR A R R

3 HR

3.1 Rl 2egs R

3.1.1 HPLC-LTQ/Orbitrap MS ill| & J5 3¢ % 5%

R B T W =<4 s 1 i B N R S i @ A N
o SN = i 1 € TR NN R N 2R 10 /7 7 A1
.76.

(51 ng-mL ") K WNAx (fif 68, 4.66 ng-mL ') .
60 min A % fE G775 17 W0 IS0 AR TR e, e IR
2. 4350 F J7 ¥ Ak HS 4T HPLC-LTQ/Orbitrap MS 43
Bro S5, FEAR 2 AEHOR PIAR B9 H W6 o7 B JHF T
R TRE PRIE RS T TR, WA 1

o 1 2 3 4 5 6 7 8 9 10 11 12 13
#/min

1 1 1 1 1 J
o 1 2 3 4 5 6 7 & 9 10 11 12 13

0 1 2 3 4 5 6 7 8 9 10 11 12 13
t/min
T A KRS P BOB R IR B, 258 U BHOR: (A SORUR i+ AR 22 4E
BB C. 60 min A 2 RIS B WA BT (VOR: IAGRL R 1. A
SEAERR 2. fEn R
B1 KRR AR % R & 5 R 1 R M (SRMD)

ik E

3.1.1.2 FeifEME JoE N RS IR OR 2% AR B
A WGEE BT IO K BRSO AR R &
f AR 22 PR 22 AE B Y 28 BT VR FE AR IO 5. 1. 10. 2,
20.4, 51.0, 102.0, 204.0, 510.0ng-mL ', B Lik
I 200 L 5 245 R FRAGUK 2 (7 4. 66 ng=mL ' faf
o) RS, HAAH 2.4 N ek EE, HPLC-
LTQ/Orbitrap MS M3 o DAA == AL 1R B2 A A AL A
(X), AL 5 NARrERFR LE LS (Y), H
AU /N Z It AT IR 5, SRASARAE I 7 Y=
0.0211X-0.013 1 (r=0.998 4) ., A= 7EHH 5 & 1
JEH5.1~510. 0 ng-mL 'FFERER R RIF . HEIEMELL
(S/N) =1031%5, & FFRMS5. 1ng-mL ',

30113 MEFREEREEE BURZAEIR. . &
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3ANEEWE (10.2, 51.0. 204.0ng-mL ') HYATF
TIORLARIS W, 4% 2. 4700 N TR 0E, [l — R X 45
TR B AT O FEACI S, LR 3 d, ISR
MR R B HEAT, 2 A AR v 2 H 38 45 1 i ot o
WERE o A TR ARG S, 45 S RSD 40k
4.32%. 3.51%, fFEITESIE SR,

3.1. 1.4 RERENSCRASE AN, BRI, .
3N J5 S MR R ) A 2 6 B ROk A X B L, A
AR EE 607y, 4% 2. 4500 R 5 AL BR S AR, 3058
AR EERIFN NAR AL (REA A) o BG5S
W, TALBRJE A28 ORI in 2 8 i
W PE IR 22 AEB8URN P bt BB S TRV, TE SR [ i
YR PR 22 AERdRT N AR I TR (RER B) o TR sl AH
BOAIG . L 3 Ao ek AN B T A Sl A
W, MEmRE (BEA C) o FREURICR AT BAE N
FES A SRR C R @I A b JE BN 1 35
EMAE S B S5FE 5 CIO @S e m AL . [FIR 2548 N
FRTE 4. 66 ng-mL A %) 3 B RN FEE I RS R &5
JERSD /MK 3. 73%., 3.94%, FAEMEEK,
3115 RuEtE AR AR R B R 10. 2,
51.0. 204. 0 ng-mL ' & 25 FROCRIAAR, B4 vk
JESOy, BT - 20 CUKFETA TR, SRIEEE T,
FERMIK, Re—RKEREHRE, #2450 F )7
AL PRIE I A, TR IRAES S s A R 25 BT
W} 10.2, 51.0. 204. 0 ng-mL ' 24 BFECRL
K, BAFEWE SOy, 2. 450 F LS, 1
Fi (20°C) &M FCE 8 h e vbRE, e K227
BT Wk B, THIR R R E AR e . 45 R RSD 43
MK 3.25% . 3.77%, FEEIEERK,

3.1.2 KRB )2 S s

3.1.2.1 T,,. CL, M CL #¥%E/KIEW A 2
FEAA B[] 5 R A 88 8 TR 2= AEmd A, R

EERUEY /81 L N [ R SN Wi YR NG R AW B
g (1), B 1 60 min X6 il £k B2k BOR
PRERE (k), RIS T,. CL, FICL, S5 i#E2,
3.1.2.2 v, MK, S| 5T e B AR 2= A6 0 S B
KRB 3 WA T R BRSO A R, T3S
AR2ZAEBRE v, G5R I 3. PIdL P BEE A 22 AL BT
B, AR, HOR 22 A A2
AR % T B KR 4L . SR Line Weaver-Burk
SEBAER S, TR MY, ZRILE2, %£2.
3.1.2.3 BhJiES R B ROk IR
PERITEMFRUEN R . T,,<30 min, FWZXALSWRL
WRFASE s T,,730~90 min, 2032 iX10 4 W1tis
FEME A T,,>90 min, RHIZ GBI
FEVE R, LRl L, AR 2 AR A i KR T
BB WK 22 AE AR K BUFSoR: i b ¥ 2 v 5
M K EARRIKY SE0 R, K EBK, %
SR AR /N 2R I B KR W B B T P R 22 e
BB K TR AR () 25 R T AR 22 4608 B B T

P2 T, AL PR 22 AR A A1 K R Rk
AR Eh 12 22 R AR E L (P<0.05). T,,.
CL,.. CLAV, Z55FW, HEKIEB S35 WK
VNSV IR 1787 3% 21 e b N A 2 R NN & IR NS EE A
EFTE R RS, T8, P oA 22 AE A K R
JH SR A B 3h J1 2= S e T A, B
b 53 T B B OR 22 R0 -5 R RSO R 1 2% R
R A 22 A0 7 K SR s 1 mb () ARSI B R
3.2 Rt

WA A= WA N R A AR Al SR I LA
G5 SO A AN R A, IR D 2503 F
AT B R A SN e S R AR M T
SEE ORI My BA T 2 B B R A 2
fipe b ep e Rk . TEIER TR, KAy

R1 FRBEEFERPARZEERRE (s, n=3)

%

ZH 5 0 min 15 min 30 min 45 min 60 min 90 min 120 min
PNy 100.00+4.73 80.9143.55 56.09+1.32 46.07+2.90 32.84+1.68 26.06+1.60 19.76+1.49
WK SRR A 100.00+6.33 86.22+1.67 71.07+3.01 52.45+2.64 39.45+1.87 30.18+2.11 24.45+2.18

F2 ARELWAEXBIFRAERORIENNESEH (Gts, n=3)
251 T,,/min CL /mL-min '-kg ' CL/mL-min '-kg ' K _/wmol-L ' v . /umol-L '-min '
N AT 37.35+2.98 23.29+2.97 11.10+1.40 0.85+0.12 0.03+0.02
B KPR A 44.22+5.10" 19.69+5.10” 10.09+2.61" 0.53+0.16" 0.01+0.02"

e 5ARZIEWH BB R, "P<0.05, TP<0.01.
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3 XBRFRAEHARRERRERERZEREA G EE
(x£s, n=3, x10 %)

215 [S]/umol L' V/umol-min '-g!
A 2ZAERH 29.2 0.9+0.14
58.5 1.440.25
116.9 3.60.67
2338 6.2+1.13
467.6 10.1+1.88
935.2 24.4+3.56
KPR 292 0.7+0.13
58.5 1.0£0.19
116.9 2.2+0.41
2338 3.14£0.63
467.6 8.2+1.32
935.2 18.52.17
1200 -
% A
1000 |- ¥=31.933X+37.127
= 800
=
=1
s 600
=
E 400
E
~ 200
0 40
1/[S] (L-umol™")
1800 -
1600 - B
*
1400 - Y=44.588X+84.71
= 1200}
£
31000 F
on
= 800
E 6ol
N
= 400}
200 F
*
* 1 1 1 ]
0 10 20 30 40

1/[S] (L-umol™)
T AL REFERL; B, BUEKIER.
B2 ARZEWRERESREHEERNNE S L (n=3)

JEAE i 55 25 EURE il B8 — G A B e A 7 0 LA
TR ATRER T | H?FHFEIETF% oAk LEAC

P TR TR, #E A A A Y)
RS B — AR IGERLEE , DAHEN A= M 454
R =% A B S B 3% K B VR 5 38 W0 T RORL AR
i % Wk 45 HPLC-LTQ/Orbitrap MS ¥ 1) ,  A 2 4 B
. 78 .

B4y F B 1 U6 m/z 342, 17 NI, 2008 N mi/z
311.10 [M - MeO]", 297.06 [M - C,H,N]", 282.08
[M - C,HN - Me]", 265.07 [M - C,H,N - MeOH]",
237.14 [M - C,HN - MeOH - CO]" (E3), —% 4%
FAH B3 H R 22 A8 Y £, oM 10. 33 min, LRS-
mE L E 4,

A 342.17

344,18
29711 364.15

265.09 94 (290 13
366.16
26093 | 2§2.09 \ 3199 3g19 I 35615 138613 40924 41327, PI a913

260 280 300 320 340 360 380 400 420 440
mlz

297.06

265.07

29908 311 10
279.08
20521 2p07 B B (g ||f¥'08 ’lj ?I_}.OIS 32225 1 I 1
200 220 240 260 280 300 320 340 360 380 400
mlz

#H: A.MS'; B.MS’,
B3 REEFHMS BRMSEEBEFRILEE

FLFE LB AR TE N, K2 N85 5 1
R ERUHF R A% 305 9 A 2 vl e 0 1) i 78 % 5 A AR
P (MI~M3, M5, M6), [fi&i&E/KIERAL B &
J 78 K B ORE A Yk e A4 2R b H A 00 28] Jirt A B 8 >
=9 (M1~M8), LK 4, F£4, RZEL-IT
RS AR R AR LA 5

M1 (m/z 358.16) FIM2 (m/z 374.16) [FIHA4
N R B T R 22 (m/z 342.17) 433
%16, 32, M1 EEMF 70+ A m/z340. 11, 327.13,
313.10, 298.23, M2 FZE W R 5Tk m/z 358. 16,
342.16, 329.11, 297.08. Wik, Ui =4 M1 i

M2 535l AR 24 AR — FE AL N — R 3 I =) .

M3 (m/z 328.15) AR = 4Lk (MO) 2 14,
M3 FE /BT b m/z 297. 06, 283.05, 265.07,
251.07, H UG AT = M3 A 2 A8 ms— I F 5674 .

M4 (m/z340.15) HAR4EmL (MO) /b2, M4
BB Tl m/z 309. 07, 295. 11, 280.17, 263.03,
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mlz 342.17 (MO) m/z358.16 (M1)
A a | a
JthM b JL b
ﬂl 1 A
1033 c 10.05 c
9.64 o
\ h 85 L
10.01
J\10.34 ‘ 961&1‘034 ‘
o B NweSs
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