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37 CARBFHATME , 5 FHF40.2.5,10,15,20,30.45 .60 min i A F B BB, VAR AN A W AR, RN AR & 20k A8 & 8-
B 3% % (UPLC-MS/MS) il & &- 0% F 4k 2 3R 47 L ANBY 09 R B . €384 A Acquity UPLC™ CSH Cys, #3484 0.1%
W BR - B (B PR, ik 9 0.3 mL/min, 2238 %4 30 C, #AFZH 2 uL; B FRA B 5B TR, A S A B #HITES
Fak, BT EES>MGETF oA A m/z 401.2—-3311 GRAEAT K BAN ) \m/z 265.1-247.0( MAF) . VA E 0 min B3R GE 8 2L 7
ANEY R IRE A AR AL E R R R R R P e SR A E ol ARSI B (1) AR BV F IR A (CLL) . R AL D)
FERAT IS A B A AR 12 £ LR G AH T, R —RABH AR T 7 XN, 715 94 LRI =, SR
PG AT A BAN YR A 49 P B 4 3.91~500.00 ng/mL, £ % F R4 3.91 ng/mL; B M, B 1 RSD 3T 10% , A5 A
87.40% ~103.75% , &R # o A rml My ey ml 2 o AR BA B AEA KR DR RIFRER PR 2, f E SR Ok IRk
AR L ;5 F 30 min &, LA SH BT IRG MR T oS THRE, AR AEA KR DR I XA
PP 9 e #) 4 12.07,17.68,17.59 ,216.56 ,61.88 min, CLi, 4~ %) # 0.115,0.078.,0.079,0.006 ,0.022 mL/(min-mg) . 28 & Z& P
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ABSTRACT OBJECTIVE: To establish a method for the determination of piperitylmagnolol in the incubation system of liver
microsomes, and to investigate the metabolic characteristics of it in different species of liver microsomes. METHODS: The
piperitylmagnolol were respectively dissolved in NADPH activated liver microsome incubation systems of human, rat, mouse,
monkey and dog, and then incubated in water at 37 “C. The reaction was terminated with methanol at 0, 2, 5, 10, 15, 20, 30,
45 and 60 minutes of incubation, respectively. Using magnolol as internal standard, UPLC-MS/MS method was used to determine
the concentration of piperitylmagnolol in the incubation system. The determination was performed on Acquity UPLC™ CSH Cis
column with mobile phase consisted of 0.1% formic acid-methanol (gradient elution) at the flow rate of 0.3 mL/min. The column
temperature was set at 30 “C, and the sample size was 2 pL. The ion source was electrospray ion source, and the positive ion
scanning was carried out in the multiple reaction monitoring mode. The ion pairs used for quantitative analysis were m/z 401.2—
331.1 (piperitylmagnolol) and m/z 265.1—247.0 (internal standard) , respectively. Using the concentration of piperitylmagnolol at 0

min of incubation as a reference, the residual percentage, metabolism half-life in vitro (¢,.) and intrinsic clearance (CLi) were

A ST H - [ ORI 54 Ve BT (No.81673653) calculated for different incubation systems. The metabolic

* WLBIFC . BRI T 25950 H7 . E-mail: dxingl 110@163 pathway of piperitylmagnolol was studied by chemical inhibitor

method. Under the above chromatographic conditions, the
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com
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range of piperitylmagnolol was 3.91-500.00 ng/mL. The limit of quantitation was 3.91 ng/mL. RSDs of intra-day and inter-day were
less than 109% . The accuracy ranged 87.40% -103.75% .
measured. The piperitylmagnolol was metabolized significantly in human, rat, mouse and dog liver microsomes, but not in monkey

Matrix effect didn’t affect the determination of the substance to be

liver microsomes. After incubating for 30 min, residual percentage of piperitylmagnolol kept stable in different species of liver
microsomes. The #,. of piperitylmagnolol were 12.07, 17.68, 17.59, 216.56 and 61.88 min in human, rat, mouse, monkey and
dog liver microsomes; CL;, were 0.115, 0.078, 0.079, 0.006, 0.022 mL/(min-mg), respectively. Inhibitory rates of CYP2A6,
CYP2D6, CYP2C19, CYP3A4, CYP2C9, CYP2ELl and CYP1A2 to compound metabolism were 55.76% , 93.94% , 96.01% ,
93.69% , 71.81% , 23.25% , 28.04% , respectively. Quasi-molecular ion peaks of the two main metabolites of piperitylmagnolol in
human liver microsomes were m/z 441.2([M+Na]’) and m/z 337.2([M+H]"), respectively. CONCLUSIONS: Established UPLC-MS/
MS method is simple, rapid and specific, and can be used for the determination of piperitylmagnolol concentration in the
incubation system of liver microsomes and pharmacokinetic study. The metabolic characteristics of the compound are different
among liver microsomes of human, rat, mouse, monkey and dog. Its metabolism process may be associated with CYP2DG6,

CYP2C19, CYP3A4, CYP2C9, etc.
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AHEZE 2 (Lignans) b 591 T H 2R 00 25/ R
YriE M — B H ATHFIE R s Sk > — 1, MG ST 4
L BAE Y A BUONE PR PR EE R LA
IR TS AR 72 25 3 E Y . B ey 5L AR (Piperi-
tylmagnolol, b2 25 4 UL 1) fic il A TR 22 BHi
YR AN (Magnolia officinalis Rehd. et Wils.) i) T4 57 |
e K R Bz A B PUE B B AR SR,
TARBEREDH A RS Y . Youn UTSFEHIFR K
IR, AL S JEE AN X 598 20 JfL HeLa 15 12 86 2 171 100
9o 21 L K562, /)N 2 Jif Jii 98 2 L AB49 45 Jiz 98 4 e
HCT116 55 Z Bl A Mg 48 i A — 2 A ARSIl i 1
FRR A HIR B (ICs) Ky 7.7~9.5 pg/mL; Syu WJ S5
ST BA , B A BE AN RS AN X 5 7y B R A ER A
(VRE) Fl i B 4 75 Ak 4 v €03 45 2K 18 (MRSA) %5 1iif 24
PRIR I AT — 8 PR SMIIVE F , LB AR il v B2 (MIC)
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Fig 1 Chemical structure of piperitylmagnolol
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B A Y T R TN T2 A, B 7ESBCAGH
Ty HEJEANE A PR SMUBIRRAE , LR SERE R 2%

1 ##
1.1 {88

UPLC &%, % SIL-30AC %! [ h JEFE 2% . LC-30AD
Rl 5 .CBM-20A B R Ge il (CTO-20 AC T AT YA
( H 7% Shimadzu 23 7] ) ; SCIEX QTRAP 5500 % = i /U 2
FFMS X (£ AB 23] s AL204 5 Bt - R4 -4
M ZAU#8 ( Fi )4 PR H)]; Heraeus Fresco 17 AU 75 i B
ML (ZE [E Thermo Fisher Scientific 23 7)) ; S0200-230 %I
WA TETR G A (i B AR YRR A FR 2 v ) s Milli Q AU
4li7K 224t (32 E Merck Millipore A ] )

1.2 Z@m5ik#

SR i S5 JEL RN o B (L5 0 20170323, 4l i . >
99% ) JEFNEXF HE 5L (AR, 15 : 20161103, 461 . >99% )
I DU R 2= R IR YT B 5 S0 = St s Aok
A (5 : M10001-2017002, JFi 4 J& : 20 mg/mL) K Bl
JHARCREAAR (L5 : M10011-2017002, BTk : 20 mg/mL)
/N BRUHHORE 44 (At 5 . M10017-2017002, J5T 5 1k B+ 20
mg/mL) B Ok A4 (FiE 5 - M10005-2017002, Ji 2 ¥
J& :20 mg/mL) Kok A4 (Fi5 : M10007- 2017002, J5it
Sk B+ 20 mg/mL) KR B B R IR Y A T TR 0 R
(NADPH) I B R G0 { & A W[ B-HA Tk g e N2 s — A% 17 i
TR A 7 % B -6- W IR . AL BE /KA W, it 5 : NRS
(A)20170017 B ¥ [ 7 2 B -6- 1 TR 18 0l Wy A R i 1
W, b5 . NRS(B) 20170017 341 [ % 130 8 3 45 A= 4y 12
25 H R B F 5 Al R B AR 25 A O B (HE S
100157-200201 , 4fi 5 - A1 55 1000 ) 3 PR g S0 DG i %o
BE L (15 100542-201002, 4 : >99.7% ) ¥ i
i 24 i R R AR B BRI s 45 e TR RE (B A 2 (1)
R Tk & A B Al it 5 : KVZTE-LQ, 46 fif < >
98 % ] ; il J5E e Xt B i (7 [¥] Dr Ehrenstorfer /A 7] , #it %5
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11208, 21 B : >99% ) 5 ik e 4 n s o B (k45 SL-
BC7923V, 4l : >99% ) . . 2.3k —Hi A& 5k B B e ot
HE (5 : MKBJ4989V, 411 : 99 % ) #4111 FH £ [ Sigma
OS] 5 o- R B (R AR B Tl bk =X 2t 155
UEESA-JQ, 4liJi : >98.0% ) ; s | Z I Jy ol ,
AN Aol K R aifk K

2 FEELER

2.1 BESRIGEEHG

2.1.1 @ik & @ikt : Acquity UPLC™ CSH Cis
(100 mmx2.1 mm, 1.7 um) ; i 840 : 0.1 % H BRI W (A) -
FEE(B) , BfEEPERT (0~2 min, 80% B—90%B;2~5 min,
90%B) ; Wi 4 : 0.3 mL/min; Ak : 30 C; HFFER: 2 ul.,
2.1.2 BUGAIE Hmg B U (ESD 5 257 gs H s
5.5 kV; B F IR : 500 °C ;3 KA E S :20 psic R
Z L W I (MRMD) B4, 1 87 ke il .
FE I MBS T4 5051 K m/z 401.2—331.1 (R fiy L 5
KN ) Flm/z 265.1-247.0(NAR) , il fiE GE 1 (CE) 433110
38.30 eV, L HL R (DP) ¥ 0y 130 V; B iU R AL R
(EP) : 10 V; filf 48 yth 4 1 H Hs (CXP) < 10 'V B 1 i [A]
0.20 s,

2.2 AREESH

2.2.1 BT ELEANRI AW N R T AR BB
7o L JEE A S X BE 5 10.00 mg, KB FR 8, A E A &
10 mLAF R, TRAT, RIAS R 4 1 mg/mL A3
T BL SR AN I 450, T 4 CuKA P B BHMRAE, 45
e VAT, JFF) P TR £ o 2 A L I it R, RV 3038 o
FEIERNG R TAER

222 WIS NPRIEWR AR AT BR L 10.00
mg, AEEHRE , S 2 2 10 mL @ s, IR AT,
R4S 5T 5 e B 4 1 mg/mL AN BRI 2, T 4 COkER R
FHEORAE, #5 F o e T, FH PR IS T8 2 A L o e vk B
RPAS AR IR

2.2.3 R PEIHGAE I A ER P (CYP)
PP R B 2 B0 25 e T Eh MR e S VC e | i B
M T R I | 2 B A I F RN - 2R T X
MR 45 10.00 mg KRR E , FHHH BE 2 98 25 28 10 mL AR
i TR AT, RIS TRV 3 1 meg/mL Ry 5P
TR, T4 COKFR P B0 & 1 I A,
JFH Y s o R o R, BP0 o 10V
2.3 HRMEES5L4E

2.3.1 FEAEE  SHOCREBIR IR R LA
TN 200 pL, A7 W R 5 2% 1 i (PBS, 100 mmol/L, pH
7.4)188 pL MINADPH W7 & R4t 12 pL (5 AW 10 pL Fl
B 2 uL) , Fokisr FIRA MG (BHBLES) , B & A5t
R IE R 100 pg/mL A4 BRI A SRS AN TAF R G2 &
T Z i R R R R BONAIR T 1% ) , T 37 “CoKIB il
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W E 5 min &, IAJHRCRAAR 5 wL J5 8l &0

2.3.2 FREVEER  BURE S BIRE S 200 uL, TSI fiE]
JEANA 4 °C BB AR 10 ng/mL) 400 pl 2% 1120, it
FEIRAI 3 min )&, T4 °CF LA 13 000 t/min 50> 15 min, B
IS BOE R T UPLC-MS/MS 4347

24 HEFER

241 TJEEFLE BAFROR AT &, 245 R KE
S, A 2,37 R kA AN S REI A RN AR S
X BEFEAS 7 IR RE A DL AR SMR RS s e 5T
FERE AL OANFRCREAR, 9% 8 5 min B AORES) , Fi%“2.17
TR ik 5 s AR UERE BT e g . A5
TN BT 77 35 JEE AN M T PN B 1) £ B8 IR ) 43 1) Sk 4,68
2.33 min, 70 B R4, B 232 A3 T, %
BA L d P, PRI 2,

6x10"'
2000 4x10'
1000 2x10" !
z 0 P Pttt e s et s & 0 [\
2 1.0 2.0 3.0 4.0 N 1.0 2.0 3.0 4.0
2 0 # 8x10
5
= 6x10°
200 4x10°
100 2x10° 2
0 s Jysss, YR ) o 0 A
1.0 2.0 3.0 4.0 1.0 2.0 3.0 4.0
I [ , min fif ), min
A N A B. AR+ SR A S A ML
6x10"
4x10"
2x10" 1
£ A
i 1.0 2.0 3.0 4.0
=5 3x10
2x10°
1x10° 5
0 A
1.0 2.0 3.0 4.0
FiF ], min

CAARSMUC PR BT Bk i
T s 1A 5 2800 A B 5L
Note: 1. internal standard; 2. piperitylmagnolol
2 EE MRM
Fig2 Typical MRM chromatograms

242 PrfERLMT S5 E R TIRMELR  #%2.2.17
TR 5 T B A JEE A 2R 4] A9, i) e B
W TAER 2 uL, LA PBS 200 uL, R4A), i B 24 il XKE
A N BRORE A i 745 SR iy 5 JEE A P Jo 5 R 0 )
A 3.91.,7.81,15.63.31.25,62.50,125.00.250.00,500.00
ng/mL 1) RIWBRAERE G, $522.37 TR Jr iR B, PR
“2.17IUR i B AR T I s AR, LATE
D) Jo e Y B SR R AR R () R DN A 5 P s ) I TR AR L
TE A HAAR () SR AL AL R BON 1) A T2
[B] 5, 75 [|] )5 5 B A y=0.409 6x+0.069 9(R*=0.999 6) .,
SRR, RO AT BE RS o 5 1 P AG I F) 2 151 LAy
3.91~500.00 ng/mL, & 5t PR 3.91 ng/mL.
2.4.3 AEIESWEN R $02.4.27 0T Jr kL
BROHEAT JEJREANBMEC | v | g o i A 32 (7.81,62.50,400.00
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ng/mL) JFCAEAE by, 5 5T AT HR A 5 Uk, 9%
“2.17 TN S B AR RN E B 5 H IR
HELEINE 3 d, B 5E H IRDRS 3L 5 K7 Se D vk B S e
JRE A BT HUAR, B EEERN B . AR IR
JBt i B A R ) H 9 L H AT RSD 24/ T 10% , HER
5504 91.119% ~100.37% 87.40% ~103.75% .87.06% ~
98.67 % , 75 £ 1L WIAE ity 2 5 0 AT R AT O 2R, T L
# 1.
Rl BEE ERESERMMIKEER

Tab 1 Results of precision, accuracy and matrix ef-

fect tests
IHE TR, FioHE, % il SERT
ng/mL HARSD(1=5)  H[ERSD(n=15) (xts,1=5),%  (xts,1=5),%
781 6.90 8.03 107.16£5.25 96.99+3.68
62.50 7.06 5n 95.66+6.01 95.52+6.49
400.00 539 484 03524448 9460+4.11

2.4.4 LGOS F2.4.27 TR 7 v 0 5 A L R
ARG b B hE M (7.81.62.50 ,400.00 ng/mL ) B4
FE G 2.1 a5 5 i S5 A R S, 454 1
WETRIAR (A4) 5 o5 FH IR Sh AR BC 5 b R s i ot e o i
V8T 7 P XoF B S VL, RIS, A5 AH I TET R (B) o
BA TR P ATHRAE 5 IR . BE AN, =4/B%100% .
45 3 Wi 0 oy 5 R RIS Iy 1) 5 BT AU Ry 85.409% ~
103.75% (RSD } 3.72% ~6.79% ,n=>5) , PN bRk A0
4199.96% ~100.37% (RSD 4 1.21% ~2.03% ,n=5) , 3
A 32 L RN, AR /N T LR 1

245 FAEMERIG  F2.4.27 TR J7 1 e ) S £y 2
JEAMNEMIG b R R (7.81,62.50,400.00 ng/mL) Ji
FERE S B 2.7 IR gk gk SRR S, R
TR B P ATHRAE 5 IR, BB A A i T =R H B
PEREES (4 °C) NICE 24 hiBase b, 450 Bon 78 Bk
SRMET PR Ay SR JEEA N 45 T 4 it 2 L s ) o5 06 1 AR
() LB K 86.98% ~96.51% (RSD 4 0.79% ~3.70% ,
n=>5), RWHRE M RIF, HEREK2.

K2 BREEHRBLER(xEts,n=5,%)
Tab 2 Results of stability tests(x *s,n=5, %)

PR ng/mL =il HaliliHE (4 C)
7.81 88.95+2.88 88.12+1.87
62.50 92.85+1.92 91.51+1.33
400.00 90.06 +0.79 95.57+2.01

2.5  PRHEREEMNBEIMC S ER T

2.5.1 FRUREEE  BRC2.2.17 W5 A L AN R I
T BOE G, T A B 2 40 pg/mL, B iR R B S A%
W2 pL, A 2.3. 175 P E R R, F 37 CoKE
8 5 minJ& , IMAJHRCRIAA 5 pL g gh . 43 F i
#H0.2.5.10,15,20,30.,45.60 min i il A 4 °C HEE( &
MR 10 ng/mL) 4% 400 pL Z¢ 1E 20, i3 i€ & 2 3 min
J&, T4 °CF LA 13 000 r/min 5.0 15 min, B 1§, 3%

TEIEE 2019EFE0EFEE

“2.17 TN R B A AR DI E  THRA R R T B0
Ay HE TSR Y ) S MR B . LASRE T O i IR JBRCEE Ao BEJSE A
Ty 4 I Ay 2 B, SELA s ) o5 ) R B 5 2 M EL
TR YRR T3 He s LRI AR 1 0 LE AR AR
R[] A A AL, SR FH Excel 2016 A2 il B0 i 2 J2 A
Wi 5 5 Ff S O P 7 1A 2 b A e 7 2R, TR LI 3.
AT JTFGIORE PRI B R R PATHRAE 3

120.00 ¢

—e— /)il

100.008 —— R
. —e— kil
=5 80.00 | —>— A
&K —-
§ 60.00 F
"
] 10.00 f
R

20.00 b

0
10 20 30 40 50 60 70
fif 7], min
B3 FHEEEEMBEAN KR /DR MK RFRAE

RIS Hh 2
Fig 3 Incubation curves of piperitylmagnolol in liver
microsomes of human, rat, mouse, monkey
and dog

H 1] 3 AT UL , R S JEEA MR TE A R B /N RS
4 Fp JHGORAA H A B S T A SRR A4 v ) A
AR . WEE 30 min Ji5 , AL Rl R HRORLA b i 254
Pl v o3 AN AT THE
2.5.2  PRAMEREW (1) 5 A TR R (CLLO BT 1T
AR Ao R JEEAR I N R BRL /N BB RO A e
FRUHAR S B H 45 BF ] s (R 25 03 2 4 L ) AR
B (y) 50 A IEA] Qo) VRSt |, 7548 0 [ )4 5 7% 5 DA
PR B T R AR (O AR A2 1, = —0.693/k T
G 0, FHEA T CLW=0.693 < 7 AR (mL ) /[£,%
JHRORLAA BT (mg ) 13345 H CL M, 85 R L3R 3
*3 HEGEENBEAN KR MR AR KRR

Y E T2 4,70 CLi

Tab 3 Regression equations, #,» and CL;, of piperityl-
magnolol in liver microsomes of human, rat,

mouse, monkey and dog

g YRy r fi0,min CLi,mL/(min*mg)
A y=—0.057 4x+4.635 6 09670 12,07 0.115
NI y=—0.039 2x+4.648 2 09534 17.68 0.078
N y=—0.039 4x+4.5470 09549 1759 0.079
T y=—0.003 2r+4.554 4 0766 1 21656 0.006
* y=—0011 2+4.535 2 09420 6188 0.022

2.6 HEGEEMNBHIREEESN

S 2.5V T iff A 1)V A i SR A NI AN [ o R
JHFACREAA R AR AR S 2550, SR A AR 2 30 i 380 7 ) I
R R AT O AR . 7223170 P E Ik & b4
FIMA“2.5. 17" F 40 pg/mL i iy 25 AN A 1 pl
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FIR& R SRR R ) ($52.2.37 00 R Iy s e i, - 9r ek
JEE IRV , BV CYP2 A6 ISR B A 278 25 pmol/L
CYP2D6 fll il 5] 45 J& T 10 pmol/L . CYP2C19 1 fil] 57 £
TRIESA VL E 25 pmol/L . CYP3A4 HIHIFIFRHEM: 1 pmol/L
CYP2CO 51 5] Ttk Jiie 2 ik s 20 pmol/L . CYP2EL 411 ] 541]
TR AR L RN 50 pmol/L LA K CYP1A2 1
Fo-ZE M 1 pmol/L" ™) 1 pL, F 37 C/KIBHHIFE 5
min Ji5 , A NHEORAAR 5 uL 5 sl i, 1R A1), 37 °C
IR PRSI E 30 min, ITA 4 CHEE(E AR 10 ng/mL)
400 pL 2 1 N 5 [R) B a5 2R 2 A SO0 Ay B 4 ek HELC R
ANJTNADPH % 5 2 Gt FRe S PRI R0, H b 2 31
APRFR) FISE 4 N B BHAH X B CRIAS IR S 3 o 5510
{H/iIn NADPH i & R 50, HIFH BEAb L TR AR | [R] 9088
Ho H2.17H0 A S B SRR | TR0
R JEEAN I o Ve J AR A 3 [ ) 8 = [1 — (B
ARt JO e e — R 2 A o ST R )/ (9 X R
s JOT o R R — BH P X HERE ot T MR ) 1100917,
A ORI B AR R YA TR 3 1R
K FH Excel 2016 S EA T 8RR B . 25 R R, 3R
VAT R JE AN B A A2 th 2 8 CYP B T i, Horp
CYP2D6.,CYP2C19 .CYP3A4 CYP2CO Jiff it 3958 i Jik J52
AN By A B 9 AR A, 2 i 93.94% L 96.01% |
93.69% .71.81% , &M iR A FPEG AT RE RS 51L&
ARG 32 B2 W] T 5 11 CYP2A6 .CYP2EL .CYPLAZ2 i
PR EAL , 590k 55.76 % . 23.25% .28.04% , #En I
R 3R TR 2L A ARETOOC TR 4,
F4 B ThE TEHD ST A B RO rh R B R AR
MR SRR (n=3)
Tab 4 Effects of various isozyme inhibitors on the me-
tabolism of piperitylmagnolol in human liver

microsomes(n=3)

WHkZR BRI R G s) ng/ml RSD,% W, %
THRRER=BM(CYP2A6) 1578241077 6.82 55.76
R T(CYP2DO) 185.1111.24 6.07 93.94
HARBERILE (CYP2CI9) 186.59+10.60 5.68 96.01
FHERE (CYP3A4) 18493+ 14.44 781 93.69
AN (CYP2CY) 169.29+10.51 621 7181
Z LB EET R (CYP2ED) 13458 £6.85 5.09 325
a2 H(CYPIAL) 138.14£139 1.01 28.04
PR 189.44£7.28 384 -
e i 117.96£4.60 3.90 0

RN AR R A R

Note: “—"means no reaction

2.7 HHEEEEMEIMCE AR
F542.3. 17 R i, Fokis R B 2 mg/mL
A S T 7 R AN T AR 2 pL ($22.2.17 30 F )5 i A
HOIMEMWEFIRZ D, F 37 CRBHHME 5 minJ5, 0
AN 5 L Jg sh v, TR 215, 20 5 T 5 0,60
min B ITA 4 °CHBE (5 BR ) 45 400 pl 28 1k [ 7, i i
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JBA13 minj5, T4 CFLL 13 000 r/min &> 15 min, B
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