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ABSTRACT: AIM To investigate the metabolic stability of (E) -5-allyl-3’- (prop-1-enyl) biphenyl-2, 4'-diol
(HK-1) isolated from Magnolia officinalis Rehd. et Wils. in human, rat, Beagle dog, monkey and mouse liver
microsomes and to determine cytochrome P450 ( CYP450) inhibitory potential of HK-1. METHODS The con-
centrations of HK-1 were measured by a UPLC-MS/MS method to evaluate the metabolic stability of HK-1. The
CYP450 phenotyping of HK-1 was identified by specific inhibitors of isoforms in rat microsomal incubation system.
RESULTS HK-1 could be metabolized in human, rat, Beagle dog, monkey and mouse liver microsomes. The
corresponding half-life ¢,,, were 9.04, 7.36, 2.17, 4.94, and 18.09 min; intrinsic clearance (CL,, ) were
153. 40, 188.20, 639.02, 280.60, and 76.60 mL/( min - mg protein); intrinsic clearance ( CL',,

151. 87, 338.76, 949.21, 416. 69, and 301. 61 mL/(min « kg), respectively. CYP2E1, CYP2C and CYP1A2
were found to be the major CYP isoforms involved in HK-1 metabolism. CONCLUSION HK-1 could be metabol-

ically eliminated in a short amount of time and by multiple enzymes. Its metabolism is similar between human and

) were

rat liver microsomes. Therefore further study with rat liver microsomes can be used as a good indicator of the risks
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involved with human liver microsomes.

KEY WORDS: (E) -5-allyl-3’- (prop-1-enyl) biphenyl-2, 4’-diol (HK-1) ; liver microsomes; CYP450; met-
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MARZERBIHAY EAN (Magnolia officinalis Rehd.
et Wils. ) HRZEHFIAR B v 42 B 15 1 A9 BT 98 A7 A0
4y (E) -5-allyl-3’- ( prop-1-enyl ) biphenyl-2, 4'-
diol, JBTHRIBANE R LMY, EHMIEF B
(honokiol, HK) #[a] 73 S A8 1A, ABIF T 20K Hefi
£°0 HK-1, gitga0 L0 17, HK-1 3 %05 o 1
A8 B R 1 7 A SRR AR, LA A
WAL COX-1, COX-2 5 S-IR% & HE (5-LOX)
I H A =M By (LTB,) JB G ik 24T 48 16 1,
X COX-1, 5-LOX 4> S 1y LTB, 1 A 4 40 il B
PRSI AR 2 T HK-1 BRI R G
XA B R

OH

Q O "

/

1 HK-1 fyfb22get
Fig.1 Chemical structure of HK-1

25t AR G R ARG, i4e M a5
P450 ( cytochrome P450 enzyme, CYP450) 2 fF
IRIZE R SRR o ORI & A P INE A Y
B2 525 CYPASO i, HH 5145, ]
KIAORAE, AR Ta) A, PRI R o A A AL fF
S5 CYPASO il 8 14 0 RN IRk o i) H
ISR TE HK-1 ARSMUBHARSCHRIE, ARS8 B 1E
W58 HK-1 7EN . REL R AN OB b iy
AR E I MEHARNAGEINE R, DL RAEREUIT
Tk 2 5 HACHIRER AL, A DA% n)
AR AR B AN R AT S S Bkl
1 ##
1.1 E =FEPUNEFFFERE (MS) (Waters xevo
TQD), Mg A 2 [E Waters 23 F; & 80K AH (1%
(UPLC) A%, HIEHEN RS (Waters Quaternary
Solvent Manager) . ##f &4 ( Waters Sample Man-
ager FTN) . fAj%4; ( Waters Acquity UPLC™ BEH
Cpfi%tE, 2.1 mm x 100 mm 1.7 pum) ; ZdaAbH

724

BAf (Waters MassLynx V4. 1 Software) , I H SE[FH
Waters /v 7] ; KFE (AUWI20D, Max: 120 g/42 g,
d=0.1 mg/0.01 mg), WA HADHEAF; (K%
ZREDAL (Thermo Heraeus Fresco 17), Wy H Ther-
mo Scientific A F]; [HE/K# 4 (DF-101S), 4 H
KRR TEA R A

1.2 &5 A HK-1 ()R YRy E
FE RIS, ARETA 99.5% )5 Kl (it
5 110796-200005 ) W4 7 [ £ &b 25 K5 28 BF 58
Be, HPEWNAR (1S); AJFRCkifA (HLM) . SD K
BUIFORLAA (RLM) | Beagle R AFRURIAR (DLM) |
BRI RORLAA (MIM) | /N BUIFROREAR (MoulM) |
NADPH &4 R4 (AW, B W), A RIS KR
EVELHARARAE, T -80 CARERL; o
ZRB (ANF, ARl Tol pkaUostt) o #hieve
AVLE (TCP, hEE MM EM ) ; &)
T (QND, TCI R T R EARAF]; —&
BT ARE SRR (DDTC) | FdFeme (KCZ,
&I Dr Ehrenstorfer 22 7)) ; Wy (o ali; Ko
afifbok s Hainh ot

2 HiE

2.1 LC-MS/MS 44

2.1.1 WAHEME  Waters Acquity UPLC™ BEH Cis
iR (2.1 mm x 100 mm, 1.7 pm); FahHHR
H -1 mmol/L Z,fR%% (90 : 10) SEREVEML, (AR
WEN 0.2 mL/min, #HFEET[E] Y 3.5 ming H: IR
30 C; FESERIEN 10 C; #EFEARFLS L,
2.1.2 JRiELM  ARSLEE R H Quattro Premier
XE™ B O A T ST AN A LIS 55 B TR (ESI)
EHMEREN 2.8 kV, BEFHIERE 110 C, BiF
FISHREE 400 °C, HEFLHL 40 V, fffERER30 eV,
AHUEFLR 40 L/he, B R 600 L/he, 2 0
B (MRM) B, HK-1 K NAR KRB B
X535 K m/z 265.20—m/z 223.20 Fll m/z 253.20
—m/z 225.20,

2.2 HK-1 & & BT Ak b g RatAa e i iF
BiRRBARFH 200 pL, 4 K,HPO, 2% il
(0. 1 mol/L, pH7.4) F#FpjEFRURIA (FEHS
A 0.5 mg/mL), YKIE ENA HK-1 (2R E N
1 pmol/L, JWARZR PR 4 <1% ) J57E
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37 CHUMH 5 min, HIA NADPH %/ &5 (A Wi
M B W T rkiE LG R A 45 ) g sh i, 7E
37 CKBIRG e habgiiiEE 0, 1, 2, 3, 5, 10,
20 min Ji7, SEEIHIA 400 pl & K#EH (300 ng/ml)
(R VK FP B AR ROV, RE 3min, B0 (4 C,
13 000 r/min) 15 min, B FIEW S pL #E4E
2.3 HK-1 £ RLM ¥ &9 R# A RHFR  HIEHE
BGRB[0 v
o FE IR AR F I A ] FFROR AR B 1 5
W (0.1 ~0.7 mg/mL) FI & 5 ¥ & #Y HK-1
(0.1, 0.5, 1,2, 5,15 pmol/L), [ LW E
5 min, Fill HK-1 A4k B

KA MR E: . ) RLM 54 CYP450 7]
TR SR A HK-1 2R ey, 3 3 0 5 4540
HlFI HK-1 AR 52, %4825 HK-1 AR
FF CYP i, SZU4l: 7E4 100 mmol/L K,HPO,
P (pH7.4), FEHEFA RN 0.5 mg/mL RLM
B RZ T, A HK-1 (Z9EHR 1 pmol/L)

I pmol/L), TCP (CYP2C R, 25 pmol/L) |
QND ( CYP2D #1 #| #I, 10 wmol/L ) . DDTC
(CYP2E1 #4151, 50 pmol/L) . KCZ (CYP3A m
HI, 1 pmol/L) M 4l 390 e B 2 LA HE X CYP
Mg B B (1C,,) sl w4 (K) fH,
TR PR A 05 0 BE B R KA BB 1 AR B e 45
gylet o HAbIRE &S “2.27 WiAHE. A
B R A R IR MEXT B2 (AN NADPH A1 il
) FIGEA R 4 BT BRZE (A )
s . BHYAT3 0.

2.4 FIEAIE M HK-1 7E&F0E I ok Ay
R e Mk 5, % HK-1 59 % B ik A
100% , 4515 5] 15 9 3 15 22 I e JEE AH LU A5 900 4% 1 4%
o BT SEPF 4 E 50 B AR ECS S
IRl PR R, SRAGRER (k), B (1) K15
HK-1 7545 ol J3 ST WORE T i T B2 330 1,
(2). (3). (4). (5) HEJHFHEPCE ER, A
IR EA RS CL,,, RN EAERRRCL,,, S

H% B 5 5 0 B AL AN (CYPIAZ §0 0 #, ok CLy.
Mok = 93 (1)
v R L (min - kg) '] ,
P = it Ll (i - ) ] (2)
e e SN 0. 693 . W%ﬁﬁxﬁl(m]ﬁ

AR = St sei (min) P RORLIA T B (me) &

e 0,693 WEEMEUmL) | BEERL(g) | BERCAS R (me)
PR = e oy (min) * IF ORI R ()~ R (ke) APk (g) )
i < PR L Cmin + k)« DEISFEA 1R ml (min - kg) ] )

JFF i [ mL/ (min - kg) ™' ]+ AR AR mL/ (min - kg) ™ ]

Hrp Ao REL g R . AR DGR AL
ZHRCIN N B B R/ BT A [ Liver (g) / BW
(kg) ] ZF%Ik 22, 40, 33, 33 f187.5; JFisckifk
St/ Pt [ Microsomes (mg) / Liver (g)] M
45; JFamm s (Q) 43l i 20, 66, 44, 38,
90 mL/(min - kg) o

TEARBERALRGR D, AR IAE bR R R 2
PIre SR A b AR R, IR = (1 - 5250
AR AR/ B M FRAE AR S AT 32) x 100% =
(1= (BIMEXS RRAVR T — SCa A AE R R ) /
(IR B 20 ok B — B XS BRI R i B2 ) ] x
100% (B BHPEXS BRAE I3 0) o SRH] Graphpad
prism 5.0, EXCEL &b PR 4 Ffil &, H SPSS sta-
tistics 17. 0 GE 4040 Bodls #4777 22 0 B (ANO-
VA), P<0.05 BAHZAHBIEBA S5 L,
3 WHER

3.1 FEFHiE
3011 L@EPERAE  $e <237 TR &M, Ak
2 RS OB 2S FRRE A o R IOk A4 o Jm
Bl HK-1 FR o RORE fib DA RS2 56 FF R A T 7 R
wh, AT LC-MS 43#7, 562 AT IE e, HK-1
SN R Bk B B 8, s R4 HAE
HK-1 FlPA AR B By 04 45 B2 15 E] 1. 68 min, 2. 83 min
Ab, mEARITE (KE2), SRS BA
T HK-1 90, %ok & E it R AT
3.1.2 RMESHEEMELE T IE oA T
ANZRYVH BE R HK-1 AR, BLE RS 5. 10,
50, 100, 500, 1 000, 2 000 ng/mL HK-1 1 13
KARZRBNFE G, #E47T LC-MS 4341l . ¥ 5
bR B TR AR LG S5 A 25 ) vk BEA A T H 3K
5 HK-1 a9 5 F2k Y =0.002 6X +0.051 1, r° =
0.9953, HALMIEFE N S5 ~2 000 ng/mL, 7351
725
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1 2
JL C
T T T T
0.00 1.00 2.00 3.00
t/min

B2 =aMRtEER (A), RigFRHEKm HK1
(1) fMARAER (2) WB&E (B), HK-1 f1QR

A EBAF RN AR EM (C) UPLC B
Fig.2 UPLC chromatograms of blank liver incubation
(A), liver microsome spiked with HK-1 (1) and
IS (2) (B) and incubation sample of HK-1 (C)

Hil 5, 2.5, 1 ng/mL S IERE, ARE(E M L
S/N=10, S/N=3 15 3| £ il 5 PR 55 AR A I B
A5 5. 2.5 ng/mL,

3.1.3  MEWREE SAEEENE TR ROk
A HK-LAIG e & 3 A BT v bR, s
15, 500, 1 600 ng/mL ff) HK-1 JR¥EHES:, AR
EUREERE S TAT 5 Ay, SEREST, TS BT
SRR 0 DS R PR ERG R . R 451% R 9 R
PEREMOT LR 3 d, A HN., HEK®%E,
FHARRS BR (R 22 (RSD% ) Fas (£ 1), ik
AIAL, HEICR K 95.19% ~101.87% , 7F 85% ~
115% JEEN; HNKSE 8 3.25% ~7.04% , H
[RGB g 4. 08% ~9.76% , H/NT 15% , M
VT 1R B B B MR P RS 2

&1 HK1NEWEHRESHEZE (n=5)

Tab.1 Recovery and precision of HK-1 measurement (n =

5)
ISR R, TR H o B/ W/
(ng-mL~") (ng-mL™") RSD% %

H Pk i

15 15.28 + 1.08 7.04 101. 87
500 475.94 +24. 65 5.18 95.19
1 600 1 547.96 +50. 31 3.25 96.75
H 181 % B2

15 15.21 + 1.48 9.76 101. 38
500 483.40 +34. 13 7.06 96. 68
1 600 1537.71 +62.74 4.08 96. 11
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3.1.4 LN FEE FRORRKE E, Hil A
15, 500, 1600 ng/mL [y HK-1 JFHERER, RN
S AR ) 5 vk B 11 HK-1 % B8 e, 47 LC-
MS S Hril s i AL 4 o A Fi B, RN 2%
NN =A/B x100% , FEFHMEHIE N = (1 - A/B) x
100% . 3 5 10 4 %k 2.79% ~ 4.21% , /NTF
15% , FRUFZARI; I ICEL TR0

3.2 HK-1 &A% B AT fkaik b ag Rt 2 il
HK-1 7EN . KR R AN RURF GO A4 o i &
B AU Rl 4 A B £ (B 3A) mIl, HK-1
FEZ S AT I GoR (A b A e B S AR . K HK-
1 FIAE 43500 B AR XS 0% 8 o ) 28 48 1] 1
(Kl 3B) w45, HK-1 7% 4% Fl @ I ioki ik b 0 ~
5 mind 2 R R,

KR =A R

100 K IR
£ 804
z
iz 60
% 40
R
20
0 ] T T U L}
0 5 10 15 20 25
% B I [R) /min
AN I 1) 5 R 00 AR 1 v %
(IR W—

Lo(JEPIFRE 55/ %)

5% F B [)/min
B J AR 2 B0 B AR B0 59 7 I I R R
E3 HK-1 (1 pmol/L) A, KR, K. . NEAF
HuEPRBERBERL (EAEEENAN
0.5 mg/mL)
Fig.3 Metabolism of HK-1 (1 pmol/L) in human,
rat, Beagle dog, monkey and mouse liver micro-

somes ( protein concentration of 0. 5 mg/mL)

TEN. KRG R BEAVINSUF SR A e A 26 [m]
IR R Y = —0.076 7X —0.001 0, r* =0.967 9;
Y= -0.09%1X -0.018 6, r» =0.984 5; Y = -
0.319 6X-0.1575, *=0.962 3; Y= —0.140 3X
~0.021 8, » =0.995 6; ¥ = - 0.038 3X -
0.047 3, r* =0.815 5, HARWIEh IS5 %2,
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&2 HK-1 EZHEFRAEFRBEREENESR

Tab. 2 In vitro metabolic stability parameters of HK-1 in human, rat, Beagle dog, monkey and mouse liver microsomes

28 AL A g S I3 /N
L min 9. 04 7.36 2.17 4.94 18. 09
CLiy mL- ( min-mg protein) ! 153. 40 188. 20 639. 02 280. 60 76. 60
CL;, mL- (min-kg) ~' 151.87 338.76 949. 21 416. 69 301. 61
CLy mL+ (min-kg) ~! 17. 67 55.24 42.05 34.82 69. 32
ER — 0. 88 0. 84 0.96 0.92 0.77

HK-1 7EA . REL R AN S AR s
ORAR R AR B, 3 1), <20 min, HAE
NN BRSOk A4 b AR 18 AR T, 1y, 5300 R
9. 04 min f17.36 min, ER 43357 0.88 F10. 84, Tfii
FER . MEFIN B SORL A4 o i) 2 AR 30 g 22 S 4k
ty,+ CL, . CL,,. CL,. ER 5 AMAHZER K,

3.3 HK-1 AKX RAFmEKRPRGFEDGHZT  H
TRV SRR AR EE | IR E 5 SO
FAEE AT, HK-1 78 BT SOoRA b i AR 357 Br
FURAE 0. 1 ~0.7 mg/mL £ [ o 2 v B2 31 B A g 2k

801
& 604
Ey
R
M 404 .
&
s
‘L& 20 )
0 T T T 1
0.0 0.2 04 0.6 0.8
| H KB/ (mg-mL)
ABAFRRKRESER

PEAEE, #E0.1 ~5 pmol/L IS4k B 1Bl P i 2 v
G, %R H] HK-1 ARt mns A (145 6 %,
AP HK-1 MR BEDD 1 pmol/L, R BRF-foR: 14 25
R E R 0.5 mg/mL, WG HHEH 5 min #H47
REFFRASLYS . LA Eadie-Hofstee £ &3 XA [A] IR 4
W BE (AR S REAT HRgE, DA S 3R X s o 3 R
IR (o-0/[S]) RS Jieith k8, 2
AR “hooked” FEIE, M HK-1 AN 1k —Ff
BT AR W4 ~5,

— 0.4

£ 034 2 - »

=

2

< 0.2

g

g 0.1

'E‘ o

X 00 r " ; ,

0 5 10 15 20

JEPIH E/(umol - L)
BJEYIWR E %5

El4 Bk E B RERERERYREX HK-1 KR 200

Fig. 4 Effects of concentrations of protein and substrate on the metabolism of HK-1

0.49

0.34

0.24

0.1

J% B ZR /[umol -(L-min-mg)™]

0.0

il T T T 1
0.00 0.05 0.10 0.15 0.20

I N 2R/ JE YU B /(min-mg protein)

A B )1

100 ,
w
80 %*
£ 604
M *
E
& 404
20+
0
Yo N R
\Y’ Qq’ Qq’ rf() Q"}Vv 1
PAONEF AL 4_\4‘3
\4
B AR A %5

& SRHMEX IR e, * P <0.01
5 HK-1 72K REFRURHE 1810 Eadie-Hofstee 57715 i 2 1 4 i 52 14640 50 70 X A BT ORI A AR 188 HK-1 B840
Fig. 5 Eadie-Hofstee curves of metabolism of the HK-1 in RLM and the inhibition of selective CYP inhibitors on HK-1

metabolism in RLM
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A ZEA 0 b, A [R] R 50 BE X CYP450
()45 6] TR = A e S e i, DA nT Dt e = 5
4IRS E CYP4A50 FE I 1 7 % HK-
1 7E R B SRORE AR i AT 9 52 e DL 181 5B, 5 BHAME:
XTHRZH (HfIZEH 0) AHLL, ANF (CYP1A2 1l
%) . TCP (CYP2C #41%]) . DDTC ( CYP2EL #j
) ReR @ I HK-1 78 RLM bR (P <
0.01), QND (CYP2D #il5) #1 KCZ ( CYP3A
PR X HK-1 %A B B /ERH (P >0.05),
FH] CYP2EL, CYP2C Fi1 CYP1A2 2414 HK-1 1
TR, W CYP2D, CYP3A %4 W E 55 HK-1

LA
4 g

JEANE R EE g h 2, HK-1 ZREAhh
PR AN Z—, 15T HARIMC I A W%
i, ARSEE ST TR BURF ok f4 B HK-1 (% UPLC-
MS/MS 5 J7 i, HEJmPE, etk HEwh B A
5 3 D K TSN A A R S D e R . FR
JH SOk A AR B 1k S 9 5 S mT |, HK-1 76 A
KEL K BERVINR S AR08 I Rok A b 251 HR
P, RUEMEARLE, HAPE R/ > A > K
B> M > K BFRORAR g BRI R > > KR >
AN >/NEG IRIRTEBR RS R > > KE > /MR >
N5 HFEBRFA/NR > KE > K> > A JFRIK
MR > HE> N> KR > /M. HK-T7EA, KR
RV PR A H (10 JHFT75 [k 23645 45 T8 o IO 1) L 7
EET, 2 HK-1 HAA RS FRECE (0,84 ~
0.96) ™ fRighfa e P L 45 F s s, HK-1 78
N BB A A S A, RN 2 A
P ATE PR 25 AR, R0 I AR TSI 6 5 4 4
G R 25 245 ZEmt, B BARh R A 25 52

2 AR R R IE 5 S 43 T 24 0 A Tl R £ g
A AE I ) B 2B, HK-1 76 KRR B0k 1k 42
RS, AR T SR AR R AR R T S 40 &5 SR
BRI | YR 5 W8, i B
FERF B[R] 2R 5 vk B RIS P ¥R B . Eadie-
Hofstee 1E 7L/ 8] — B B A9 “hooked” K, #
A AE R BRI R h 2 5 HK-1 A9 AR A 1k —
Ao T H AR ZA R 3R B a5 SR T, AR K BRI ROk
R R HK-1 7 B 7] g8 &7 CYP2E1, CYP2C,
CYP1A2, ffij CYP2D, CYP3A %} HK-1 ¥ 45 BH &
PARCIEE o HK-1 (2 F g, 0K BT
AR P9 — T 075 S o T O™ AN )RR
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B RS o fH R @ A 5] 17 1T BE 30 CYP450 [
SHBMARA 2SR, AR W R AN
LA B 4 B R AT U E A b B, X HK-1 AT
TRA AR AL B 5T

S 3Lk
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