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PSO TIPSO Rk M FIER R - Z57& /- W A vh
24 S RN W RS BT RIS T TR TR L S-
For R VP75 B 56 [ Sigma 24 ] 5 X Mk
FAHE (FMRETR ) 4-F2 L ORRE T ik 4-52 58 0%
PR A MERE AT 17 5 DK Gk e B Y I [ S5 [E BD
Gentest /> 1 ; CYPIA2 ,CYP2C9 ,CYP2C19 . CYP2D6
FCYP3A4 A0 0] ou-Z5% 2T |l e 4 bt e | sz
R 2 e T Mm% CYPLA Fl CYP3A
(1 BE P75 ) 3-FP I BRI 2R 2 L 2 40 - Sigma
oAl WHEER A s e, W A 3 Fisher A H],
HoA a0 Ay 43 B 48

50 NIRA FRORIR (R & & 20 g+ L7 it 5
34689) 14 [ 2 [E] BD Gentest /23w, 20 HEfEE: SD Kk
BRI A OB S0 2 [ 4, B & 610 gL'
NADPH ¥4 [ %1 Roche /37, Agilent 6410B & Bk
FHAX F1 ZORBAX SB-C, 8 3% % (2.1 mm x50 mm,
3.5 wm) K 3EE Agilent 23 F] P75
1.2 ¥

HEPE SD KB, M4 200 ~240 g, i 5 pE2%
BRezpesc g sy b d2 4t sh ¥ & 481k . SCXK-
(%£)2007-004 ,

1.3 KRIFERMEMHN S BENESF

FIBRSCHR[ 9 | R I 200 Ui v 43 15 3R A% K B
JEARAINE, LA =G el 3Rk OB R B gk
1500 I A R A
1.4 LC-MS/MS EE# CYP R £t K ¥ a4 15
7=

BRI A A A 0. 1% W R T iR B
5 mmol - L™, B A 0.1% HRIN LI . elish
FEFEF4130%B (0 min) ,95% B(0.5 ~1.5 min) ,30% B
(1.8 ~2.5 min) ,i&{TH[E]2. 5 min, J50. 3 ml-min ',
PIBR A ERIR S 2515/ 100 pg-L~'

[ 25 A% LA EST i IE 25 MRM Jy A, E40
L 300°C , BANAT HLIE +4000 V, fiffifE N 120 V,
A Py BRI B X AN R 1 R
1.5 PSO #0 IPSO 7= AFIKERFFHRAL A IC,, HIMZE

JFE R F N 200 pl (4 K,HPO,/KH, PO, 22 il
0.05 mol-L™"(pH 7. 4), &4 AUk & ( human
live microsomes, HLM ) 8% K R AcRAA (rat liver mi-
crosomes, RLM) (2 ¥ Fif 0.2 ¢-L™" ), NADPH
1 mmol-L™", 57 4 24 4 =k BH o4 410 1 7], CYP1A2,
CYP2C9, CYP2C19, CYP2D6 1 CYP3A4 [ ¥R 4] JiE
PIAEARPE T 50 pmol -L ™", FAZERA THK 120 pumol -1 7",

Tab.1 LC-MS/MS MRM transition and CYP probe me-
tabolites

Enzyme Metabolite MS selected ions
CYP1A2 paracetamol 152.1/110.1
CYP2C9 4-hydroxytolbutamide 287.0/171.1
CYP2C19  4-hydroxy mephenytoin  235.2/150. 1
CYP2D6 dextrorphan 258.2/157.1
CYP3A4 1’-midazolam 342.1/324.1

Analysis of CYP probe metabolites was performed on HPLC-MS/MS. The
internal standard was propranolol 100 pg-L~'. Their linear range is all

1-1000 pg-L~".
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100 pmol - L™ 5 AN il 7 - 258500 ( CYPLA2) (252
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1.6 PSO #n IPSO 33 K R AT R R A CYP EgHYiH
SHNE
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50 p,mol-Lf1 o
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2.1 CYP ER$TEW R 8 7= i HPLC-MS/MS
il 75 A B iE

JHGORLAAR FI 20 B 5 52 W i ) B A T4
A= 9 i kI, A& AR P R o 1~
1000 pg L™,/ {HIH KT 0. 995 3 i I 2 i 41K 3
AN B ST R i AL PRI (] AR G A 9 22 (RSD) A
AN 22 (RE) PP 5 725 FRAE 4% B R Aff B, 451 Qi
FEYIHIHE RSD <8. 4% , #it[a] RSD < 12. 8% ; #it Y
RE 78 - 2. 68% ~17.37% ,4lt[6 RE -6.47% ~
9.58% ; IS > 81. 6% . Fr gkl 5 L 45 G
2.2 PSO #0 IPSO x§ CYP Eg# & iF 0

CYP ¢ S5 00 18] 5511 35 i J 35 b 41 i) CYPLA2,
CYP2C9, CYP2C19, CYP2D6 Fil CYP3A4 )35 M,
P30 o i b £ 2 BB AR 9 45 S TR HRAE, 20158 P
1B 1C, (EAFA 2% SCHRVE 1, 2690 BT 9 52 36
R ZAT LA 2 CYP BRI E PE PFAN 2R

i PSO F1 IPSO 100 wmol « L ™' %} HLM 1 5 Ff
CYP [a] & PRI 28 (4 2) AT L, PSO #1 IPSO
100 wmol - L™" % CYPLA2 (41 i %5 % ) 100% , X}
CYP2C19 1 CYP2D6 [ 41 | % K F 80% ; Ti X
CYP2C9 1 CYP3A4 [l 24 50% , $ il 4/ FH 4
55, W 1C, fERKF7E 100 pumol - L™ B /& .

V860 % T T P X R 5 o v B A 81, 45 31 PSO
FIPSO X} CYP [m] TR HI M2k, LA CYPLA2 JfX,
FHMHIHIZE WL 1(A,B) o Hy S0l it 415515 2
B ICs, (H (2 3) o e H g CYP g il 590 58 B2 4
RN IC, < 1 pmol + L™ KI5, 1 < ICy, <
10 umol-L_'ﬂﬂ$%§§§ﬁﬂ%ﬂﬁlj,lc5o > 10 ;,unol-L_1
“hy 55 H0 A 59 o B, 7 HLM o PSO 1 IPSO 1 2y

Tab.2 Inhibitory effect of psoralen( PSO) and isopsoralen( IPSO) on human liver microsomes (HLM) CYP isoenzymes

Inhibitory rate/%

Drug

CYP1A2 CYP2C9 CYP2C19 CYP2D6 CYP3A4
PSO 100 =0 55.7+4.3 94.3 +0.8 91.9+0.2 20.1+3.6
IPSO 100 £0 55.1+2.1 94.7+0.6 93.5+0.8 33.8+2.9

PSO and TIPSO 100 wmol+L =" were mixed separately with human liver microsomes ( protein content 0.2 g-1.7') and CYP probe substrates ( phenacetin,
tolbutamide , S-mephenytoin, dextromethorphan, midazolam for CYP1A2, CYP2C9, CYP2C19, CYP2D6 and CYP3A4, respectively) in K, HPO,/
KH, PO, buffer 0.05 mol-L~"(pH 7.4). The mixture was pre-warmed at 37°C for 5 min and then added with NADPH 1 mmol-L " to start the reaction.
After 30 min incubation at 37°C , the reaction was stopped by addition of 200 !l methanol-acetonitrile (1:1) containing propranolol (internal standard)
100 wg-L~". The remaining activities of the CYP isoforms were determined by analyzing the formation of the corresponding probe metabolites with a
HPLC-MS/MS method. The inhibitory rate was calculated by the equation E, (% ) = c¢;(,)/¢;o) X 100%. A negative control group (without testing drugs
and known inhibitors) and corresponding positive control groups (with known CYP isoform inhibitors) were tested in parallel with the test groups. x £,

n=3.
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CYPLA2 {4 5 4 il 5, 1Cs, {H 23 5] & 0. 17 A
0.13 pmol - L~ ; [A]if PSO A1 IPSO J& CYP2D6 fyrf 45
FREEHNH 3, 1Co, fH 4> 3124 3.59 F19.51 wmol -L7';
PSO FIIPSOXf CYP3A4 1 CYP2C9 [ ICy, fl ¥4 K T
100 wmol - L.™" FEIG PR 1772 it 25 B i /F FA 1) 7T g
P % /e XF T CYP2C19, H 4% PSO FI IPSO
100 pmol - L™ BRI AT 90% , (HASIF]VR JEE 1y 40 il

LR ARREPAFAERYZE R, TG 1G5 fH
Tab.3 IC,, of PSO and IPSO on HLM CYP isoenzymes
ICyy/ pumol + L™
Drug
CYP1A2 CYP2D6
PSO 0.17 3.59
IPSO 0.13 9.51

PSO and IPSO 0.0015, 0.005, 0.015, 0.05, 0.15, 0.5, 1.5, 5, 15,
50 or 100 wmol - L ™' were incubated with human liver microsomes
(0.2 g-L™") and corresponding probe substrates. See Tab. 2 for the in-
cubation system and procedure. ICs, value for each CYP isoforms tested
was obtained from the Sigma plot of remaining CYP activity vs logarithm
concentration of the PSO or IPSO.

AWFFRAE RLM BEE R 2 i DL i [m) Tl 5
PN FEM T PSO i1 IPSO % RLM CYP1A2,2D2 Fi
3AL/2 B HIVE R o AT B 0 BH 4 1] 500 2
257, RLM i JLAS CYP [w] il (04 335 P 1E 5
PSO A1 IPSO 100 wmol - L ™" Xt K i CYP [i] T B M 1)
R34 Fi%. PSO il IPSO % RLM CYP1A2 )

A F] 100% ,%F CYP3AL/2 Fig A5 2 iy 4 i
YR, 75 RLM B & 1K £, PSO H1 IPSO %f CYP2D2
A AL 50 h 36. 4% F1 60. 6%

H1 PSO 1 IPSO % L CYPIA2 1 101 ] fy £& ]
1C 1 D 31534535 1C, . 7€ RLM 1, PSO Al IPSO
WRILA CYPIA2 [R5, 1G5 (653514 0. 47 F
0. 36 umol - L', PSO FI IPSO %f CYP3A1/2 Fi
CYP2D2 1 IC5, {44 > 100 mol - L ™", 7 A= 1 g1
il A AT RETERL/ N

Tab.4 Inhibitory effect of PSO and IPSO on rat liver mi-
crosomes (RLM) CYP isoenzymes

Inhibitory rate/%

Drug

CYP1A2 CYP2D2 CYP3A1/2
PSO 100 £0 36.4+3.9 38.1+2.8
IPSO 100 £0 60.6 +4.5 43.0+1.0

See Tab. 2 for the experimental procedure, except using RLM to replace
HLM and the activities of CYP isoforms were measured for CYP1A2, 2D2
and 3A1/2 only. x £s, n=3.

2.3 PSO #1 IPSO 3t CYP Egiff SiE M4
CYP1A F1 CYP3A 1 B4 3755 51 3-H 5E iH 80 A0
AREHZES = HIE 7 Je OB B A 20 i
7 3 d J5¥Re A AR TR, 5 A
A39A 4,01 1 3. 24 5650E T A5 i K BUH- 20 it
B SRR A 47, PSOFITPSO 1 ~ 100 pmol « L™

1007 A 1007 B o
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Fig.1 Inhibitory effect of PSO and IPSO on CYP1A2 of HLM (A and B) and RLM (C and D). See Tab. 2 for the incubation

system and procedure.
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R R BT AR CYPLA 15k R
JRPIAEABYE T 100 pmol « L™ AR 35 7 1) 1) 26 JiL ik 2
AT LC-MS/MS #6101y 2 5 BIR , 5 JFAwiohr 4 47 o] 51
B 25 ALY

3 5 frzs, PSO A1 IPSO 100 wmol - L' 5 iF 4
MIBEE 3 d JEREds CYP3A A& M43 $E = 1. 18 Al
0.96 1%, PSO 1 IPSO 5| 2 (1) i 1 14 vle 48 ¥ 6 3 FH
PEXTHRZH 1 40% ., 1 PSO F11PSO 1 ~10 wmol - L~
ARHED | S S VY 2 2B .l e R] e, PSO A
IPSOTE#R fry e BEXT CYP3A A — & 1 S AE A -

Tab.5
RLM

Induction effect of PSO and IPSO on CYP3A in

Concentration of .
Fold vs negative

Group probe melai)lolile/ control E./%
mg-L
NC 55.7+0.8 1 -
pPC 180.3 1.9 3.24 100
PSO 1 33.3+3.0 0.60 -17.86
10 58.0+3.7 1.04 1.79
100 121.8 £2.3 2.18 52.68
IPSO 1 28.4+1.0 0.51 -21.88
10 61.3+4.4 1.10 4.46
100 108.9 +9.8 1.96 42.86

PSO and IPSO were incubated with sandwich-cultured primary rat hepato-
cytes for 72 h. Percentage of control activity was calculated with equation
E, = (¢prug = CControt )/ ( CPositive control ~ CConrot ) X 100% . NC: negative

control; PC: positive control, x +s, n=3.

3 g

ABFFEFEM T PSO F1 IPSO Xif 5 4~ F2 32 CYP fiff
ARG P, 31X 5 A4~ CYP BT T 29 90% It IR 254
AL, S 25 A B A R g R . FEfE
SMNBEE R Z  PSO F1 TPSO of A 1K BRIk 14 i
CYPLA2 ¥R 80 2 ZU A il £ F , 1C, fE 2/ F
1 wmol-L™", A2 CYPIA2 FHAEM ik, Hié &
255 B CYP 4L & 219 13% , UK F CYP3A
M CYP2C 505 . TE RN CYPIA2 22 5 1483k Hk
MNME R 2225 L AR X 2 o 28 B M L 20 AR Rk |
il 301 PR K W 45 20 2 25 ARG AL
AWFFREER SR, 2 PSO il IPSO 5k 254 & H
B, FEAE CYPLA2 JFI ] (1 245 - 25 R0 BLAE RS o It
Ah, 2% CYP2D6 A CYP2C19 s 35 B H — 5 1y 411
HlvER

BT CYP3A F1 2C KK 5T /& PXR 2K {E
1L FEUY, CYPIA 97 S i ARR 321K A 5 T

CYP2D il i A9k 5 5, AW 5E i % CYPLA I
3A VRN EEE TS PR X SR, 7R U4 &
BRI ) PSO 1 IPSO fEi% S CYP3AL/2 fiff, X 5
/INERE B2 IR 9 24 )5 R 75 I IE CYP3ALT g7 14
AR A5 . 51 FDA 45 S Jrn) eyt
WERAFE RV 45 R R Zi 2% CYP3A 515 3 4E
FH L U0RE 3 — 5 18 1R 9 BF 98 o % g5 % CYP2C Al
CYP2B 5 S AE . WL, A L ELEH — L1
WS T4 PSO F1 1PSO Xf CYP2C [A] T 1Y% S
YER .

K 7 FH I P 0 A SR P 28 0, X 5
FDA $5 5 5 S HEAE M B0 S PR VP40 T, AR
BEE SN Ik —" s X — R A T
HAEM A DI REM AR , L HE B T 25 W i o 55
CYP XS PRS2 00, v LA T REAG 40 ) 2% 5 59
i A S, PRI A A Tl 4 1 1 e 8 A BB A I R 1 3%
B X A B s A 25 YE BRI R . (HAE B
BRI X — T EAEEA R, Y2 XT CYP fiff
AR AP RIAE B, 4G AT e 25 0 i 175 08
RET L 7E A B K BUIE 40 Y S2 56 b, 24 PSO Al
IPSOFELESE TN 3 d J5 , WA B B 14 CYP1A2
BTSRRI HRIE . R, PSO A1 IPSO Xf CYPLA2
P75 08 BB A 5 B3 3 F — 25 I 5 mRNA 7K P 5%
KRR AR A E o

CYP [l & 2= T E A L aE' . R
CYP [ 2 5 1 1 Jir A5 1l % 2L A o B DR~ 11 4
PR BR L DX I8, (EF i Z M 7E CYP BRI S 5L R T )
AN 22 5 X BN AR AL BE S SIS P AR
SRS LB ESR . EAMKRZ
], BT CYPLA2 A 4wy 1 [R]UEAE S , HoAth it 11 53
M RIRFE AR ZES, Rl & CYP2C fiff,
FEARDFFERY RLM % 5 {K & v, PSO il IPSO X K B
CYP2D2 il 24 5353 A 36. 4% F 60. 6% , B i
fIKFHXF HLM CYP2D6 5P 3 il 7 H , 3X 7T B e
K24 CYP2D 72 N FIR B2 0] A i s 25 5 BT 3
I, BEH AN S A A S E 38 B LT R A
BE , NFFAORLAAR S 20 it (4 BF 53 285 31 T A4S 3] 5
R PRS- Y 1 S

ZE LTI ARSI T PSR A R AL
B3 PSO FI IPSO (g B FRi75 53 1, 45 R B
PSO #1 IPSO 2 CYP1A2 {33413 &% CYP2D6 [y
FR 254 4] )5 PSO A1 PISO 100 wmol » L™" % K Bl
CYP3AL/2 47 — 5E W% S 1E Fl. PSO Al IPSO X}
CYP [ %175 5 v] g 7™ A5 1 AH B A A B L IR
B3 P — 25 A T S s R
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Evaluation of cytochrome P450 inhibition and induction by psoralen
and isopsoralen in vitro

ZHONG Yu-huan'?, SHEN Guo-lin®, YUAN Mei*, LIU Wan-hui', LI Hua’
(1. School of Pharmacy, Yantai University, Yantai 265300, China; 2. Institute of Pharmacology
and Toxicology, Academy of Military Medical Sciences, Beijing 100850, China)

Abstract; OBJECTIVE To evaluate inhibitory and inductory activities of psoralen ( PSO)
and isopsoralen (IPSO) on cytochrome P450 ( CYP) isoforms. METHODS PSO or IPSO was in-
cubated with human liver microsomes ( HLM) or rat liver microsomes ( RLM) for 30 min in the
presence of NADPH and CYP probe substrates for CYP1A2, CYP2C9, CYP2C19, CYP2D6 and
CYP3A4. Phenacetin-O-deethylation, tolbutamide methyl hydroxylation, mephenytoin 4-hydroxyl-
ation, dextromethorphan-0-demethylation and midazolam 1'-hydroxylation were used as marked re-

actions to measure enzyme activities. The relative activities of CYP isoforms were determined by ana-
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lyzing the formation of the probe metabolites in the incubation system. ICs, was calculated to assess
the inhibitory potency of PSO and IPSO on these CYP isoenzymes. To evaluate CYP induction
effect, PSO, TIPSO or known CYP inducers were incubated with sandwich-cultured rat hepatocytes
for 72 h, followed by 1 h incubation of the hepatocytes with CYP1 A or 3A substrates to measure the
relative activities of CYP isoforms. The enzyme activities in PSO and IPSO groups were compared
with those of known inducers to assess the induction potentials. RESULTS PSO and IPSO showed
a strong inhibitory activity on CYP1A2 in both HLM and RLM incubations in vitro. 1Cy, of PSO and
IPSO in HLM was 0. 17 and 0. 13 wmol-L™", 0.47 and 0.36 wmol-L ™" in RLM, respectively. A
moderate inhibitory activity of PSO and IPSO on CYP2D6 in HLM was also observed, with ICy, of
3.59 and 9.51 wmol-L"~". PSO and IPSO 100 pmol + L™" demonstrated inductory activity on rat
CYP3A. After incubation with rat hepatocytes for 72 h, PSO and IPSO increased CYP3A activity
1.18 and 0. 96 times, respectively. CONCLUSION PSO and IPSO are strong inhibitors of
CYP1A2 but moderate inhibitors for CYP2D6. They also show induction potency on rat CYP3A.
Key words: psoralens; isopsoralen; cytochromes; drug interactions; microsomes, liver
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