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Inhibitory mechanism of tetrahydropalmatine enantiomers on cytochrome P450
in human liver microsomes
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Abstract: Objective To investigate the inhibition of tetrahydropalmatine (THP) enantiomers on main cytochrome P450 (CYP450) in
human liver microsomes and the mechanism. Methods The effects of (—)-THP and (+)-THP on the activies of main phase | metabolic
enzymes in human liver microsomes, CYP1A2, CYP2C9, CYP2C19, CYP3A1l, CYP2EL, and CYP2D6 were investigated using
Cocktail probe drugs method; The effect of preincubation with (=)-THP on the CYP2D6 substrate dextromethorphan demethylation
activity in human liver microsomes were investigated using a two-step incubation scheme and study its inhibitory mechanism was
studied; The enzyme inhibitory kinetic parameters of CYP2D6 by (—)-THP were investigated using time-dependent incubation with
human liver microsomes. Results The inhibitory effect of (+)-THP on CYP450 subtype was not significant, while.CYP2D6 activity
was significantly inhibited by (—)-THP (ICs, = 0.46 pmol/L). The value of ICs, preincubation with or without NADPH were 2.40 and
0.46 umol/L, respectively, ICs (nappH/ ICso +) nappr = 5.22. And the enzyme inhibitory Kinetic parameters of K; and Kjq,: Were 0.690
umol/L and 0.084 6 min?, respectively. Conclusion (-)-THP has a strong inhibition on CYP2D6, and the type of inhibition is
mechanism-based inhibiton (MBI), which should indicate a potential metabolic drug-drug interaction mediated by (—)-THP in clinical
application.
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A it {4, 2% P4A50 (cytochrome P450, CYP450) fiff
SEHFAR P SR | 25 QU e AN B Py E
YR A A RE R 15 25 2 . CYP450
T I A 4 T B S 2 LA P 2 1 2 R0 T
2y aetl. 9B 3 FhHLEIAE CYP450 i
B Al Creversible inhibition) &4
4% (mechanism-based inhibition, MBI1) Fl1i% S
Cinduction) ™, MBI 24525125 CYP450 B L
AR =1, 1ZAR )5 CYPA50 B KGO
gy, MM CYPAS0 Bt A, it MBI A
S0 2 MR B i KA TR ] CYPAS0 BT
P, nIRED ™ E K 242 BAE R (drug-drug
interaction, DDI) B, P ILJET- MBI (¥ 24 B 25
TR SLHL I 50 B 1 15000 25 W A5 4R Py ¥ E 1)
DDI, X122 i 43 S HL A & B 5 L A

YEHHE £, % (tetrahydropalmatine, THP) &%
SERIZ AR RUREYEIHZR Corydalis yanhusuo W.
T. Wang [ = SRRy, HoA B IEUN . B,
IR POLHRSH . PUMES s E Y, THP 45
Y A B R GT g o Sl 3 TN E 2o e e ST R e
THP 7 &k —AFrErl, 4 LR
2. % [ (-)-tetrahydropalmatine, (-)-THP] Fl45 Jig it
& 4% [ (+)-tetrahydropalmatine, (+)-THP ],
T2 L A P [ R R Ay 1 2 T A ) T
PEDCECRN 21U T R ARG FAE A, R 3%
PR T B B, AT SO ik 25 ) 7
W2 e e, RS RAAEREE ES. W
THP X AA I 2585 HEASA] ], (-)-THP FH
WA RGN 2 DIEZAR, (+)-THP Wk
% Bz ARFE 5, L (-)-THP Lk (+)-THP 1k
JEHE M, ()-THP X4 %, A RIFHIL
SVEH, CIEIRRRH 40 2402 AT w9 £ W],
T (5)-THP XX #2 R L0 2 T 2 AR B
WifE R, AT LU T 2, w2
X HAR IR AT S V0, 17 Bh TR %4 F 3k
HHHY.

£ THP AR BT 5 U5 1, THP XFE 41 A
CYP2D6 A7 8y ity il /£ FH [ 1Cso A (3.04£0.26)
umol/L], XfE41 AN CYP3A4 A5 & [Hikilf H]
[ICso b (41.5+3.8) pmol/L] M, K ELi#E4E ig THP
(100 mg/kg) 7d J&, THP X+ CYP1A2 [# s A0
HIVEH, % CYP3A4. CYP2EL Il CYP2CY FgiH A

FSEM, T THP iAo SR S AR AT
He f THP ORF I A4 5 K SR TORE A4 32 S
CYP3A1/2 il CYP1A2 fUijf, CYP3AL/2 %t (+)-THP
IARITRE ) BE 5, 1T CYPLA2 Xt (—)-THP FACHfg
Sy SR THP St A AR T SORE A 3 5
CYP3A4 F1 CYP1A2 A, {H CYP1A2 X} (+)-THP
KA E 58T (5)-THP, (-)-THP %} CYP2D6 [1]
B3 A AR E IR, SRTTT, THP o i fAonk AT
EAAR T 2SR | AH 244 A Qi Bl 1) 40 )8 28 R AL
WA 48 o AWESTN ] Cocktial 4841 2541k 2 4%
THP Xf s NJHFokifR T CYP450 Wi i 1 1K 5%
Wi, I FH N HEIORE A 9 20 588 5 VR E 5 o0t CYP450
it P 0SB ATL R, S R IS T A4 P Sz 36 2% 45 HL 6
CYP450 fg (12N )52, B AL W] THP Xk
X CYP450 [l R il 2R 24 S AL .
1 #8
1.1 %=

VTR 248 (APl 4000 Qtrap, SER. N:
AR26221101, i LC-20AD %%; SIL-20AC fHi H
FEFEgE, CTO-20A Eifi4H, CBM-20A #xiilgs,
ESI & 1J&; Analyst Software 1.5.2 &% T /fEuk, 32
[ W A R G50 7)) s ALLEGRA-64R 173 B Lo
(£ [H BECKMAN 2 7] ) WH-3 f AL lig i i A1 -
BT AIRAF]D; AX205 2 —
R (Hi-k: Mettler Toledo 23] ); DKB-501A %A
AR KRS, RS2 R IR A F] .
1.2 #m5iH

()-THP. (+)-THP. HEFBPE T (phenacetin,
PHE). X Z Bt 2E®) (paracetamol, PAR). FIZ
fif THR Ctolbutamide, TOL). 4-F%2%& B ZSmE T i
( 4-hydroxytolbutamide , OHTOL ) . 47 3& ¥b 2%
( dextromethorphan , DEXM ) . 2 H A7 3 ¥b 3%
(dextrorphan, DEXP). BKiAM:4 (midazolam,
MDZ). 1-¥23EmKikM:4 (1-hydroxymidazolam,
OHMDZ). & M:ybs% (chlorzoxazone, CHL). 6-
FRELE P22 (6-hydroxychlorzoxazone, OHCHL).
F25 7N (mephenytoin, MEP). 4-F23E3E35 %2 K]
(4-hydroxymephenytoin, OHMERP). 55 (A
B B0 A 2 A e iR s I SR A
Il (NADPH) F1—HIFELWFH (DMSO) 4 H T3 H
Sigma 2wl NJHRORIAR, ) B B G it 7T
(i) HRAT, fit'S SUBK; HEE. LA ML
af, TR RRMER R B PR ] s A7)
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R AR R o Hrali sl LA F
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2.1 THP BRI ARFRARLIR CYP450 BgiE AT
=AU

2.1.1 Cocktail ¥REFZ9¥EIEST MR STk IE
TP, RSz S I VAT T ot e,
CYP1A2 [{J&4 ) PHE, CYP2C9 (¥4 ) TOL,

CYP2C19 {4 MEP, CYP3A4 ({4 MDZ,
CYP2EL K& A CHL, CYP2D6 {4 A DEXM.
6%k & Agilent Zorbax XDB-Cys (50 mmX 2.1
mm, 3.5um, SN: USHP004037); #:FEH: 10 plL;
Frill g 280 nm; AR E 0.45 mL/min;  JishAH
H01%FEE (A) -HEE (B), BBIEVEMFE?: 0~
0.5min, 98%A; 0.5~1min, 98%~2%A; 1~2.5
min, 2% A; 2.5~251 min, 2%~98% A; 2.51~
4.0 min, 98% A. &1 T &N T (ESD;
AR 137.9 kPa (20 psi); B WS LS (1S):
5000V (ESI"). —4 200V (ESI"); JiH 54k 1 (Gas
D AE NS 2(Gas 2) 4351k 379.225 kPa(55 psi)
F1344.75 kPa (50 psi), & FIRHELE R 550 C. fF
DU 0 P B ) ST A6 I 2 52 1

F 1 CYP450 B3R T ERF=YFANIRFIEFHIRIL
R

Table 1 MS parameters for CYP450 enzyme metabolites
of each subtype and internal standard carbamazepine

RlL7 FART 0 ERE T (M) T ()
PAR (CYP1A2) ESI* 152.1 110.1
DEXP (CYP2D6) ESI* 258.1 199.1
OHMDZ (CYP3A4)  ESI' 342.1 203.1
OHMERP (CYP2C19) ESI 235.1 150.1
OHTOL (CYP2C9) ESI- 284.8 185.7
OHCHL (CYP2E1) ESI- 184.2 120.0
RETE (R ESI* 237.1 194.1

212 NHRCRLARIE & RN P A S N
11 37 CoKiy AT U A R R SATh 200
uL, f75 0.1 mol/L [AREIR R M (pH 7.4), 2
mg/mL AJHRRAAER H, (5)-THP (&AL 50, 5
pmol/L) By (+)-THP (Z4KJE 50, 5 umol/L), {EHN
A NADPH [ (+)NADPH] 1 mmol/L B A A
NADPH [ (-)NADPH ] (H[RIZ4&F¥ PBS X&)
FITS AL T 20 3 % 5 30 min. 4R )56 30 min
(FIFF S EAT 10 F5FRRE, BV 20 pL FH0 & A% S on

F54 100 uL NADPH (1 mmol/L) 1 80 pL B4
BAEFEY) [PHE. TOL. DEXM. CHL. MDZ. MEP
(10, 100, 25, 20. 5. 20 pmol/L)] HyfAZR, Wi
B 15 min J&, M0 400 pL KFEE (SHAED
PUf-, 75 ng/mL) Z 1k V. 10 000X g Z.0» 5 min,
I s, N AR SEEG % #2571 Cocktail #4254
LRI TN 6 R4 PAR. OHTOL.
DEXP. OHCHL. OHMDZ. OHMERP.
2.2 (-)-THP 33 ARFRRL{A CYP2D6 #NHIHLHIH 55
221 LC-MS/MS &l & DEXM AR /= 4
(DEXP)  {if}: 4 Agilent Zorbax XDB-Cyg (50
mmXx2.1mm, 3.5um, SN: USHP00403 7); #kFE
10 pul; AABUAR R 0.5 mL/min; VRZENAHA 0.1%H
e (A -HIEE (B), BREVENFEY: 0~0.8 min,
90% A; 0.8~1.3min, 90%~2%A; 1.3~2.5min,
2% A; 2.5~2.51 min, 2%~90% A; 2.51~4.0 min,
90% A. BFUH: Mkl E U (ESD; AHT
SR 103.425 kPa (15 psiD; & FHES L (1S):
5000V (ESI"); AN L (Gas 1) FIYE Ak 2
(Gas 2) 43412k 379.225 kPa (55 psi) #i1 344.75 kPa
(50 psi), BRI N 500 C. fFHs> DEXP
PR 0 TS RS S B R 1.
222 NHRARIE & Y. Pra W S RN
37 CoKkity BT Pl AR R ISR 100 pL,
7% 0.1 mol/L MR Eh &zl (PBS, pH 7.4), 2
mg/mL ANFHHRIAARER H, (-)-THP (£ 0. 0.027 4.
0.082 3. 0.2469. 0.740 7. 2.222 1. 6.666 7. 20.000 0
umol/L ) , f£ (+)-NADPH 1 mmol/L B{ %
(—-)NADPH (FH [FIZEARFA 1) PBS A% 115 0 il
¥ HE 30 min. ZRJEXIFIIT B AL ET 10 £ 10
B, HIEL 20 pb TG B LIS 100 pL
NADPH (1 mmol/L) #1 80 uL DEXM (5 umol/L)
MR &R T, BFE 15 min J&, JIA 400 pL oK FHEE (5
HWAR RSP, 75 ng/mL) &b W, 10000 X
g &0 5 min, B L&, H LC-MS/MS k52 #4057
DEXP.
2.3 (-)-THP 33 ARFfRchifR CYP2D6 HyRT Bk
TEHDHI A 5

B I B SO ILE 37 CKW EiEAT. T
BRI BT 100 pL, 5 0.1 mol/L ¥ PBS
(pH7.4), 2 mg/mL NHHckifAER I, (-)-THP (£
WE 0. 0.25. 5. 10 umol/L), 1 mmol/L NADPH,
TS E 0. 2. 4. 8. 16+ 30 min. X THbE & HIFE
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HEAT 10 f5F70RE, RIEX 20 pl TR0 & FES DA B 5
100 uL NADPH (1 mmol/L) #1 80 uL DEXM (50
umol/L) A ZH, B FE 15 min J5, JOIA 400 pL
VKHRE (A NFRRSPEF, 75 ng/mL) 215V,
10 000 Xg &0 5 min, L EiE, H LC-MS/IMS %
5E F 73T DEXP.

24 HiEALIE

RPEZE (v WHHEANX: v=( s XC py)l
(V s X C o), HeP Vs ABFE IR RIIARL C oy
0 AR =R 5 C wrann N T 5 AR A
TIORLAR SR I BTy B o AR R 11 204 (relative
activity, RA) THHEAIL: RA=V aulV s H v oz
HUV w73 3 A M SAR LD AR 3 R S AR I %
RIS 2 s #0571 4> £4 Cinhibition percent,
IP) WH A IP=100—RA.

10 1= GraphPad Prism version 5.0 ( GraphPad
software Inc, CA, SE[ED HAHUA H 2540 lE I
(K] 1Cap (L. FRAF SCRRIRIET), SRS REIEIZH 112 S50
Kops AAMHEIFIREE N [1] B FHDHRERT R, K N
AR T AL, K i RN R E A
FHIFARRE, KifEH]N, R BIZ500T g 4 e 0 sk
. P<<0.05 KHHAG 20 B 2R

1/K gps= KifKinaet X 1/[11+ 1Kinaet
3 #R
31 THP XJBR{IRXT ARFRIIA CYPA50 BEEHNHI{EH

S SRR, (5)-THP RS Ao f4
CYP2D6 4 H B AMEIVER, HHRIH — 2 U L

et (B 1. AR NADPH Fili &40, (-)-THP
7£ 50, 5 pmol/L %} CYP2D6 [¥) IP 435Ik 53.27%.
26.80%; M\ NADPH Tili# 541, (—)-THP 7% 50.
5 umol/L X} CYP2D6 1 IP 437 4y 87.38%.71.30%.
ALUE L, eI NADPH Fil & 5, (-)-THP X}
CYP2D6 [4MiilGe Sy B B om, H.(-)-THP AR ™
YIAnHIeE DR KT ()-THP, il (-)-THP X}
CYP2D6 1 fig j&: MBI, (+)-THP 4&&k %5 ATk
A CYP2C9. CYP1A2. CYP2D6. CYP2EL. CYP3A4
A1 CYP2C19 MIEHIAA T (18 2).
3.2 (-)-THP Xt ABFRIRL{R CYP2D6 HD il #1Hl

W SRk ™ 2, BRI CYPA50 i
IR0 MBI, 323558 it (+)NADPH &5,
(-)NADPH 73 5l i 5 J&,  iZ4Wiil5H% CYP450
ICso fH 1) A2 4k BE AT FI W o 4% (+)NADPH =Y
(-)NADPH it & J& 1Cso {70 2 5 A8 4K, W
B e BRI D NE K 272 1 il R R PN = 1
il CYPA50 Mg 1wt R, 47 1Cso fH T3 0%
(1Cs0ynappH/ICsonappr =3, T B LA 1) 2 Y
S0 MBI, B Z A0 o 70038 s 7= A= 0 AR 35 7 2 40 ol
CYP450 figrtitE. Wik 3 fros, (+)NADPH Fiiis
HIF, (5)-THP % CYP2D6 40 ith £ 47 1 1)
EB % (-NADPH. (+)NADPH 7§ & J&
(—)-THP X} CYP450 M) 1Cs E 75k (2.40+
0.12). (0.46+0.15) pmol/L (P<<0.05, Fcxt t #:
%), ICso(,)NADpH/ICSO(ﬂNADpH b N 522, £
(-)-THP X} CYP2D6 [4iiHIZE %4 4 MBI,

120 CYP2C9 @ 5 umol-L ™" 120 CYP2D6 120 CYP3A4
100 £ 50 pmol-L 100 100
< 80 o 80 o 80
g 60 < 60 < 60
40 @ 40 s 40
20 20 20
0 0 M B B 0 5 ]
(-INADPH  (+)NADPH (-)NADPH (+)NADPH (-)NADPH (+)NADPH
CYPIA? 2 - CYP2EL CYP2C19
120 2y T
100 1001 Em BE @ = B
s 80 < 29 : S
< 60 < 604 <
o o o
40 40 -
20 20 A
0 ] 0 e

(NADPH  (+)NADPH

(-)NADPH (+)NADPH (-)NADPH (+)NADPH

1 (-)-THP %t 6 # CYP450 B & TP RV EGEMERISZMD (x+5,n=3)
Fig. 1 Effect of (-)-THP on enzyme activities of six kinds of CYP450 in each subtype (x +s ,n=3)
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CYP2C9

(-)NADPH

(-)NADPH

CYP2D6

CYP3A4

(-)NADPH
CYP2C19

(+)NADPH
CYP2EL 120 1

(-)NADPH (+)NADPH

(+)NADPH

2 (+)-THP 3t 6 # CYP450 Bg= I EUEGEMEAIRM (x+s5,n=3)
Fig. 2 Effect of (+)-THP on enzyme activities of six kinds of CYP450 in each subtype (x +s,n=3)

120 , @ 5 pmol-L* 120 -
100 | ' " E50pmolLt 100
s 804 - 80 |
< 60 g 60
40 | & 40 |
20 | 20 |
0 % Il S 0
(+*)NADPH
120 - CYP1A2 120
100 A 100 +
] e 80
< 80 " -
3 0 :
40 - 40 1
20 - 20 -
0 Jd k: 3 e alels 3 o - 0 o4
(- NADPH  (+)NADPH
120 1 o (+)NADPH
100 1 m(-)NADPH
80
S 60 A
<
& 40 |
20
[V

-4 3 -2 -1 0 1 2
19[C]

3 (-)-THP % CYP2D6 HOI%I#1% (x+s n=3)
Fig. 3 Inhibition curve of (-)-THPon CYP2D6 (x +s ,n = 3)

3.3 (-)-THP 3 ARFfRRI{R CYP2D6 HIRT 8]k %
TEHFI4E A

N THEE— ST (5)-THP S A BT Bk &
CYP2D6 FHHIREE, HEAT T I RO FE . &5
R 4, BHLERARZEANFEIREE T Kopss
BEE IR (—)-THP IR EERIE N, Kops BEZ 3400
A (5)-THP 3KEE A 0 pmol/L I, Kops BEIE N2, ik
ITREEAER, SRAFHGNE) ) 250 K F Kinaot 77
54 0.690 pmol/L. 0.084 6 min .
4 e

I PR AS ) 25 P v AR 22 0 TP 25 W (1 A0 i
o RN, 4K T B ARV K 5 R )
AR TR . 9 EAR NI AT
ML 2 S L D NE A S E RSB SR U NG e ]
FEAER, 3300 Bk Y70k N ) 25 3E P AR
YRR WA AR S TR R 2. he
WA 5 ) DDI A 28wy, 29t CYP4A50 fifg

55 7
-~ 10 ymol-L*
5.0 1 -5 pmol-L !
&I x =+ 0.25 pmol-L*
§ 45 A =0 umol-L*
4.0 -
X
35 -
0 10 20 30 40

t/min

4 (-)-THP Xt CYP2D6 RIB [8)4&H5 14 30 1 1
Fig. 4 Time-dependent inhibition of (—)-THP on CYP2D6

(IR F OV 2 Ok B DL 3 850™ & DDIL J A
Z_[21-2210

MBI A5 1) 24 BiE A0 11 57 RE 6% 15 40 B N B 2%
RN B NI 5 B Ik EA e N BN L PATL ) g VAR
2775 DI, TREH LR S R I BUEE,
B an Kz /R A5 I TE B, S CYP3A4 (1) MBI
ks, AR R LS TR 2. IR
W4 N P IS 77 42 2 EL ) DD, 1988 4EAESE E T
Y W PEIT e SRR, )
2N HFPINAGEE, & CYP2D6 (1) MBI 145,
X CYP2D6 [ HIZN 11252 S Ki A Kinae 7314
4.84 umol/L A1 0.17 min ", 8 PR A i A v o [
BERT RO, A7 SRS (-)-THP ZE I R R -
AREMIVERT, ) LEE N 4 I e 28 ok
WP RS R RIVE ], AR R BN 251k Stk
ol MR 22 P20 q e RS B R IR (©)-THP
60 mg JEIMHH (-)-THP [FiEIERE (Cha) N
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1.12 pmol/L (397.7 pg/L); HIRITAR (-)-THP 50 mg
JalfigE e (-)-THP ) Chax A 0.85 pmol/L (300
ng/mL) B3 AR 57 45 B R, (-)-THP %F CYP2D6
FEIALEE MBI, BEHI8) 124 250 Ki R Kingee 77
5024 0.69 umol/L F10.08 min*, 375 (-)-THP T fg
JELLIF B YT k) CYP2D6 1 MBI #l5, H
WERIIRIK DDl AFHZM; FEH (-)-THP fE A1k
o (1 1l 2494 2 T RE LA B ] CYP2D6 i i 4 K~
RN I K 30~60 mg, 3 ¥k/d), Pl HEdm
(-)-THP S JH U 1) % g VE F WL AR vT fig 55 3L Xt
CYP2D6 1] MBI 1K, $&/nfElffiR (-)-THP Ry
F R, MR CYP2D6 . ikl ok
5 0 [E] IS AT 5 R A DD IR AT e

S 3Rk
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