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4 2 5,2 P450( cytochrome P450, CYP) B A kA £ 5HE#
WA BE SR MYV EEHE. CHRENELE
CYP2D6 A E B EMRE LG, FARMERFR A BB
PHENEERRKNER., LTMEREK ¥ RAOROERE
M4 iR RS CYP2D6 5, Z Sh R EEEBA
RERETH CYP2De BELEEHA XMATHFRIN. Bk, #17
i A T ERZ s 5 A AE S & CYP2D6 BT R AR
REAHT IBEPNMEEPEAMERARHEIBRSER @
HEHERKTHEROEEGE, AHAADOERHARERR
WA, b, RHTTUF AN HT5.

-8 FHEELFHIRHAVTREZTLE CYP2D6
i)

LARPLGEDFAERNAMIHNE RAREEIEM
75 (HPLC) DI B A 7 i ARP L R (DM) A H
POME (DX) Mk . DM R DX MR RIXE 7 3 &
0.027 mg+ L™ 0. 031 mg « L', F i [o] g & % 105. 3% f
104, 5% . H W H IR L (RSDY BT 5% .

2. thE A CYP2D6 RAUMH 120 ZEBEPE AUREEY
IEH 20 mg 58 8 h IR, ) HPLC W2 /R DM F DX &, it
HiCHWHE. SRER 20 2R iXE A | B R HF(PM)
(0.8% ), fE & T AIRICH & (EM )P R PR G Ak el -- 20
X538 76 4 (63% ) HRBRACE & (VEM) R143 £ (36% ) b {4 i
EH(IM), CYP2D6 AR A E ARSI S E R4 rFaE
B



I G-XEE

FHS FHAEWEFHEIBRENAFHDEHR

L HEMEWBEn TS FASMBEAEEM
HAarfm g E S R Bk E, B S- . R-5%IR
BRI S R MR FE 3 B0 K 18.6 g - LVRT15.7 pg - L1 SEH7Jul
W43 9 R 101.9% F01102.4% , H N . H & RSD /T 6% .

2. CYP2D6 RN E B AT B EZ s F MR 17 4
EZWEE (T 4 VEM,9 & IM A 1 Z PM) 11 BBl & 1 88 % B
AF 400 mg i, T 0 ~ 15 b flsRERRK I, JF A HPLC 58 i 3 o 3% %
WA 0T B A M BE (S - PPE #0 R - PPF) B XB kG a2 5
W EHEM,S-PPFURAMEEREATR-PrF, AENS
AT R FRE 5 1 A, CYP2D6 4 A 75 3 %' iy B 3 Bk 7 £ 1%, 385 b i
HEEH,IMHM CRF VEM #Hi—-2E (P <0.01), CYP2D6
MG PE ClgMR) 4 & 2 i B B iR 25 sy 2 8 (., L AUC F1 G 2
BT AR RN, FIL, CYP2D6 ER & 7% o0 8 4
BRIAROZG 2% 2 9 IM METEGLIF Lo 5 A CYP2D6 34 TS

F=E CYP2D6 MIHIF % £ 7035 R B B 00A7 o b
EH YRR

Lo ST RIS b xt o B SRR @R E a2
A 19 FOFFTL)MI0 g (OFHETA), BLkE, FEH
AEE B, 7 VB AT L 2 0l B A 7 R S BT 25 . R W R
BREXD I RBRAREE— 80, LR RHRAT 20 mg 45
10 NIHFILAR K 250 my 4% 14 X, 19 B IIREFEITH S AL
AIJGAIZT RV ZF MR 455 0.03 +0.04 70 0.09 +0.07(P <
0.01) 3850 3 £5, ILBAS TG I % CYP2ZD6 4 - T 90 H £ H . 10
AR EERTR 14 XEBHZENE, A £ MR M 0. 016
+0.0THEAIF]0.321 £+0.333(P <0.01) , N S F A S % 20
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fr 44 A EMEDZ N PM UL ERRANITHAED H
TR v 3R, WAk, ELFIT AR LR VEM (30 i 4
H B4 IM T8,

2. RIS E B HEM MBS SENER 9 BRI
F 4 BT (20 mg/d) 10 XATJE A E U i 400 mg 290
B, i W ot A Bk o, P HPLC 05 i 3% b5 5 A LS B (R R
HEMBAGHES . FREYW, G DHEEIT LSRN
2R, C M AUC AR FEM(P<0.01) i CILMFHET
FE(P<0.05). WHEHEFAITH S-PPF C__ 3 MiEEH R - PPF /)
(39% vs 71% ,P<0.05) , 7 MERWRIER-PPFHBELS
(P <0.05) BB A AL L E 5 bR w1 o 4% 1
BXFiERT kB,

FEHES HEA CYP2D6 BE EAMMNS FH HBR

119 2R ERE B HE HEHEEES, FrETE,
HRUFERMERY R 76 4 VEM 2 £ IM A1 £ PM, RE
FRELD,HEKR R MM/ EAHEEER DNA, RH PCR -
RFLP (Ml 2 2 id & CYP2D6 B H A, PCR LRI~ H 4
1. 2% 3 Qb B BG B 3K 7+ B 2 J5 . 42 Hphl BBV 1, 5 F 3%
Tt A5 B B B oL TR O B B SF v R CYP2D6 = 10B,

R EIH CYP2D6 = 108 fo A w42k 58. 4% , Hvh 13 &
(10.9% ) A AR (ww) G F,33 £(27. 7)) A RB X
(m/m) 5T, K& 73 B(61.3%) RERTF(n/w) . WHEW
FRMSERRELS, R 76 & VEM 14 63 A(#483% )%
CYP2D6 = 10B B 2L & 7,42 & M th &3k 29 A (3 70% ) B i
CYP2D6 * 10B m/m @ B0, 1 & PM 455 m/m B, B4 10 &
RBESTIAL Y SR A PM i CH 6 B CYP2D6 B %5 fv 32 149
(CYP2D6 + 3, x4, %5, =6, x7 fl =9), I WILTLER.
CYP2D6 + 10B S EFEMARE , THERARE ERBTEAL S
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FLFs EFRENEEARERRT

I BT AWK AN ENA BESES 104, 8 2%k,
HERELREW I RBUWMES NS E VEM A5 2 M, 2k
MR B HEEI 400 mg &5, H42505 1,2.3.4,6,8 F1 15 h BOig 268
oL R FE by PROBIA . 3% 53 BUAAR M 1 R R A HPLC g
S - PPF F R - PPF ¥R 2> F., R A CAPP $% 4 %1 3 B W88
PRGN PR BMAER (A RBAHE - ARESHE. BE—
B B E R KR, T A s
P Sigmoid B R, MO 5 0 W] 2 (8] 48 77 5 55 67 B R G T
CYP2D6 KRR 2580 F M F BEIE B0, IM 4 AUC 91§
4§+ VEM 8, i Ceg, IM SR ULEL VEM 28K (P <0.05) . 10 % Tist
FRHTHERFESH K, R10T b B, N 43.7%, Cey,
477.7 ng L'y H 1.85,

2 EREMALURETHMARSENARNE 176
EHEFBIRHAVPC21000 )/d) , BL AR, BFF B 86 il W% 0
MELHN., BUZEREEREAONBIEAYS P LEH2 S,
FUAR L W18 150 ~ 200 mg/ W ,3 )/d £ 7 K, T piiic 12
FOMBENE 24 h B ECBR, LHL 7T XEH FRER.LE
B IFMBUTE AT FR 2505 2 h fiL, ] HPLC WE i 3 8 B A
BIWIL . FRABGLEME T CYP206 HER . 252 E .17 filjs
AEVERAH SHIH R (VPC% ) ik 65.3% , PR [ M B 25 81 9
(0.15 £0.02) s MF(0.16 £0.02)s(P <0.05) . KR % b E
M3EHE L VPC% # PR% 454548 %44 A K. CYP2D6 4 [
o T 55 1 3R TE T A B BAE D, = 10/ 10 485 AR (Y
ConBI2ZAET = 1/ VAR T H. VPC% 94 2 4% F 5 & 1108
CYP2D6 * 10B 157 W F B (SR IG & MR, M2k & T} i
SRR — 3
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ABSTRACT

Cytochrome P450 is one of the most importanl metabolic cn-
zymes, which are responsible for many endogenous and exogenous sub-
stances such as drugs in human body . It has been well known that de-
brisoquine hydroxylase (CYP2D6) exisls significant genetic polymor-
phism wilh great differences of drug metabolizing ability in different
races and individuals. Propafenone, a commonly used anliarrhyvthmic
agent,is given clinically as a racemate. Il is hiotransformed mainly
throngh CYP2D6 to the active metabolite (5 - OH propafenone ).
There is great pharmarokinetic and pharmacodynamic variability of
propafenone. Whether this variability in Chinese is related to CYP2D6
genetic polymorphism needs to be clarified. Therefor, the purpose of
this paper is to delermine the effect of CYP2D6 genetic polymorphism
on pharmacokinelics and pharmacodynamics of propalenone in Chi-

nese,

Part 1. Determination of CYP2D)6 phenotype by using dextro-
methorphan as a probe drug

1. Analysis of dextromethorphan { DM} and dextrophan (DX) in hu-
mun urine: A reverse-phase high performance liquid chromatographic
{( HPLC )} method was established for the determination of DM and
DX. The lowest detection levels of DM and DX were 0,027 mg « |
and 0. 031 mg « L7, respectively. The within-day and between-day
relative standard deviations { RST}) were all below 5% . The average
recoveries of DM and DX were 105. 3% and 104, 5% , respectively,
2. Phenotyping of CYP2D6 in Chinese subjects; 120 healthy Chinese



0 ABSTRACT

subjects took dextromethorphan 1ablets (20 mg} orally and 8 h urine
was collected overnight. The concentralions of DM and DX were as-
sayed by HPLC and melar metabolic ratios { MR ) were calculated.
The incidence of poor metabolizers ( PM ) was 0. 8% (one in 120 sub-
jects). There were distinel himodal distributions . which divided exten-
sive metaholizers (EM) into 43 intermediate metabolizers (1M ) . and
76 very extensive melabolizers { VEM ). Dexlromethorphan metabolic
phenotyping provides a new information for debrisoquine 4 — hydroxy-

tase( CYP2D6} polymorphism in native Chinese.

Part 1I. Clinical pharmacokinetics of propafenone enantiomers
1. Analysis of plasma concentrations of propafenone enanlinmers: 4
HPLC method with precolumn derivatizalion was used to quantitate
plasma concentrations of propafenone enantiomers. The lowest detec-
tive levels of § - propafenone (S - PPF) and R — propafenone ( R -
PPF) were 18.6 pg+ L 'and 15,7 pg - L' .respectively, The aver-
age recoveries of S — PPF and R — PPF were 101.9% and 102. 4% .
respectively. The within-day and between-day RSI)} were all less than
6% .

2. Influences of CYP2D6 phenotypes on pharmacokinetics of
propafenone enantiomers: A single dose of propafenone hydrochloride
(400 mg) was given orally to 17 healthy Chinese subjecis (7 VEM,
9 IM and 1 PM}. Plasma concentrations of propafenone were meas-
ured by HPLC during © ~15 h after administration. Pharmacekinetic
parameters were calculated thereafter. The results showed that § -
PPF was less melabolized and had higher plasma concentrations than
R - PPF in both CYP2D6 phenotypes. Besides, the ¢, of R — PPI
was larger than that of § - PPF in IM, but not in VEM. However.

there were significant differences in the metabolism of PPF enanli-
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omers belween YEM and IM. The €__ and AUC of both isemers in the
IM group were higher than those in the VEM group (P <0.01), The
C{ of PPF enantiomers in IM group were only about half of thal in
VEM group | (67.3 £18.6) vs(124.8 £26.1) 1.+ h™'for § - PPF,
{90.2 £23.6)vs {186.6 £70.2) L« h 'for R - PPF £ <0.01].
The S/R ratioof T,,, C
(P > 0.05), The correlation between dexiromethorphan MR and
AUC and Cf) were highly signifi-

Cl and AUC was not significantly different

maz ?

pharmacokinetic parameters { C

max *

cant.

Part M. Influences of CYP2D6 inhibitors on dextromethorphan
phenotypes and pharmacokinetics of propafenone enantiomers

1. Effects of fluoxetine and terbinafine on dextromethorphan: 19 ( flu-
oxetine group ) and 10 ( terhinafine gronp} young healthy subjecis
were recruited, with normal hepatic and kidney functions. All were
nen-smekers and drug free for at least 2 weeks before and during the
study. Fluoxetine hydrochloride 20 mg was given once daily 10 all 19
subjects for 10 davs. Terbinafine hydrachloride 250 myg was given
once daily to all 10 =ubjects for 14 days. Dextrometharphan phenoty-
ping tests were performed before and after pretreatment of CYP2D6 in-
hibitors. There were significant differences of mean dextromethorphan
MRE values hefore and after fluoxetine therapy (0,03 £0.04 vs 0.09
+0.07, P <0.01}, indicating a =trong inhibition of the CYP2D6 ac-
tivity by fluoxetine in Chinese subjects. For 10 subjects treated with
terhinafine for 14 days, mean MR values were increased from 0. 016
£0.011 t0 0.321 £0.333 (P <0.01) with 2 20 fold raise in extent,
Four out of 10 subjects were converled to PM of CYP2D6 | indicating a
stranger inhibitive effect of lerbinafine on dextromethorphan melabo-

lism compared to fluoxetine. Besides, the inhibitory effects of fluoxe-
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tine and terbinaline on VEM were stronger than on 1M,

2. Influence of fluexetine on pharmacokinetics of propafenone enanti-
omers; Nine healthy subjecls adminislered fluoxetine hydrochlorvide
20mg once daily for 10 days. Pharmacaokinetics of propafenone enanti-
omers after a single dose of 400mg propafencne hydrochloride was per-
formed before and after fluoxetine pretreatment. The ¢, ,, € and
AUC, , of (wo enantiomers after fluoxctine therapy were significantly
increased compared to those at baseline ( P < 0. 01 ), whereas, oral
clearance decreased from (75.01 +17.69) L/h to 49,36 £ 8. 62)
L/h for S — propafenone (£ =(. 005) and from (107,62 + 33, 82)
/b to (70.600 £12.42) L/h for R - propafenone ( P =0,027). Be-
sudes, fluoxetine increased the peak cencentration of 5 - propafenone
by 39% and that of R — propafcnone by 71% (P <0.05). A signifi-
cant increase of T, = was seen only in the R - enantiomer, not the
8§ — enantiomer of propafenone after fluoxeline therapy. Our results
suggest that fluoxctine not only impairs propafenone metabolism signif-

icantly , bul also raises its effect stereoselectively.

Part V. Molecular mechanism of genetic polymorphism of
CYP2D6 in Chinese subjects

119 healthy HAN volunteers with normal hepativ and kiduey
functions and bolh genders were recruited, Dextromethorphan pheno-
typing showed that there were 76 VEM, 42 IM and one PM of
CYP2D6. DNA was extracted from peripheral blood by a modilied
phenol/chloroforms method. In order 10 determine CYP2D6 genotvpe,
polymerase chain reaction {PCR) and restriction fragment length pol-
ymorphism ( RFLP) were use to analyze CYP2D6 % 10B alleles. The
gene frequency of CYP216 = 10B was 58. 4% sincluding 13410, 9% )

homozygous wild type (w/w), 33 (27.7% ) of homozygous mutant
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(m/m), and 73 (6l. 3%} of heterozygous genolype {m/w).
Twenty — nine subjects out of 42 IM (69% } of dexiromethorphan were
homozygous for CYP2D6 = 10B. One PM subject also showed a m/m
genotype. Besides, 10 Chinese subjects were tested and excluded for
the presence of any for the six mutant alleles associated with poor me-
tabolism of CYP2D6 in Caucasians, It is concluded that the CYP2D6
* 10B allele containing the C'®-» T mutation is the major cause of
CYP2D6 polymorphism in relation lo diminished dexiromethorphan ox-

idalive capacity in Chinese subjects.

Part V. Clinical pharmacodynamics of propafenone

1. Simultaneous modeling of pharmacokinetice and pharmacodynamics
of propafenone; Teun healthy volunteers with each gender were recrui-
ted. Dextromethorphan phenotyping showed that there were 5 VEM
and 5 IM of CYP2D6. After oral administration of 400 mg of
propafenone hydrochloride, blood coilection and PR interval monito-
ring were performed at 1,2,3,4,5,6,8 and 15 h. Total propafenone
concenlralions as a sum of 8 — PPF and R - PPF were delermined as
hefore. A vomgpuler aid pharmacokinetic & pharmacodynamic program
(CAPP) was used to simulate plasma concentrations of propafenone
and percenlage of PR interval prolongation by using 1 model of first
rate, two compartmeni plus effect compartment. Tt has been shown
that pharmacodynamic course of propafenone accord with sigmoid £
model in Chinese subjects. There were goed relationship between drug
effect and time. CYP2DO phenotype also played a role in pharmacoki-
nelic and pharmacodynamics of propafenone. AUC of IM group was
significanily higher than that of VEM group. Whereas, Ce., of IM
group was also greater than that of VEM group (P <0.05). The aver-

age pharmacokinetic parameters in 10 subjects were as following: K_
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=1 17Th 'K =437 %, Ce, =477.7 pg- L',y =1,85

2. Pharmacodynamic observation of steady-state propafenone in pa-
tients with venlricular premature contractions; 17 patients with ventric-
ular premature contractions { ¥PC =1000/d) were recruited lrom hos-
pitals. They were normal in routine laboratory testing. Every patient
was free of cardioactive drugs for at least 5 half-life. The patient sd-
ministered propafenone hydrochloride 450 ~ 600 mg per day in three
divided doses. Twelve-lead cardiogram and Holter monitoring were
performed befor: and after propafenone administration for 7 days.
Peak and trough levels of propafenones were drawn after drug ireat-
ment for 7 days and were measured by HPI.C as before. CYP2D6 gen-
otypes were assayed for eack patient. Qur result showed that total in-
hibitory rate of ventricular premature contractions ( VPC% ) was
65.3%. PR interval prolongation was increased from (0. 15 £0.02) s
to (0.16 £0.02) s after drug treatment ( P <0, 05). However, there
were no significant relationship between plasma concentrations of
propafenone and pharmacodynamic index such as VPC% and PR%
CYP2D6 genotypes played an important role in plasma levels and
effect of propafenone. Patients with homozygons mutant of CYP2D6 =
10B not only had a €, two times as high as wild-type, but also had
VPC% two times as high as wild-type. It suggests that CYP21)6 * 10R
is highly related to IM and elevated plasma level is consistent with bet-

ter efficiency of propafenone.

Conclusion : Genetic polymorphism of CYP2D6 contributes to the vari-
ability in pharmacokinetics and pharmacedynamics of propafenone in
Chinese. It provides useful information for safe and rational use of

propafenone and related drugs clinically.
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NHE 8 R P (¥ 0 B (2, 45 P450( eytochrome P450, CYP) ®E (L
B HAF 2 A T (isogyme ) A AR E(CEM ., D430 E5
HHSNEMHRNBRAERRGH PAS0 H LM AKHER TS
Ly N 95 PE AT T A0 A G L RE AR R B AR E R MRS
SR, wESTHEAAENMEY RN FEYASED.
R BRI IE

CAl W R 25 9 40 th 8 & 2 ) P450 H 1L B A CYPlA2,
CYP216, CYP2CI9 §1 CYPIAD SE TR, T s 45 90% [ |-
RN, MEY W CYPR2D6( kRIS RS
KRR HAEBANAREL 0 MIERERSH Y (WKL %
Ha RS FOEMAE BE N R R FE Y D)
A A, m X EGYHRRAINY MEERELEES
L5 CYP2D6 BEEENHE.

CYP2D6 Trie 4 i HF B {5 B35 1%, B R R #bp 3% ok A7) 4> i
HEEREE /N ELSBE R B E M ERMR B
B EER RBUNTE —FH T REEIE ) 2R FEsm
Zigmhei s, CHLCYP2D6 A PR 4 118k A (caucasians) T 18



