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LIVER DISEASE-RELATED REDUCTION IN IN VIVO CYP ENZYME
ACTIVITY IN JAPANESE PATIENTS WITH HCV SEROPOSITIVE CHRONIC
HEPATITIS AND CIRRHOSIS

Akihiro OHNISHI

Department of Laboratory Medicine, The Jikei University School of Medicine

The activity of the hepatic cytochrome P450 (CYP) enzyme is thought to be reduced in chronic liver
diseases, including cirrhosis. To study whether the disease-related reduction in enzyme activity differs among
CYP isoforms and whether genetic polymorphisms have additive effects on the reduction in CYP2C19
activity, we compared in vivo CYP2C19 and CYP3A activity using the 3—hour metabolic clearance of
omeprazole to 5-hydroxy omeprazole, the 3—hour omeprazole hydroxylation index after an oral 20-mg
omeprazole load, and the metabolic clearance of cortisol to 6 [ —hydroxycortisol in Japanese patients with
chronic liver disease seropositive for hepatitis C virus and healthy controls. Mean disease-related reductions
in metabolic clearance (compared with that in control subjects) were greater for CYP 2C19 (78% in chronic
hepatitis and 91% in cirrhosis) than for CYP3A (36% in chronic hepatitis and 50% in cirrhosis). The mean
omeprazole hydroxylation indices with the homozygous extensive metabolizer genotype, the heterozyous
extensive metabolizer (intermediate metabolizer) genotypes, and the poor metabolizer genotypes were 17.2,
20.0, and 26.0, respectively, and were significantly higher than those in control subjects. In conclusion, liver
disease—related reductions in vivo metabolic activities were greater for CYP2C19 than for CYP3A. Because
liver damage and genetic polymorphisms act in an additive manner to reduce in vivo CYP2C19 activity,
genotyping is recommended to avoid adverse drug reactions in patients before administering drugs
metabolized by CYP2C19.

(Tokyo Jikeikai Medical Journal 2011;126:71-8)

Key words: chronic hepatitis, liver cirrhosis, P450, metabolism, genetic, polymorphism

ZORHBERZCYPIZIE, BHEXTEL DY) THD

I. 1Y =
" HFIENM SN TS DY BT HEERIC K D CYP

il

L, RN A S 25k b mE GEY -
BRRINY - BREME %) BIUONEE S
s (RHED T2REEBTHDY. LY
AIVA, BREFOIRRIZ K 2N EE (B
%%, HEZ, g Tk, EWFMEZORKT,
B MHEROKT, v MERENET 57
W, WMICTHEETHNHBEREE (BB I1cyto-
chromeP450 ; CYP) 29 2LEZ6N5Y 7,

RBIEEDIK T DE S WATCYP 4 FHERM TR
HBEDMEIMIDONT, ELITHARANIZBITS
CRIFFR T A I A KB BHEFREET, ZD
DO+ ishFEidia I n T Wi, Bk T —
Branch. 5D 7 )l — 12X D CYPFHEDCY-
P2C19, 3A4, 1A2, 2D6, 2Eli&MEZ TN ZFNn D
probe EZEMHEHL THAEL, MEL TNWDEY0, 4
Sz, FEEITES IEEOME T EE VI,



72 IN

CYP2C19> 3A4, 1A2>2D6>2E1DJEITIZS &
WMELTHBD, ZOMARZEFIBBITTY IV
I—IEOBRENNR LIRS TS, ZDHH
ANEECEIFREZITBIT HCYPAB XD
CYP2CL9VEMN EDRER T T 20 N0 5H
WEHIRAIC B T 5.
FEEEICL D CYPRBBREHEOR T E
CYP BRI RN AL S U RGO A B ) EH /R
L&, KFBMHMTZ200, EOLDBFEEZ
FBOMNBELRE SN TN, EYBEDOH
TIE, EEERTFAHEINTWSCYP TR
HEEERIEE (Poor Metabolizer) IZAFREEIZL S
CYPRRENEMEDIK FANERL S &, ERITFE2EOME
WA USEYpagE - #5ETIIRIER 251
I ULhakhhweETHEIND, 20D kES
OEEIRBIG CIHERZE T 5B FICEMEEE
OB, T 2HYORBEESR in vivolE M2 H
E L, 2 DK NI - 72 GRS E & e 5.
AW H I EN: C T RERHE 28I, O
HFEEIC K2 CYPAGEBEFIETE DK N DEAEWIZ
CYP /7R (CYP3A, CYP2C19) TEMH DM
ES, QOFFEESEEHILENTE SRS RN
PR TONES S ZROE FTEAVWEFHET S &
Thbd. BEOHMIZIZ, EinTLRERERN
—HLTHD, HEAANTZWEETFENHEIC
D CYP2C19 2R L /=, CYP2CL9ITER
FEREBBTAER*ITIDERHBNRE S
NHEZEMTTITHESIN TS, HAANTIESA

?HzOH
c=0

P450 3A

[i]

121 NGB R85 (Poor Metabolizer) & ¥}
EHEINTVWD W, SECYP2C19 D in vivo {HEHEM:
DIEEE L Tld, Omeprazole (OPZ) % probe &
LTHW, fR#Z7UT7 T > A (Cloyy-sonos) ZaT
BY5ZEITMAT, ks s L ToMZ
L /KEE{LAK 5 hydroxy-OPZ @ Lt (OPZ/50H-OPZ)
AL,

CYPAIZHEMBBW CTHEHINT VWD EY D
55% MB35 b EELMRBEEE T, FEED
B 2N DOREETR in vivo {CHRE M2 514l C = 22
DRETINEEN TN D, NKE M cortisol (C) 12
CYP3AIZ & o TL#f = 116 B -hydroxycortisol (6
B-HC) 720 FRHICHEM S N2 KR 5 Al
5N THD (Fig la), JRHC/6 B-HCILATCYP3A
DIEEEINTEREMN, NTYFNKELEHENE
WATRTHo7. ZORDEENT TITHR A
WZBWTEEMED S 2 0 D72 CYP3A in vivo
RENEME DI S L THEL TWAR# I U T 5
> (Cle—gpne) %, SEIBHEFERERFTHME
AL, £=220Wsez@El T, CYPR#ZUY
T > Ak E U T OE S AHZED R O HE
& [/71—: 13)716).

. ¥REKLVAE
oI £ TR REEFICHIT S CYP3A in
vivo {CHE M &2 395 5 Z T Study 1 & Study 2
o7,

cortisol

68 - hydroxy cortisol
(6 BHC)

Fig. la. Unbound intrinsic cortisol is mainly metabolized by CYP3A to 3 ~hydroxylation form and is excreted

in the urine.
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1. Study 1

Study 1 TIE 74 OFIEZS £E (Table 11241k
FREBE) S THORERANB T THERI N,
HIEII 24K OB 27V 7 5 > X (CLe—gsn0)
EEATIRED S B HOFRIIRE THEML 2. T
TITHEDO I DI Z VT 5 > A3 24 K5 6 8
—HC R Al il & = 1L 5 cortisol ¥ 2  (ml/hr) D Ff
BTROE, BERABFIZIIBHOR#MZ VY
F > AMER, CYPARHER L L THSNTY
% Diltiazem 60 mg 1 H 3[\Alk A, 3HBICHED
245 7 U 7 5 > ABE R ERw L 7=,

2. Study 2

Study 2 TIXCHUFR ™~ 1 )L A HR DIEMEH %
BE (BMECHFS) 474 (Table 11T 4:{b ¥4
B BROMEERAB T30 H4ATHRT, 3K
MR#Z VY 52 ZAZME Lz, BIEFREEE
1, WINBREENIRZZRTTATIREN S 12
REIz 32k L 7=.

3. Study 3

R I b S 1Re D B 298 PR R 1T CYP 9 1 F ]
(CYP3A, CYP2C19) TOEMNDHBMNEDNER
HI 5720 Study 3% L /=, Study 3 Tl M
CHIFEREBEFH 314 (BIEIFZ 94, FEEZS 22 4,
Table 2) 1Z 3¢ cortisol {7 1) 75 > A (CLc-s
sne) HIEZZEMML 7. F7/=CYP2CL9 in vivoft
BIEME O S LT3R Y Y5 R
(CLopr—5011-0p) 2 700 I 23R > FRHEE 3K Omeprazol
20 mgRFARICHE L /2. xR E L TRERAS
T304 (Table 2&M8) & EFt & RMIC/RH# 27 U
75 > AZEHPE L, Study 3TIE EFEHM &
fILT, HEESBERNZEICE SRS BRI
KT &2HFHET 57280, OPZ &5 hydroxy-OPZ DL
(OPZ/50H-0PZ) 73R, I SITHEMIMY > /VEk
N 5l U 72 genomic DNA & U CYP2C19 D fx
TEREMHTL, Hx OSIN#EOBRIZE %

EHL .

Table 1. Clinical and Biochemical characteristics in patients enrolled in study 1 and 2

n Sex Age Alb Pt ALT AST T. Bil

Male/Female years g/dl % TU/L TU/L mg/dl
Study 1 6 5/1 57+ 14 3.0+£0.5 647+ 98 473+£40.7 583+£254 1.23+0.61
Study 2 47 35/12 69+ 7 3.8£0.6 81.5+10.1 71.8£67.7 69.9£29.7 085+041

Data indicate mean = SD.

Table 2. Demographic and clinical characteristic of the healthy subjects and patients with chronic liver disease who
entrolled in the present study

Patients with chronic hepatitis Patients with cirrhosis Healthy controls
Numbers of subjects or patients 9 22 30
Sex (male/female) 8/1 14/8 18/12
Age (years) 66 £ 9.5 * 70.8 = 6.1* 50.6 £16.4
Child-Pugh's score * 9/0/0 20/1/1 NA
AST (IU/L) 47.5 £ 36.8* 785+ 27.1% 257+ 14.1
ALT (IU/L) 58.4 £ 65.5% 61.4 %+ 23.0* 26.9£8.0
Total protein (g/dL) 7.9+0.6 7.4+0.7 7.5+0.5
Albumin (g/dL) 4305 3.7 + 0.5 44+04
Total bilirubin (mg/dL) 0.5+0.2 1.6 £3.3 0.6+0.3
Prothrombin index (%) 92.6+9.1 778 £11.5% ND
Creatinine (mg/dL) 0.7+0.22 0.9+ 0.31 0.8+0.24

Data indicate mean == SD. NA = not applicable, ND = not determined, All laboratory data shown are assayed in serum.
Data are mean &= SD. * p < 0.05 compared with control; # p < 0.05 comared with chronic hepatitis; gender difference was
not significant among 3 groups by X* analysis. § : classification reported by Pugh RN, et al.(8).
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Study 1-313 W N & B E S E R K i B
FESOEREEZITERBINTWS, BHEFERRE
BEBLUEEEDOHLAIILEICLDFABEDERT
msEicEmaIns.

4. AFE

fR H cortisol & 6 8 —hydroxycortisol V3. /& A4 27
O k27574 — (HPLC) IZ&K % Bienvenu 5 D
751 THIE LIPY, il /A cortisol 1 Fluorescence
immunoassay T il & U 7z. £ 7z ifi #, R
Omeprazole, 5-hydroxy OPZ!3 & ® IZHPLC{A T
HE L 7=,

5. BEFZEEN

R L ER 2> S DNAFIHF R Z2EHA L T
genomic DNA Y > )L #157/-#%, CYP2C19 DiEfzs
F 2 U R HT 13 Moraris 35 & UV Kubota & O F LI H
EDOWTEBE N/ T72D5CYP2CL*2 &
CYP2C19*3D 7 L)L O fi# 47 1Z PCR-RFLP % fifi H]
L, CYP2C19 exond 63617 (CYP2C19*3) 5 &K
Wexond D 6897 (CYP2C19%2) 7% & &0 fHIK 2 F
F1Z 31D specific primer (BamHI & Mspl) % T
PCRIZ i %, HIRMREUE Z 2170, F507
DNA i Fr D EQKE) /N F — 2705 CYP2C19 D i

P<0.01

CLcorlisnl—»EB_OHF (m I'h I")
g

80
60 | 56 ] suean
40
]
D
20 5
0 Before After i
Diltiazem  Diltiazem Cilr-rlr‘:g;is
Healthy Subjects

Fi

_

g. 1b. Twenty four hours metabolic clearance for
6 B ~hydroxylation of cortisol (CL.._; ; ;c)obtained
from 7 healthy subjects on before (Day 1) and af-
ter (Day 3) diltiazem treatment and those obtained
from 6 patients with liver cirrhosis. The data ob—
tained from the same individual before and after
diltiazem treatment were connected by lines. The
horizontal bars represent means of the correspond—
ing groups.

[i]

5T 28 % PeE L7z, Kubota 5 DO s A 186 4 D
FERICHEDE, HAANERY2H 2 WNWE*3D
homozygous & Poor Metabolizer (PM) (*2/*2 ;
*3/%3), heterozygous % Intermediate Metabolizer (IM)
(¥1/%2, *1/%3), I A wild homozygous %
Extensive Metabolizer (EM) (*1/¥1) &Il L &8
RlaigE Lz,
6. KBoUT7 S REMETNE

ETHREINFY - IVOR# I VT 5 2R
(CLeorisot—6-1c) 1ZLAT DFIHEAXTRD /2.

CLconisanBﬁ e = Ae (6/3 HC) /Ceortisol

Acld 245 & 5 W13 3R D R 31 6 B —Hy~
droxycortisol /R H1 HEillt & T C 13 cortisol O Ifil H i
T %. Omeprazol DG 7 VT F > Z (CLops— 501
o) BIAIFEITRD 72919, Datald 97X T Mean +
SEM Tri#k L, &8 T D st Lk FHIE Dun-
nett's t test Z & & 1T multiple comparison analysis %
AL 7.

. #& X

Study 1 T 13, JR 6 8 hydroxycortisol & Il H
cortisol @ 24 W] i W ERFEHER FHEfE (AUC)
TRooNB2R@MZ U752 A (Clessne) 13,
f@ % A\ CTDay 1, 96.5=% 12.1 ml/hr, CYP3AH 2
3 diltiazem ¢ 5-7% D Day 3 T56.1 = 7.4 ml/hr &5
LB EZIETFL p<0.01), ZHIIHFHELEER
T 4972126 mhr LIEI L 72 ZE R L7z (Fig.
1b). FERHZHRIE L 2R 6 B OHC & Cortisol DR
R ML TR, f@ W AN TDayl, 7.8+3.1,
diltiazem % 5% D Day 3 T6.2 £ 4.1 &#21 % DX
TOATHEEZIRDOENT, NTVFHAEL
I N/z. Study 2 TIXEMENTFRBEEL 4741
BUIHR#Z Y7 T2 21376.8+ 6.3 ml/hr & 72
D, R AST135.8+ 14.1 mlhr T L T
44% DEREME T MBI N (p<0.001 ; Fig.
2a). Z O3 OMFH# I UT T2 A (CLe-sp
o) CROZEHEFREBRZFICB TS ZOET
EAEWD, HFHEREEEICHE DL HONEEND D
e, ME7IVT I MEOR FESNTR#Z U
TS UAENTEETA, MIETIVT I MEL0
g/dIPL 1T 115.6 +10.8 ml/hr, MIiE7 )L 7 3 2 3.0
- 4.0 g/dIT71.9 + 8.3 mlhr, IMiE7 LT 3.0
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g/dl A3 T 68.3 & 8.6 ml/hr & 72 D BeBEAICIX R L
TWHENHEI N (Fig. 2b).

Study 3 T31 4 DEMITFRERE (1B CHF
K%, FFEEZ224) TR Din vivo CYP3ATE
FZ (CLcosgne) & invivo CYP2CI9FERE (CLops—s50m-
o) BRI EZA, CYPSAR#MZ U T T 2 A3,
@ p N (135.6 = 14.4 mUhr) ICEEEE LT, 180
F2 8% (86.4+10.2 ml/d) T36% KT, M
ZEHF (68.4+8.7mlhr) TH0%DIKT &> 7z,
— B CYP2CIOR# 7 U 7 5 > 13 @ % A
(11455 £ 87.5 ml/hr) 1Tkl LU T, 18 EE
(251.3+19.7 ml/d) T78% DIXF, AFELRH

-
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(=20 S
& o

@D
[=]

CL cortisoi—ep-onr (MI/hr)
5 3

[~
o

o

Healthy Subjects Chronic Liver Disease

Fig. 2a. Three-hour metabolic clearance (CL. g5 ) in
30 healthy subjects and 47 patients with chronic
liver disease seropositive for hepatitis C virus. **

1 P<0.001 compared with the healthy subject. Data
indicate the mean==SEM. ** : P<(0.001 compared
with the healthy subject

c Ltorﬂsol—)sp_oup ( ml/h r)

Healthy Subjects Chronic Hepatitis Liver Cirrhosis

Fig. 3a. Three~hour metabolic clearance (CL g ) in 30
healthy subjects, 9 chronic hepatitis and 22 liver
cirrhosis caused by hepatitis C virus infection. Data
indicate the mean= SEM. *: P<0.05 compared with
the healthy subject.

(88.7+27.3 ml/hr) TIX DK F&7/2D, CYP3A
#7175 AR L TRkEL EAS
K~ Z/RL7z (Fig. 3a,b).

Study 30 H 5 —DDHMTH 2 iFfEE & CYP
B RNER S 7258 ORERTIE, BHFE
BEFITHBIT S 0PZ/50H-0PZ L ((R#7 U7 5
A EHEMBEEFR) 1E, EM (*1/%1, n=28)
17.15+2.12, IM (*1/%¥2, n=11: *1/*3, n=6)
20.02 +2.63, PM (¥2/%2, n=3; *3/*3, n=23)
26.04+315DEIC EFRLTHED, Winbd @y
ANBED & & i nR (EM, 0.81+0.09;1IM, 1.55
+0.20; PM, 155+152) &L THEIC (O

CL onisorsp-onr (Ml/hr)
533808

N
o

o

Alb <3

Alb 3~4
Alb (g/dL)
fig. 2b. The mean == SEM of 3-hour metabolic clearance

(CLc-6p-uc) in 47 patients with chronic liver
disease seropositive for hepatitis C virus reduced in
accordance with the serum albumin decrease. Data
indicate the mean == SEM. * : P<(.05 compared
with the value obtained from the patients of 4 =
Alb.

Alb 4=

&) o o«
g 8 8
S & &

CLoprz-s010Pz (ml/hr/k
-
8

200

0
Healthy Subjects Chronic Hepatitis Liver Cirrhosis

Fig. 3b. Three—hour metabolic clearance of omeprazole
to 5-hydroxy omeprazol after an oral 20-mg
omeprazole load (CL,, son4-0p)in 30 healthy
subjects, 9 chronic hepatitis and 22 liver cirrhosis
caused by hepatitis C virus infection. Data indicate
the mean=SEM. ** : P<(0.001 compared with the
healthy subject, ¥ : p <0.05 compared wit chronic
hepatitis..
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<0.01) #EIML TWwiz (Fig. 4. Mt d
PMIZEMICItEE L CTL0MEUL L0 F Bl 2 R
L, % ANBEOPMIIIHEEHEM &R OHE %
~UT=.

v, & =

Study ITRRH 27U T I ATRDENS
CYP3A{E 1A ¥ i diltiazem (180 mg/ H) 1T &
D, KB60%ITIET, ZDCYP3AEMEDE NI
AR EZFICBITHEER T EFEFREOME L
7557z (Fig. 1b2H). ZOFIFOERTH AL,
FFREZS B 12 BN TIZCYP3A TR# SN DY)
ZRAL 56, @ A D60 % 157 72 WL i 73
fie)] (CYP3A) UMzl nwHEEZEKL Tha,
Z @ diltiazem 60 mg 1 H 3[A] % 5 @ % 5 & |4,
Varhe A 5 #45 @ [F] 15 % & diltiazem 73 i iR 35 A 5K
triazolam @ Cmax Z (NAUC % 2-3{Fi2Ema &5
HEMREFEKZEBEDNS Y., K@z 75>
A & 6BOHC/C . & DLk T, 68 0HC/C b
M diltiazem B G DE T ESWAVNE <R =%

35T

300

X

13, cortisol &7 U7 T ZADEFHDD, KK
ENEMT B RIEIN TS 2 ENTHES
N, REMI7UT7 I 2A0ENLD LNWEEEE X
5N7z. FE 721 cortisol fiEf D & Wy H H D 43 8 R
Kok 2 HPAHZ U T T > 1T 24 K5
ROK# I )T T 2 A LB S NzE
KO, EOHPFERE P AR XD R 7]
HETIERWNEZZ 5N D0,
JFFEZE 2 3 T8 1 5 )R R TU 3 AT bl
LT, RFEMRin vivo D CYP3A DCHTEEEIE IS
Study 1 Tl3#748%, Study 2 TId44% (X FL Tz
M, MO FRETIIENSSVWKTTENENDEE
MY %. Adedoyin<>Branch 5 D 7 )L — 71, #%
E~h S EEERFICZNENOCYP ) FHEOD
HEEY) (probe drug) & kA St in vivoD CYP 4y
TFTHORBBEREEZ RO TS, ZO/HR
CYP2C19 (Mephenytoin) T 77%, CYP3A (Dapson)
T28%, CYP2D6 (Debrisoquine) T 4% DK D&
WIHBHZEEHRELTVWDEY, £EECTINV—T
13X BT < DFHEZE AT probe 32 #5 5- U /=i
Z%T, CYP2C19> 3A4, 1A2>>2D6>2E1 DJEIZIK

*%
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Healthy Subjects Chronic Liver Disease

Fig. 4. In 30 healthy subjects and 31 patients with chronic liver disease (9 chronic C type virus caused hepatitis and 22
liver cirrhosis) having the respective CYP2C19 genotypes the omeprazole hydroxylation indices rs (OPZ/50H-
OPZ) were evaluated. Abbreviations: EM = extensive metabolizers with the genotype of *1/*1, IM = intermediate
metabolizers with the genotype of *1/*2 or *1/*3 and PM = poor metabolizers with the genotype of *2/*2 or *2/-3 or
*3/*3., OPZ/50H-OPZ = plasma omeprazole to 5-hydroxyomeprazole ratio. For the determination of the genotype
peripheral blood were obtained and deoxyribonucleic acid (DNA) was extracted from peripheral leukocytes. Data

indicate the mean = SEM.

** p<0.01 compared with the control subjects having the comparable genotypes of CYP2C19, ¥ ¥: p<0.001
compared with other genotypes (EM, IM) of the control group, ¥ : p<0.05 compared with EM patients of the chronic

liver disease. N.S.: not significant.
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DIETOENE, ZOREICKD RS> THER
s, SHEFIENECEFRETOEX N Tho
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