PILSICAINIDE IN PATIENTS WITH CARDIAGC ARRHYTHMIAS

TableII Final Population Pharmacokinetic Model Formulated Based on
Data Obtained From 91 Patients After Intravenous Administration of Pilsicainide

Parameter Symbol

Annotation Value SE

Fixed effects”

8,, L/min/kg CCR coefficient in Fac 3.28 0.582

6, Female coefficient in clearance 0.498 . 0.0681

V,, L/kg Volume of central compartment 0.0775 0.0190

Q, L/min Intercompartmental clearance 1.73 0.318

8,, L/kg Intercept of volume of peripheral compartment 0.783 0.119

0, AGE coefficient in volume of peripheral compartment 0.00627  0.00190
Random effects®

0y, Interindividual variance of CL; 0.0198 0.0182

%y, Interindividual variance of V; 0.101 - 0.118

o’ Interindividual variance of Q; 0.175 0.0811

%y Interindividual variance of V,; 0.0635 0.0168

o’ Intraindividual variance of C 0.0339 0.00888

SE = standard error of mean for estimation; CCR = predicted creatinine clearance (L/min/kg); AGE =age (years); CLyy = typical value of clearance (CL) in the pop-
ulation (L/min/kg); SEX = 0 for male and 1 for female; Vypy = typical value of volume of peripheral compartment (V) in the population {L/kg); P;= estimated
pharmacokinetic parameter in the jth individual; Pyy = typical value of a pharmacokinetic parameter in the population; nP;= jth interindividual variability in
Pryi Cjjand Cpred jj = ith observed and estimated plasma concentrations of pilsicainide in the jth individual, respectively; ;= ith residual varjability in plasma

concentration of pilsicainide in the jth individual.
a.Fac=8, « CCR; C
b. Pj= Proe( +-r1P,); Cii= Cpmd’i/ e {1+ e,.j).

CL, V,) estimated by our population PK analysis (Fig-
ure 1, Table 1I) agree well with those reported in the
conventional PK studies.®®"® The reason female pa-
tients possess significantly (P < .01) lower body-
weight-normalized CL than male patients do (Table II)
remains unclear. However, we are tempted to speculate
that a gender difference in the activity of certain un-
identified renal OCTs may be associated with our find-
ing. Involvement of active renal tubular secretion of the
drug has been strongly suggested by previous stud
ies®** because the renal CL of pilsicainide is approxi-
mately 2 times greater than creatinine clearance in
healthy subjects. Shiga et al® demonstrated that the re-
nal elimination of pilsicainide is interfered with signif-
icantly by the coadministration of cimetidine, which
has been shown to inhibit active tubular excretion of
various cationic drugs (eg, procainamide®™ and
metformin®), Since pilsicainide is a cationic com-
pound, certain OCTs may be involved in its renal elimi-
nation. To our knowledge, no data are available on
whether gender difference exists in the OCT activities
in human renal tubular cells. However, previous stud-
ies'®"® demonstrated that female rats have a substan-
tially lower OCT activity for tetraethyl ammonium and
other cationic small molecules and lower level of
mRNA expression of OCT2, but not of OCT1, than male
rats in renal tubular cells, Similarly, the activity of the
renal organic anion transporter (OAT) in female rats is
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L = Fac ¢ (1 - SEX) + 8, ¢ Fac ¢ SEX; VpTV =4, + 6, « AGE.

also significantly less than in male rats.”**' Recently, fe-
male patients have been shown to have a 50% less
systemic CL of telmisartan, an angiotensin II receptor
antagonist, than do male patients,?® The drug and its
conjugate are claimed to be excreted primarily into bile
via an OAT, canalicular multispecific OAT.*

The sequential population PK/PD analysis using the
effect compartment model revealed that the patients
who exhibited a BrS-like ECG pattern (coved or saddle-
back ST-segment elevation >1.5 mV) after pilsicainide
administration (responders) also showed significantly
(P < .01) greater prolongation of PQ and PEQ intervals
compared to those who did not exhibit the ECG pattern
{(nonresponders), E,,, values of APQ and APEQ in the
responders were 40% and 50%, respectively, greater
than those in the nonresponders (Table II, Figure 3).
These findings are consistent with previous stud
ies’”#% conducted .in patients diagnosed with BrS
based on ECG responses elicited by the administration
of various class I antiarrhythmics (flecainide,
disopyramide, and mexiletine), using similar diagnos-
tic criteria as employed in the present study. Our data
suggest that pilsicainide-induced ST-segment eleva-
tions mimicking BrS and greater prolongation of
intracardiac conduction may be attributable to exag-
gerated responsiveness of sodium channels to
pilsicainide. Since BrS is a sodium channelopathy,
these parameters may serve as useful tools for probing
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Table I Final Population Pharmacodynamic Model for the Relationship Between Effect Site Pilsicainide
Concentrations and Electrocardiogram Parameters Associated With Intracardiac Conduction (n = 77)

Pharmacedynamic Parameter AP APQ APEQ AQRS
Number of pharmacodynamic
data points 296 296 296 352
Error model :
Interindividual Proportional Additive Proportional Proportional
Residual Additive Proportional Additive Proportional
AOBJ 18.428 54.971 12.101 81.604
Fixed effects ‘
Keorve min™ 0.330 {0.0981) 0.0756 (0.0118) 0.130 (0.0609) 0.0108 (0.0321)

Keorv @ (1 - STE} + 8 » Koy © STE
EmaxTV’ ms

Epaxry + 6 ¢ AGE

Epaxry © (1 =SEX) + 8 @ E 4y ® SEX
E v (1—=STE)+8 ¢ E v ¢ STE
ECsqy g/mL '

ECsqrv + 0 ¢ AGE

46.6 (16.1)

13.7 (13.0)
-0.174 (0.167)

Yrv 0.577 {0.111)
Random effects

0%ken 9.59 (8.70)

0 g 0.347 (0.160)

®’gcs0 1.66E-8 (2.50)

o?, 0.294 {0.218)

st 40.4 {10.6)

743 (438)

— — 1.33 (2.08)
— — 9.67 {4.20)
73.2 (11.2) 26.2 (9.37) 26.4 (24.7)
— — 3.58 (0.324)
1.34 (0.156) — 1.55 (0.282)
1.38 (0.135) 1.48 (0.237) —
4.19 (1.31) 0.675 (0.354) 4.97 (11.0)

-0.0504 (0.0181)
0.828 {0.0663)

1.61 {1.25)

0.658 {0.173)

2,18E-9 (0.00183)  1.12(0.988)
0.376 (0.100)
1.34E-8 (0.132)
0.382 (0.978)

53.0 {10.5)

25.1 (12.0)
0.361 (0.566)
9.06E-5 (3.54)
0.343 (0.336)
0.140 {0.0378)

0.468 (0.574)
0.215 {0.127)
0.0503 (0.0136)

Data are presented as population mean (SE). AOBJ = decrement of objective function value from basic model; Koy, Emaxvs ECsorve and ¥py = the typical values of
effect site elimination rate constant (min), maximum effect {ms), effect site pilsicainide concentrations associated with a 50% Emgy (1g/mL), and shape parame-
ter {ie, Hill coefficient) in the patient population; @?, =the interindividual variance of each parameter; 62 = the residual variance of pharmacodynamic response;
AGE = age {years); STE = 0 for nonresponder and 1 for responderabout >0.15 mV S$T-segment elevation after intravenous pilsicainide administration; SEX = 0 for

male and 1 for female; SE = standard error of mean for estimation.

sodium channel function in patients who have
arrhythmias suspected of BrS.

Our data should be interpreted with caution because
of the limitations described below. First, our patients
were not homogenous regarding demographic and
clinical backgrounds. For instance, patients with atrial
fibrillation {group C) were significantly older and had
lower CL,, compared to those suspected of BrS (groups
A and B, Table I). In addition, female patients were
more prevalent (36%) in the atrial fibrillation group
than in groups A and B (16%). Since we analyzed the
population PK of pilsicainide by incorporating age,
CL,, and gender as independent covariates, we con-
sider that our conclusion would be tenable for the bias
associated with patient heterogeneity described above,
Nevertheless, we cannot categorically deny the possi-
bility that atrial fibrillation has a unique effect on the
PK of pilsicainide independent of age, CL.., and gender.
In this context, further studies are required to clarify
this issue. Second, because the number of patients who
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participated in our population PK and PD study was
relatively small, it was not feasible to undertake model
validation to assess stability and performance using a
data-splitting method. Thus, further studies are neces-
sary to confirm our findings using a larger number of
subjects. Finally, there are fundamental difficulties in
the accurate diagnosis of BrS. All patients who partici-
pated in the present study had a family history of car-
diac sudden death, syncope episodes, and rightbundle -
branch block coupled with typical or marginal ST-
segment elevations in ECG at rest despite structurally
normal hearts. ST-segment elevation of >+0.15 or +0.20
mV after the administzation of class I antiarrhythmic
agents has been proposed as a diagnostic criterion of
BrS,” while its sensitivity and specificity remain to be
confirmed by a large clinical trial. While many genetic
mutations of SCN5A have been implicated in the
arrthythmogenicity of BrS,”*® such mutations are de-
tected in at most 20% of the patients who met the above
diagnostic criteria of BrS.*** Therefore, caution must
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Figure 2. (a) Scatter plots of the observed APEQ interval versus the
interval predicted by the final population PK/PD model, with refer-
ence to the line of unity {y = x). (b) Scaiter plots of weighted residu-
als of the APEQ interval versus the final population PK/PD model-
predicted values.

be exercised in interpreting our data in the light of diag-
nostic usefulness, particularly in association with
genetic mutations of SCN5A, until a more satisfactory
method for molecular diagnosis of BrS becomes
available.

In conclusion, we have performed a population PK
analysis of the pure sodium channel blocker
pilsicainide in patients with cardiac arrhythmias. We
found that gender and CL,, are independent covariates
associated with systemic clearance of the drug. The
population PD analysis revealed that the patients who
developed BrS-like ST-segment elevation after the ad-
ministration of pilsicainide also have a greater
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Figure 3. Relationships between plasma pilsicainide concentra-
tions and prolongation of PEQ interval relative to the baseline values
fie, APEQ} in patients after iniravenous infusion of pilsicainide.
Thick and thin curves represent the typical plasma drug
concentration-response relationship with time-sequence depicted by
arrows in the patients who developed the exaggerated ST-segment el-
evation (@] and those who did not (O}, Note that the phenotypic trait
of the ST-segment elevation >0.15 mV from the baseline fracing is a
significant (P < .05) covariate for the maximuin prolongation of APEQ
(Eqax). Detailed descriptions of the population PK/PD analysis are
given in the text,

dromotropic effect in PQ and PEQ) intervals than those
who did not. Our data further support the idea that ST-
segment elevations observed in patients with BrS may
be associated with greater susceptibility of sodium
channels to class IC antiarthythmics.
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In Vivo Metabolic Activity of CYP2C19 and
CYP3A in Relation to CYP2C19 Genetic
~ Polymorphism in Chronic Liver Dlsease

Akihiro Ohnishi, MD, PhD, Shigeto Murakami, MD, PhD, Setsuko Akizuki, PhD,
Junko Mochizuki, MD, H1rot09h1 Echizen, MD, PhD, and Ichiro Tal\agz MD, PhD

To study whether chronic liver dweas'e (CLD) and genefu
polymorphism affect the hepatic activity of eytochrome P450
(CYP) isoforms, we comparedin vivo CYP2C19 and CYP3A
activities using 3-hour mnepmzo]e hvdloxylatzon index
(plasma. concentration ratio of omepz azole to its 5-
hydroxylated metabolite; ‘a higher index indicates lower
CYP2C19 activity) and pertial formation clearance of cortisol
to 6f-hydroxyvoitisol (Clyiisepric) in 31'CLD patients (9
with chroni¢ hepatitis; 22 with cirrhosis comprising 20 Child-
‘Pugh type A, 1 lype B, and 1 lype G) and 3¢ healthy subjects
with dzﬁéz ent CYP2C19 genotypes. The mean (:SEM) ome-
prazole hydroxylation index in CLD patients with homozy-
gous extensive meitabolizer (EM) Uerzotypp (*1/%1, n = 8),
hetezozyous EM (*1/%2, n = 11; *1/*3, n = 6) genolypes and

poor metabolizer (FM) genotypes (*2/*2, n = 3; *3/*3, n.= 3)
. were 17.15+2.12,20.02 + 2.63, and 26.04  3.15, respectively,
which weie significantly higher compared with conirol sub-
jects with the corresponding CYP2C19 genotypes (0.81+0.09,
1.55+0. 90 and 15.5+ 1.52). CLD patients with PM genotype

had significantly (P < .0: 5) higher o’m'epm/ole‘hydz 'oxylation

indexes than did those with homozygous EM genolype, and
those with heterozygous EM genotypes had intermediate val-
ues. The mean. Cliyysursen s decreased significantly (P <

+.001) in CLD patients compared with control subjects (1.19 % ¥

0.12versus 2.26 % 0.24 mL/min). Multiple regression analysm )
showed that CLD, serum albumin level, and CYP2C19 geno-
type correlated signific antly (P < .05) with the ()mep;azole
hydroxylation index, whéreas no significani correlation was
observed betwesn CL_, 0. septic and other variubles, excepl
CLD. Because CLD and genetic polymorphism of CYP2C19
act additively to reduce CYP2C18 activity, genotyping these
patients may be of value in averting adverse reactions of
drugs that depend on CYP2C19 for elimination.

Keywords: Chronic liver disease; .cirrhosis; f,ytor,hmme
P450; CYP2C19; CYPSA

Journal of Clinical Pharindcology, 2005;45:1221-1229
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hronic liver disease (CLD) inchiding cirrhosis,
irrespective of the cause, is associated with a re-
duced number of functional hepatocytes and the devel-
opment of a pathological intrahepalic portosystemic
shunt. As aresult, the systemic clearance of drugs that
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undergo hepatic metabolism is often reduced in
patients with CLD. Drug clearance via oxidative drig
metabolism (mainly cytochrome P450 {CYP]) is known
to be reduced in CLD.Y Two studies have demonstrated
the in vivo metabolic activities of 3 major CYP isoforms
in patients with mild to moderate CLD,** using
mephenytoin, dapsone, and debrisoquin as the model
substrates for CYP2C19, CYP3A4, and CYP2DS6, re-
spectively. These studies reported a preferpntial re-
duction of CYP2C19 in CLD patients (77% from the
healthy controls) compared with CYP3A4 (28%) and
CYP2D6 (4%). Several other studies have also exam-
ined the differential effect of liver disease o CYP activ-
ity*” Although the existence of such effects of CLD is
clinically important in the prescription of drugs in
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Table I Demographic and Clinical Characteristic of the Healthy Subjects and Patients Wlth Chronic
lem Disease Enrolled in the Present Study

Patients With Cirrhosis

Pahents With Chronic Hepatitis Healthy Contl‘él;s
No. of subjects or patients 9 22 30
Gender, male/female 8/1 14/8 18/12
Age,y - : 66+ 0.5* 70.8 + 6.1 50.6+16.4
Child-Pugh score® _ - 20/1/1 NA
AST, TU/L - 47.5 £ 36.8* 78.5 +27.1* 25.7 £14.1 -
ALT, IU/L 58.4 £ 65.5*% 61.4 £ 23.0* 26.9+8.0 -
Total protein, g/dL 7.940.6 7.4£0.7 75405
Albumin, g/dL 4.3+05 37 £0.5% 44104
Total bilivabin, mg/dL 05102 1.6+3.3 0603
Prothrombin index, % 92.6+9.1 77.84£11.5%* " ND -
Creatinine, mg/dL 0.7 £0.22 0.9+031 0.8+0.24

Data are mean ¥ SD; &
ND = not determined.
a. Classification ceported by Pugh et al.1*
*P < .05 comparéd with control.

A1 laboratory data shown are assayed in serum; NA = nct applicable; AbT = asparate aminotransferase; ALT = alaume ammocransferase

*%P < 05 compared with chronic hepatitis; gender difference was not significant among 2 groups by %? analysis.

these patients, no subsequent studies have conﬁrmed
this finding.

Besides CLD, genetic polymorp}:usm i$ another im-
‘portant covariate of CYP act1v1ty in certain ispforms.?
Because CYP2(19 is involved in the hepatic metab-
olism of many therapeutically important drugs, its met-
abolic activity is under control of genetic polymor-
phism. At present, as many as 15 variant isoforms
have been reported and some of them (eg, CYP2C19*2
and CYP2C19*3 alleles) have been shown to be associ-
ated with defective enzyme function.® Previous stud-
ies™®" have shown that the possession of either the
CYP2C19*2 or the CYP2C19*3 allele is associated with
reduced in vive CYP2C19 activity, depending on the
gene dose; the GYP2(19 activity is lowest in the poor
metabolizer (PM) genotypes (CYP2C19%2/*2, *2/*3, or
*3/*3), followed by the heterozygous EM genotypes
(CYP2C19%1/%2 or *1/*3) and then the homozygous
EM genotype (CYP2G19*1/*1). Because the prevalence
of defective alleles {CYP2C19*2 and *3) in Asians,
mcludmg Japanese, is greater than that in whites,>'%" it
is inportance to study whether the genetic polymor-
phlsm of CYP2C19 would have an additive effect on
the in vivo CYP2C19 activity, particularly in Japanese
patients with CLD.

In this context, the aims of the present study wereas
follows: (1) to investigate the in vivo CYP2C19 activity
in Japanese CLD patients with different CYP2C19 ge-
notypes to assess the degree of interaction between
CLD and genetic polymorphism on CYP2C19 activity,
(2) to investigate which routine biochemical markers

1222 o ] Clin Pharmacol 2005;45:1221-1229

~and weighing 40 to 74 kg (56.9 =

are clinically useful to predict CYP2C19 activity in
CLD patients, and (8) to mvesngate the CLD-induced
changes in CYP3A activity using the 3-hour partial for-
mation clearance of cortisol to 6B-hydroxycortisol (6pB-
HC) as an in vivo CYP3A index.

MATERIALS AND METHODS

Thirty-one hepatitis C virus (HCV)-positive patients
with chronic hepatitis or cirrhosis were studied. The
diagnoses were established by histologic findings of -
liver biopsy and diagnostic imaging using computed
tomography and ult‘rason.ogl‘aphy,Table I shows:the
demographic and clinical characteristics of the 31 pa-
tients and the 30 healthy subjects who were enrolled in
this study. The study protocol was approved by the
Jikei University Ethics Committee. The nature and pur-
pose of the study were fully explained to each subject .
before written informed consent was obtained.

Nine patients with chronic hépatitis (8 men and 1
woman) aged 52 to 84 years {mean £ SD, 66.0£9.5 years)
10.2 kg), as well as
22 biopsy-proven cirrhotic patients (14 men and 8
women) aged 62 to 86 years (70.8 £6.1 years) and weigh-
ing 38 to 74 kg (55.1 £9.0 kg) were studied. The subjects
were hospltahzed at the Daisan Hospital of Jikei Uni-
versity School of Medicine. All patients were diag-
nosed as having chronic HCV infection by the detec-
tion of HCV-specific messenger RNA and antibody.
One cirrhotic patient manifested ascites confirmed by
abdominal ultrasonography and computed tomogra-
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IN VIVO CYP ACTIVITY IN GHRONIC LIVER 'D‘ISEA SE

phy Tlve ourhotlo pahentq had endoscoyy-conhrmed'
e%ophaﬁeal varices. The severity of liver impairment

" (citrhosis) was ¢lassified according to the Child-Pugh
chs51ﬁcat10n 14 Among the mrrhotlc' pa‘nents, 20 were

mtrahepanc po1tosyqtemlc sbuntIS Their

1 Theylwere normoton sive and had rio abnotmalities in
12 10ad .eled sardiogram (ECG) récordings. All pa-

dthad 1o d rugs or foods that mlghlhave in-

,years) and weighing between 32 and 86 kg (61.5+12.7

kg\ parholpated in the study. All sub]ecls were con-

‘good general health based on a complete
ination, a standard 12-léad ECG, hemo-
ical ]abomtory tests. Thoy hadno known
erglc reactions to drugs or gaetromtestl-

influerice. 6n CYP activity.

' After ?f'lstmg overmght healthy subjects. and. pa--

tients with CLD received 20 mg omeprazole with 200
mk of water, and blodd satmples were withdrawn at 1,5
dosing to determine plasma cottisol con-
genfration -and at 3 hoiuirs after dosing to determine

plasma concentrations of omeprazolé and §-hydroxy- A
omeprazole. In addition, 3 3-hour timed urine samples’

were collected. DNA samples were extracted from the

buffy coat of blood samples, according to the standard

: protocol descnbed below. All samples weré numbered

3 ) anonymrusly to ensure the partmlpants

,pnv'xcy ‘All'enrolled sabjects and patients were asked
- torefrain from qmokmﬂ during the entire stu dy period.

Genoty pmg.

beven mﬂhhters of per 1phera1 blood was obtained, and .

~ DNA was extracted from peripheral leukocytes usinga
- DNA extraction kit (Iqum(‘k Micro Probe Co, Garden
- Grove; (‘th) Genotyping analysis of the polymorphic
E '.CYPZClQ genes was performed according to the meth-
‘ orais et al** and Kubota et al.® The

'?(‘YPZC‘JQ*Z and CYP2C19*3 alleles were detected by -

'polymeraqo chidin reactiori methods using: the fol-
lowing allelé-specific” primers: for Ldentlfylng the
 CYP2G19%2 allele; “he. forward primer was 5/-
: AATTACAACCAGA(TCTT('GC 3’ and the teverse
’ TATCACTTTCCATAAAAGCAAG-3'; for
ig’ Lhe CYP2C19%3 allele, the forward primer
was 5 AA(_.AI LA(J(:AI TGTAAGCAC:, and the re-

‘PHARMACOéENOM!.CS

biochetriical data are smmarized in Table -
hospltahbed for at least 2 weeks before

i‘healthy mern, agod 25 to 67 ; years (50 61164

"'dise "e, .they took no druos or fOOdb Lhat mlght have an.

' verse primer was 5 —TCAGGGCTTGGTCAATATAG 3.

Amphﬁod fragments were digested with endonuclease

“Msp I (25 units) for CYP2C1 9*2 and Bam HI (25 iIhit) o
for CYP2C19%§ follow edb y electrophoresxs in 3% aga-

rose gels. :
Phenotypes of GYP2C19 were. pwdwted based on

“the band patterns of the polymerase chain reaction

products, according to‘the method of Kubota et al.®*-
Briefly, samples showmcr sither CYP2C19*2 -or
CYP2C19*3 mutation in a- homozygous state or’
CYP2C19*2 and CYP2C19*3 iutations in a combined -
heterozygous state were classified as the PM pheno-
type. Samples showing either CYP2C19*2 or
CYP2C19*3 mutation in-a heterozygous state ‘wefe
classified as the heterozyoous EM phenotype, and. -
those showing no CYP2C9*2 or CYP2C19*3 alleles
were dassxﬁed as the hOﬁlOl.ngUb EM phenotype.** 1

Determination of Omeprazole.vand Its
5-Hydroxy1éitéd Metabolite 'm’ Plasma Sa.mples‘

Omeprazole the -hvdroxv metabohte of omepraz;ole.
and an internal standard [4,6- dunethyl -2- [(4-melhoxy- .
2- pyndlnvl)methyl]qulphmyl] -1H-bénziinidazole] in
plasma samiples (500 uL) were exiracted at pH 7.0 iito
ethyl acetate (1 mL)."® A portion of the extract (150 pL)
‘was injected onto a normal-phase liquid chromato-
graphic column (LiChrospher Diol, 5 pm, 120 X 4.0

< mm, Meirck, (xennanv) The mobile phase consisting ofv'
'0.05% ammoniwm hydroxide, 0.8% water, 8% moth'l-

nol, and 55% ischexane ir ethyl acetate was delivered
at a flow rats of 1.0 mL/min. Retention times were 3.5,
'8.0, and 5.5 minutes for omeprazole, the 5-hydroxy-
omeprazole, and the internal standard, respectively.:
The analytic compounds in the eluate were detected:
using a UV absorption méthod at 302 nm. The absolute

-recovery of omeprazole was greater than 90% at 25 to

2500 nmol/L, and that for 5-hydroxy metabolite was-
70% at 50 t6 3000 nol/L, The limit of quantification
for omeprazole dand 5-hydroxyomeprazole were 25 arid

50 nmol/L, respectively, with coefficients of varlatlon
(CV) of less than 20%. ‘ '

Determination ?lasma Cortisol and Urinary -
GB-Hv‘dro‘cvcortieol Levels

~Urinary concentrations of unconjugated 6f- HC wete

assayed with a high- performance liquid chromatogra-
phy (HPLC) ooupled with an wltraviolet (UV) absorp-
tion method according to that-of Bienvenu et al, with”

_minor modifications. 1738 Briefly, the mobile phase con- -

sisting of mixtures of acetoniirile/water/! LrlchlorOderC o
acid (8/92/0.0008 vol/vol/wt ‘Téspectively) were ad—

1233



OHNISHI ET AL

justed to pH Z 5 by phosphoric acid and used in the as-

~ sdy. The HPLG system consisted of a reverse phase col-

‘umn (Prodlgy S;LODS 150 x 4.6 mm, Phenomenex,
Torrance, Calif), a pump (L-7100; Hitachi Co Ltd, To-

’ kyo Japin),a UV detector (UV-8000; Tosoh Co Ltd, To-
kyo, Japan) setat 244 nm, and achromato-integrator (D-
7500, Hitachi). The recovery rates for 68-HC, and the

. internal standards extracted from urine samples were
~ greater than 95% with CV below 4%, Within-day and
betwpen-day CV for detefmining 200 arid 20 ng/mL of

urinary 6B-HC and’ cortisol were both below 5%.

Plasma cortisol concentrations were assayed using a
fluorescence polaruatlon immunoassay method (TDX
bystem Abbott Dlagnosncs, South Pasadena, Calif).
Samples were prepared according to the manifac-
 turer’s instrijction. Within-dayand between-day CV for

determmlng D 05 dﬂd 0.1 ug/mL corubol were both be-
‘ lOW 0/0

:th macokmehc and Statlstlcal Analyses

Parual (.OI‘USOI dearcmue to 6p-HC (CL, mﬂso‘-enf}-l-l(‘) was
calculated as follows

- CL(,OH:LSOI—)SS—HC“ [Aegg: HC)/ 3l (-'c.umsol (E,quatlon 1)

where Ae(eﬁ Hc)/ 3 represents the average urmary excre-
“tion rates of BB-HC during the 3-hour urine collection
period, and C;,. is the plasma cortisol concentration
determmed at tho midpoint of the urine collection
penod

]:.quatlo_n 1.is based on the assumption that the rate
-of 8p-HC fo nat;Qn from cortisol equals the rate of ap-
,'pmrance inurite and that 6-HC is eliminated in the
uring Wlthout further metqbohsm In addition, Equa-
tion 1'is based on the assumption that the midpoint
plasma cortisol corcentration represents the mean
plasma cortisol concentration during the urine sam-
pling period -and that collection of urine is com-
plete, Based on these assumptions, we consider that
(‘L'(-c:msal-—)sﬁ e would represent the enzyme activity in-
volved in the formation of 68-HC.from cortisol, This
" parameter h'm been roportod -and assessed previ-
cusly by our gmup u:mg a potent CYP3A iahibitor,
_ ddrlthromycm
"Data-are expr

ressed as mean + QEM thraughout the

stu dy, uri ssotherwise stated. The inean values for the .

'omeprvole hydmxylatl on index and Cliamicorsparc De-
tween the GLD group and the control group as well as

within the same group were compared statistically by

multiple comparisons analysis followed by Dunnett’s
test. Correlation between the above 2 indices of the in

vivo metabolic activitiss of CYP2C19 and CYP3A and -

chmcal charactemsllcs dnd/ or blochemwdl parameters
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F'igufpi The mean (* SEM) of oméprﬁmﬂé hydroxylation index

(OPZ/50H-OPZ) in heaithy subjects and patients with chronic liver
disease having the respective genotypes of CYP2C19. EM = extensive
metabolizers with the homozygous wild-type CYP2C19 genolype; °
heteroEM =_heterozygous extensive metabolizer witli the heterozy-
gous CYP2C19*2 or CYP2C19*3 genotype [CYP2C18%1/%2 or *1/*3);
PM = poor metabolizers with. homovygouq CYP2C19*2 and.
CYP2C19*3 (CYP2C19%*2/*2 or *3-*3) vr coinbined helerozygoub
[CYP2C18*2 and CYP2C19*3 geniatypes (CYP2C19%2/*3); OPZ/
'50H-OPZ = plasnm omeprazolc to .5-hydroxyomeprazole ratio; .
CLD = chronic lver diseases {chronie hepatitis and cirrhosis). **P <
.01 compared with rhe ('Oﬂtl()] subjécts bavmg the correqpondmg ge-
notypes of CYP219.71P < .001 compared with other genotypes (EM,
heteroEM] of the conirol groip. 'P <105 compar ed with EM patients -
with chronic liver discase. :

was analyzed by multiple regression analysis (SAS ver-
sion8.2,SAS Iristitute, Cary, NL) A Pvalueof<, 05 was
considered statistically significant.

RESULTS

0mep1 azole to 5-Hydr oxyomeprazole Ratio
in the Contrels and Patients Wlth C.LD

The 3-hour omepram]o hydroxyh’uon index (ie, 3-hour -
postdose plasma conceniration iatio of omeprazole/s-
hydrokyomeprazole [OPZ/aOH OPZ] ratio) hag bhéen
considered to be a useful in vivo biomarker of CYP2C19 .
activity by many investigators."*?2 Because the index’

‘has an invetse relatronthp with CYP2G19 activity; a a. .

higher index indicates Yower in vivo CYP20C19 activity.
In healthy subjects with differeint CYP2C19 geno-

" types, the mean OPZ/50H-OPZ ratio was SIgmhcanﬂv

(P<.01) hlgher in subjects with the PM genotypes (15.5 -
+1.52) than in those with homwygous EM (0.81 £ 0.00)°

and hemozyao us EM (1.55£0.20) geniotypes (Figure 1):

In patients with CLD, the - mean OPZ/50H-0OPZ rauo'
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| conteot

CLD ok

00 1 18 2 25 3

CLco; llsol—‘LSI; HC
(mL/mm)

jI‘Igure9 Partza] rormauon riparapce ‘of cortmol to 6PB-

'hydmxym’*ttml {Cl ,mmsm_,,,g_m) in pntimtq 'with’ chronic }ver dis- )

ease and in control subjects. Cloottisol o= partial formatwn clear-
1C6 D ]t 6f3- }'ydz < iycomsol C'LD = chronic liver disease.

s hi mozygous EM g enotype (17 15 +2.12n= 7) and
" the ratio in those with hétérozygous. EM genotypes (%1/
A2, =110 %1743, n = 6: 2002 + 2.63) Was in between the

values of the 2 homozygous genolypeb The ome-

- prazole hydroxylahen index of patients with different
-+ CYP2C19 gehotypés was significantly (P < .01) greater
than that of control subjeutb with the correbnonchng
*genotypeb

Partml Formatmn Clearance of
Bﬁ-Hydroxycorhsol (Cmesnx_)sgmc)

The mean value of CLiortisolssprc obtained from CLD
patients’ was Sngﬁcanﬂy {P < .001) lower than that
obtained. from the control group (1.19£0.12 versus 2.26

+ 0.24 mL/mln) (Figure 2), In pa.tlentb with CLD, the
mean CL‘ sortisol 36 deC""eaSPd with an increase in sever-
ity -of liver’ impairmen ts as follows: 1,35 + 0.26 in pa-
_"uentq with chronic hepatms and 1,12 0,13 in patients
with cirrh 1

_bub)ectb

A _Correlatmns Between Omeprazole Hydroxylation
: 'Index or Cmel _)B}HG and Patlents Covariates

: Table 2 s'how» the results of multlpk regression analy-

sis between. the omeprazole hydroxylation index or
(;mel_,sﬂ e and patients’ covariates (ie, demographic

PH_ARMAC_OGENOMICS
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sis. The value was mgmfmdmly lower (P <.
.05)in pa;enis with urrhosu. compared ‘with control -

0 3 4 5
Serum Albuinin (g/dL)'

Figure 3. He]at)cms}ups belween omepmw]e hydroxy]atwn mdex :
{OPZ/50H-OPZ]} and serum concentrations of albumin in patients
with chronic liver diseases (GLD) and the healthy control subjects:

having different CYP2C19 genotypes: The CLI) patients with the -

CYFP2(18 genotypes of homozy gous exlended melabolizer, heterozy-
gous extended metabolizer; and poor metabolizer are denoted by .
closed circles (@), squures (#8), und trigngles(), respeutzvely, and the
healthy subjects having the corrésponding GYP2G19 genotypes dre
denated by open circles (O}, squares (O), and triangles (1), respec-
tively. Ihe relationship between.serum albumin level and
hydvoxylation index in CLD putients and healthy subjects is stutisti-
cally qvnzf cant{n=61,r=-526P<.001, Y=635-123X). OPZ,
50H-OPZ = plasmia omopmzole to 5- hvdwxyomem azole concen tm—
tion ratio. .

parameters and laboratory tests) in CLD patients and:
control subjects. A significant (P < .05) correlation was
observed between ome prdzole hydroxylation indéx and
disease condition, serum atbumin level, or CYP2C19 ge~
notype (Table 2), On the other hand, no significant corte-
lation was ohserved between CmeQle-)hQ-FL and all the
variables tested, except diséase condition (Table 2).

"There was a significant relationship between serum al-

bumin concentration and the omeprazole hydroxyla-

-tion index for overall data (n = 61, r=.526, P <.001)

(Figure 3). When wé analyzed the subset of CLD pa-
tients with the homozygous and heterozygous EM ge--

-notypes of CYP2C19 (ie, excluding control sub]ects and
" CLD patients with the PM genotype) the relation be-
~tween serum albumin concentration and omeplamlc »

hydroxylation index remalns_ad significant (n =25, 1=
—428, P < .03},

1225 .
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Table II Multlple Regre<;31on Analy sis on the Relatlonqmpb Between the in Vivo InlePS of CYP2C19
(Omeplazole Hydroxylation Index) or CYP3A Activity (CLisesep ) and Patients’ COVaI‘latPS in

Patients. Wlth Chromc Liver Diseases and Healthy Contlols ,

Vex sus Qmepl azole -Hydroxylatlon Index V_ersus CLC-'M»,I-S,;, 6RCHC
 n=61 " ‘p=e61
R*=.7300 _ R* = 3088 -
o Standardized Star,ida‘rﬁdizéd
Partial “Partial Partial . Partial
ST - Regression Regression Regression - Regression
Variable o (‘oeﬂiment r (oeiﬁment Coefﬁ(‘ipht ) B Coefficient .
" Disease condition® 13. 794.. <.0001 0.612 —0 056 0491 —0.420
Age: 0.014 - 8377 0.020 —0.012 2761 20,169
Sex- 0.081 - .9869 0.001 -0.277 .3673 -0.116
. Alburnin ; -8.026 .0085 -0.344 —0.501 3022 -0.213
“Total bllll‘ubln 0.641 2718 0:115 -0.007 9401 0,013 . -
AST- ~0.080 3175 . -0.268 -0.013 = 3589 -0.393
ALT 0052 .3862 0.162 0.011 2772 0.326
Serum ('redtmme -2.870 4739 ~0.064 =0.408 .5310 -0.090
CYPZ("lQ ceuotype ‘ (

AST, asparate ammo*ransferase ‘ALT, alamne amlnotransfetaae

11097 - <0001 0.403 . q.oaé 8171 0:030

a: Disease conditign ! ‘mypilie: patients with chronia hepatitis (n = 9}, patients with liver cirrhosis (n = 22), and healthy contro;s '
b CYPZC19 genotype implies 3 enotypes: homozygous extensive, heterozygous extensivs, and poor metabolizer.

e DISCUSSION V'

The precent studv is the first to 111vest1gate the influ-
encé of CL.D on the in vive CYP2C19 activity in patients

eprazole hydroxylation index (ie, 3-hour
postdose plasma OPZ/50H-OPZ concentration ratio),
We demonstrated a dramatic reduction in this
blomarker of inl vivo CYP2C19 activity in CLD patients
with the homozygous dnd heterozygous EM genotypes
10 the uxtent that 'rhe act1v1ty became comparablp to the

LYPZLIS hdve no fun(,tlonal (.YPZLIQ enzymea, our
‘ ﬁndmgs are compauble ‘with the notion that the ex-
pression of CYP2C19 in the homozygous or heterozy-
gous EM patients with CLD should have been sup-
pressed to an almost null level. Because CYP2C19 is
involved in the hepali: metdbohsm of many therapeu-
ncally 1mportant drugs other than omeprazole, pa-
tlents with CLD miay be susceptible to adverse reac-
tions from taking drugs that depend on CYP2C19
activity for métabolism. Ini addition, GLD patients with
-the PM genotype had a significantly (P < .05) higher
hvdroxyl ition index than those with the homozygous
EM genotype. Because the omeprazole hydroxylation
mdex has a reupwce.l rélationship with the in vivo

"1226 + J Clin Pharmacol 2005;45:1221-1228

havmg df [ferent genotypés of CYP2C19 using the 3-

CYP2C19 activity, whether this statistically significant
difference is associated with a clinically relevant dif-
ference in dose requirement remains to be studied.
Our data show a good agreement with the previous.
studies in patients with CLD' that demonstrated a

preferential reduction (77% from the baseline) of - -

CYP2C19 activity assessed by the hydroxylation, of -
mephenytoin c_omp"xrod with that of CYP3A4 (28%)
and CYP2D6 (4%) asséssed by hydroxylation of’
dapsone and debrisoquine, respectively. In the pw:,ent
study, the hydroxylation indéx of omeprazole in CLD-

patients with the homozygous EM genotype increased - -

more than 10-fold than that of the healthy subjects with . -
the same genotype, indicating a marked 1educt10n in

CYP2C19 dctivity associated w1th CLD.Ttis of notethat

the majority of our CLD patients had only mild liver
dysfunction \9 had chronic hepatitis, and 20 of 22
cirrhotic patients were Child- -Pugh type A), indicating, - .
that compared with other C‘[ P isoforms (eg, CYP3A4) o
the hepatic CYP2C19 activity is more susceptible to
CLD. This degree of reduction is in agreement with the

~report of Andersson et al. % In contrast, the index of i+~

vivo CYP3A activity, (JL(WO,_,SF,H(, obtained from CLD.
patients decreased to only a half of the control value.

Kimura et al** studied the omeprazole hydroxyla-
tion index in Japanese healthy subjects and patierits
with gastrointestinal disease and found that the hy- -
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~ droxylation indices obtained from 3 CLD patients with
CYP2C19*1/*1 (n = 1) or CYP2C19%1/%2 (n = 2) were
comparable with those observed in théir healthy con-
trols with the PM genotypes. Becauss they studied only
3'CLD patients under multiple dosing of the drug the\'
wére unable to conclude whether their finding was at-
tribitable to a CLD-induced reduction of CYP2C19 ac-
tivity or to partial saturation of the’ enzyme by multiple
dosing. Our data confirm that the dramatic increase of
the omeprazole hydrexylation index in CLD patients
does rc,p’resent a substantial reduction in the CYP2C19
activity in. CLD patients. Nevertheless, the precise
mechanism associated with the preferential reduction
of this CYP isoform remains obscure at present.

We found that the cmeprazole hydroxylation index -

obtained from CLD patients with the PM genotypes
was further increased as compared with healthy sub-
jects havmg the same genotype. Our data suggest

~that hepa‘uc drug metabolizing enzyme(s) other -

than CYP2C19 may be involved in the in- vive 5-
hydroxylatlon of omsprazole bécause both groups
have had no functional CYP2C19 enzyme. Our
* data are {Gonsistent with the study of Furuta et al,"
demonstratlng that the area under the plasma concen-
trations (AUC) ratio of OPZ/50H-OPZ in healthy sub-
jects with PM genotypes coadministersd the CYP3A4
inhibitor, clarithromycin, was 4 times greater than the
value obtained from the samé subjects given
omeprazole alone. In the present study, we obserwd
thatthe mean value ofa putative index of CYP3A activ-
ity, CLGD,,QS(,] sefcy was approximately 50% lower in CLD
patienis thanin control subjects. The data of Furuta et
al’® and of our study collectively suggest that CYP3A4
may be involved in pmt in the 5-hydroxylation of
omepra7ole
“There are certain limitations in the present study.
‘We assigned the phenotypes of CYP2C19 based salely
on the.genotyping of the 2 major mutations
{CYP2C19*2 ih exon 5 and CYP2C19*3 in exon 4). We
did not genotype other rare variant alleles (eg from
GYP2€19*4 to CYP2C19*12%%) that have been re-
. ported in’ 'on-Asmn populations. However, beuau»e
these 2 variant alleles have been shown to account
for 98% of the PM phenotype in the Japanese popula-
tion,*” -we consider our assignment of the CYP2C19
phenoyype to be valid. In addition, we evaluated the in
‘vivo CYP2C19 activity based on the plasma omepra-
. zole hydroxylahon index at 3-hour postdose after a sin-
gle oral load of 20 mg. Therefore, we cannot totally
: deny the possibility that an interitidividual variability
in the intestinal drug absorption may have jeopardized
aiy accurate assessment of the enzyme activity. How-

- PHARMACOGENOMICS

ever, Andersson et al® and Renetti et al” reported that '
time required to reach peak plasma concentration of
the drug was less than 3 hous after oral administration.
We therefore consider that the 3-hour postdose hy-»
“droxylation index wonld be a robubt in vivo index of
CYP2G19 activity. '
On the other hand, omeprazole is also known to be
metabolized to omeprazole sulfone via CYP3A, and
omeprazole sulfone is further metabolized to 5-
hydroxyome prazola sulfone via CYP2C19.%2%° In PMs

“of CYP2C:19, the metaholic pathway of omeprazole to

omeprdzme sulfone is supposed to be enhanced, re-
sulting in an accumulation of the sulfone metabolite.
However, [eirl et al®® have demonstrated that PM status
does not elevate the omeprazole to omeprazole sulfone
ratio (1.8 to 2.5-3; not significant) or change the AUC
ratio (1.8 to 0.8-0.9) compared with the EM status.’
Their results suggest that the change in omeprazole
hydroxylation index is mostly because of a change in
CYP2C19 activity, with a minor contribution from
CYP3A4, even in those with PM status. Because we did
not measure the sulfone level, it remains unknown
how liver damage modifies the metabolism of
‘omeprazole in PM% and heterozygous EMs. '
Many factors including gender,®*! concomitant
medication,®®** age,* liver disease, ™% and length
of the therapy™ have been reported to affect the in vivo
metaholic activity of CYP2C19, thus confounding a
simple relationship between genotypes and pheno- '
types. The multiple regression analysis performed in
the present studyr evealed that age and gender were not-
associated with the reduction in in vive CYP2C19 ac-
tivity. However, caution has to be exercised in inter-
preting these results because the mean age of CLD pa-

* tients was significantly higher than that of healthy

controls (Table 1) and the relationship between age and.
CYP2C19 activity might not havé been linear as as-~
sumed by the analysis. Several repoits** have demon-
strated a significant correlation between the in vivo
CYP2C19 activity and certain biochemical parameters
assuciated with liver function (albumin, transaminase,
and prothrombin index). The multiple regression anal--
ysis in the presentstudy revealed that only serum albu- -
min level, disease condition (ie; presence or absence of
CLD), and genotype may explain the decrease ofinvive -
CYP2C19 activity,

We found that the mean CLggusar.sspnc Obtained from
CLD patients was decteased to 48% of that obtained -
from the healthy subjects. Because CYP3A isoforms -
(eg, CYP3A4 and CYP3AS) ate primarily responsible
for 6p-hydroxylation of the endogenous cortisol,
CLasolsepucay be a clinically useful tool as an in vivo
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- ‘parameter of CYP3A activity We have already reported

- thata 3-hour CL . epuc 18 2 better clinical index of in
" vivo CYPSA activity than is the traditionally employed

‘ratio of urinary 68-HC to cortisol for the assessment of
* . the inhibitory effect of clarithromycin on CYP3A activ-
¢ ity in patients receiving Helicobacter pylori eradica-
- tion therapy.*® An oral administration of clarithromy-
o f_’t,ln at 800 mg/d reduced CL gy epuc to approximately
. 50% of the baqe‘me vatue. The present finding that the

' ‘mean CLGL.m,l",ﬁﬁ ne of CLD patients was reduced by ap
““proximately 50% compared with healthy controls im-
~ iplies that themagnitude of reduction in in vivo CYP3A

" activity induced by CLD is largely comparable to that

mdu(,ed by clarithromycin. However, multiple regres-
" sion analy31s detectsd no significant conela’uon be-
 tween Clggmsasepucand biochemical pai rameters associ-

*, ated with liver function. Thus, there is (‘ontrovorsv of

" “whether the 8§3- hydloxvhtlon of cortisol is a reliable
ndex of the in vivo hepatic CYP3A activity. It hasbeen
uggested that a certain amount of cortisol is secreted
nto the gutand is metabolized by the epithelial CYP3A
““on-reabsorption. It is posmble that CYP3A5 \is ex-
~_préssed in the kidneys. Thus, the overall catalytic ac-
.';.“‘EIV]ty of coitisol 6B-hydroxylation may be attributed
ot only to the hepatic CYP3A activity but also to cer-
ain extrahepatic tissues (eg, the kidney and the small
..intestine).*”* This may be a reason we did not obtain
. any significant correlation between CLysesspnc 2nd

-the biochemical parameters of hepatic function. In ad-

dition, there is a concern that omeprazole administered

* to €LD patients and control subjects might have af-
i »;fected the CYP3A4 activity measured by CLuisotospstc:

" ‘Hgwever, Furuta st al® reported in their in vitro study
performed with human liver microsomes that omepra-
~zole is 50 times weaker as an inhibitor for CYP3A4 than
for CYP2C19, and Tateishi et al® demonstrated that
omepmzo]e did not affect in vivo orythromycm breath
est, an established index of CYP3A activity,in healthy
v ubjects. In this context, we consider that the

-, administration, of omeprazole did not interfere with

L C’Luumwl-—)!iﬁ -HC*

" 'In conclusion, the present study demonstrated that
* the impaired CYP2C19 and CYP3A activity in CLD pa-
. ‘tients may be reflected by an increase in the omepra-
- zole hydroxylation index and a decrease in Clasitsep-

“ tie respectively. It is interesting that CLD appears to in-
*- duce preferentidl reduction in CYP2C19 activity com-

~ipared with CYP3A. The omeprazole hydroxylation in-
- ~dex of CLD patients with the EM genotype of CYP2C19
’.was largely comparable to that of control subjects with
o ﬂjo PM genotype. Further studies are required to assess

- whether the in vivo index of CYP2C19 may be useful

Ty
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for dosage adjustment of drugs that are eliminated
mainly via CYP2C19-mediated hepatic metabolism.
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