much higher than those with the wild-
type genotype and thereby elicit a
more extensive depletion of vitamin
K-dependent coagulation proteins
particularly F-VII with a short #;; of
1.5-5h.

In this context, it is also worth
noting to remember that a rare com-
plication of warfarin therapy, skin
necrosis, has been reported to develop
within 3—4 days of the initiation of
warfarin therapy typically when a
loading dose regimen of warfarin is
employed in patients with heterozy-
gous hereditary protein C deficiency.*®
Protein C is a vitamin K-dependent
antithrombeotic protein with a t;,, (6~
8h) shorter than most vitamin K-
dependent clotting proteins. Thus,
the administration of a loading dose
of warfarin to patients with CYP2C9
variants may cause greater depletion
in Protein C rather than vitamin
K-dependent clotting proteins and
give rise to hypercoagulability
and thrombosis in the cutaneous
microvasculature, To our knowledge,
however, no information is available
whether the patients developing skin
necrosis by warfarin therapy would
carry any of the CYP2C# variants.

Clpo,. for (5)-warfarin vs INR relation
As certain CYP2C9 variants are asso-
ciated with the reduced CLpo,y for (5)-
warfarin, it is of interest to discuss
about the effect of CYP2C?2 poly-
morphisms on the relation between
CLpo,u for (S)-warfarin and INR. In our
previous studies*®*® we found that
there was a weak, albeit significant
(P<0.05), correlation between Cu for
(S)-warfarin and INR, an index of the
anticoagulation response to warfarin,
in Japanese patients who received
warfarin with or without CYP2C9
inhibitors (ie, bucolome and benzbro-
marone) (Figure 2a). The linear regres-
sion line obtained from the data was as
follows:

INR = 0.235 - Cu(S) + L.17(n = 65) (1)

where Cu(S) is the plasma unbound
concentration of (§)-warfarin. The
steady-state plasma unbound concen-
tration of (§)-warfarin [Cu(S)] during
an intermittent oral administration of
racemic warfarin at a dose (D) is a
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Figure 2 Relation between plasma unbound concentration for (5)-warfarin [Cu($)) and
INR obtained form Japanese patients receiving stable oral administration of racemic
warfarin alone (O) and those receiving warfarin with bucolome (®)** or benzbromarone
() (a, left). The solid line is the regression line for the overall data (e,
INR =0.235 x Cu(5)+1.17, P<0.05) and broken lines depict the 95% confidence intervals
of the data. The right figure (b) shows the scatter plots for the relation between unbound
oral clearance for (§}-warfarin [CL,; o (5)] and INR obtained from patients recelving stable
oral doses of warfarin alone (O) and those receiving warfarin with bucolome (®).* The
thick, medium and thin solid curves represent the INR-Cl,,.(5) relation in patients
recelving 3.4, 1.75 and 0.4mg/day of racemic warfarin, respectively (see details in text).
The data points corresponding to typical patients with the mean CL,, ,(5) In heterozygote
and homozygote of CYP2C9*3 are shown as open (¥r) and closed (%} stars, respectively,
and that for the wild-type genotype is shown as the double circle (@). Since patlents with
reduced Cl,o (5} are located on ascending part of the hyperbolic function, they are more
susceptible to develop precipitous prolongation of INR in response to a small variability In
Clpo,u(5) than those with normal metabolic activity who located on the horizontal part of

the curve,

function of oral dose of (S)-warfarin
(Df2), a fraction of gastrointestinal
absorption (F,) of the drug, dosing
interval (1) and unbound oral clear-
ance for (§)-warfarin {Clpou(S)]. As-
suming a complete absorption of
warfarin from the intestine (e,
F,=1), Cu(§) will be determined by
the equation shown below:

Cu(8) = (D/21)/CLpo u(S) (2)

Substituting Cu(S) obtained from
Equation (2) into Equation (1), one
can obtain the following equation:

INR = 0.235 - [(D/27)/CLpou(S)]
+1.17

Equation (3) indicates that INR is a
function of D/t and Cl,4(5). In order
to assess whether the above equation
can fit actual data, we show the scatter
plots of the data for CLy,«(5) and INR
obtained from patients receiving a
long-term stable dosing of warfarin
alone and those receiving warfarin
with bucolome (Figure 2b).%% As the
patients who received warfarin with
bucolome, a potent inhibitor of
CYP2C9, showed substantially re-
duced CLyou(S) of <300ml/min, we

can inspect whether Equation (3)
adequately describes the clinical data
over a wide range of CLlgou{(S). The
data obtained from patients receiving
warfarin alone (Q) and those received
warfarin with bucolome (e) largely
distribute along the simulation curves.
In order to facilitate readers’ under-
standing, we also drew the simulated
curves generated by substituting three
different oral doses of warfarin (ie, 3.4,
1.75 and 0.4mg a day) for D/t in
Equation (3). These doses are the mean
oral doses of warfarin obtained from
Japanese patients with CYP2C9*1/*1,
CYP2C9*1/*3 and CYP2C9*3/*3 geno-
types.'® The simulation curves clearly
indicate that INR begins to rise pre-
cipitously as Clpgu(S) decreases
<200 ml/min. Therefore, if warfarin
therapy is initiated by a standard
dosing regimen (eg, 3.4mg/day of
racemic warfarin once a day for Japa-
nese patients) in all patients, those
with the CYP2C9*1/*3 genotype hav-
ing the mean ClLp, u(S) of 212 ml/min!?
and those received bucclome having
the mean Cl;o,u(S) of 107 ml/min may
experience extremely prolonged INR
and bleeding complications unless the
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dose of the drug is reduced promptly.
In addition, when we plot the mean
CLpou(S) data obtained from patients
with CYP2C9*1/*1 (®), CYP2C9*1/*3
(%) and CYP2C9*3/*3 (%) geno-
types,’* it becomes evident that
the doses of warfarin for the patients
with CYP2C9*3 allele are reduced to
1.75 and 0.4 mg/day to achieve a
target INR of 1.5-2.0 that can be
obtained with the dose of 3.4 mg/
day for those with the wild-type
CYP2C9 genotype.

Susceptibility to bleeding
complication and Instability of INR
Figure 2b also indicates that patients
with reduced Clpou(S} are more sus-
ceptible to precipitous prolongation of
INR in response to a small reduction in
ClLpo,u(S) or the hepatic CYP2C9 activ-
ity than those with normal metabolic
activity. In this context, patients with
defective CYP2C9 alleles may be parti-
cularly vulnerable to bleeding compli-
cations due to metabolic inhibition.
For instance, a representative Japanese
patient with the wild-type CYP2C9
genotype having Clp,,u(5) of 625 ml/
min!? (®) will exhibit INR of 1.6 at an
oral dose of warfarin of 3.4 mg/day
(Figure 2b). If the patient is given a
CYP2C9 inhibitor that reduces
ClLyo,u(S) by 50% (ie, 300 ml/min re-
duction from 625 to 325 ml/min), his
or her INR would increase from 1.6 to
2.0. In contrast, in a typical Japanese
patient with the CYP2C9*3/*3 geno-
type (%) exhibiting INR of 1.7 at a
warfarin dose of as low as 0.4 mg/day,
only a small reduction of ClLpo,u(S) (eg,
30 ml/min) would be associated with a
comparable increase in INR from 1.7
to 2.2. As such, the genetic poly-
morphism of CYP2C? may increase
the susceptibility to unstable INR
status thereby bleeding complications.
Figure 3 shows the relation between
plasma concentrations of prothrom-
bin fragments 142 (e, Fy,2) and INR
obtained from Japanese patients re-
ceiving a long-term warfarin therapy.
As plasma concentration of Fy,» is
associated with thrombin generation,
the administration of warfarin sup-
presses plasma Fy,, concentrations. Int
addition, there is an apparently hyper-

INR

c»
’ O ¢
T ™
'] ] | ] [ ]
5 10 15 20
F1s (nMolL)

Figure 3 The relation between plasma concentrations of prothrombin fragment 1+2
(F1.2), @ marker of thrombin generation, and INR obtained from Japanese (®) and
Caucasian {Q) patients receiving stable oral doses of warfarin. Note that there is a quasi-
hyperbolic relation between the two parameters, suggesting a precipitous prolongation of
INR in response to a smal variability In the thrombin generation where the generation of
thrombin is more extensively suppressed. This implies that patlents with CYP2£9*3 or those
with coadministration of CYP2C9 Inhibitor may be more susceptible to unstable INR
response than those with less intensive anticoagulation suppression (see details in text).

bolic relation between the parameters
(Figure 3) as shown in a previous
study.’® As patients having defective
CYP2C9 variants or receiving coadmi-
nistration of CYP2C9 inhibitors would
have higher plasma (§)-warfarin con-
centrations and thereby reduced plas-
ma Fy,, concentrations, they are likely
more susceptible to develop a large
variability in INR as compared with
those with normal metabolic activity
for CYP2C9.

To validate our theoretical consid-
eration made in Figures 2b and 3, we
analyzed the clinical data obtained
from. a retrospective cohort study
assessing the relation between
Clpou(S) and intrapatient variability
of INR over 1 year during warfarin
therapy (unpublished data). We sorted
the data according to Clpou(S) and
calculated an index of intraindividual
variability of INR defined as the per-
centage of the difference between the
maximum and minimum INR normal-
ized to the minimum INR value (ie,
9%(INRmax— INRmin)}/INRmn x 100) with-
in the same subjects. Since CLpgu(S)
obtained from patients distributed
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widely, we arbitrarily grouped patients
into those receiving a CYP2C9 inhibi-
tor (ie, bucolome), those with CLy,u(S)
<270 ml/min (atbitratlly defined as the low

clearance group) and those with CLpo,u.(S) of
>1000 mi/min (the high clearance

group). Those receiving bucolome
was shown to have the mean Clpou
of 107 ml/min (n=21).%® As shown in
Figure 4, statistical comparisons for
the variance obtained from the respec-
tive groups indicated that SDs of
percentages relative changes in INR
obtained from the bucolome and the
low clearance groups were signifi-
cantly greater than that obtained from
the high clearance group. This finding
implies that patients with low
Clyo,u(5) may be associated with a
greater variability in INR than those
with high CLpou(8). Our data would
also account for the previous findings
indicating that patients with defective
CYP2C9 variants are asscciated with a
greater chance of developing bleeding
complications and/or unstzble INR
status,®! Obviously, further studies with
a greater number of patients should
be performed under a prospective
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Figure 4 The intraindividual variabllity in INR status assessed by percentage changes in
the maximum minus minimum INR values normalized to the minimum INR (le,
(INR ax—INRmin) /INRin) % 100) obtained from ambulatory patients receiving warfarin in
a retrospective cohort study performed over a year. The patients who received a CYP2C9
inhibitor, bucolome, are shown as closed circle {(®, BM, n= 10), and those having Clpa,u
for (5)-warfarin of <270 ml/min (4, the low clearance group; low CL, n=7) and those with
CLgo,u for {S)-warfarin of > 1000 mi/min (O, the high clearance group; high CL, n=7) were
sorted out from the overall data. The mean €L, (%) for the BM group was 107+ 68 ml/
min. Note that the BM and the low CL groups exhibit significantly greater variabilities in
INR than the high CL group. **P<0.0% as compared with the high CL group based upon the
statistical comparisons for the SDs obtained from the respective groups.

experimental protocol in order to con-
firm our hypothetical consideration
made based upon a rather limited
number of patients.

OTHER FACTORS CONTRIBUTING TO
VARIABLE RESPONSE TO WARFARIN
While the genetic polymorphisms of
CYP2C9 is an important factor asso-
ciated with interindividual variability
of Clpou(S) and thereby that in the
anticoagulation response to warfarin,
other factors such as age,3® drug inter-
action with concomitantly adminis-
tered drugs,***® food and other
undefined factors are also considered
to be involved in the variable antic-
oagulation response to the drug. It has
been suggested that an age-related
reduction in liver size®? would account
for reductions in the metabolic activ-

ity of warfarin. We have already dis-
cussed the effects of concomitant
administration of CYP2C9 inhibitors
(eg, bucolome, benzbromarone} con
the dose, CLpo,u(5) 2nd interindividual
variability of INR. It is worth noting
that the coadministration of a potent
CYP3A4 inhibitor (eg, diltiazem) does
not have influence on the anticoagu-
lation response to warfarin.? Aber-
nethy et al’? demonstrated that the
coadministration of oral diltiazem
120 mg three times daily produced a
small (20%) reduction in the total
(bound + unbound) clearance of (R)-
warfarin, but not (5)-warfarin, after
intravenous administration of warfar-
in as compared with the respective
control values. Because the anticoagu-
lation of (R)-warfarin is three to five
time less potent than (§)-warfarin and
CYP3A4 is involved only partly in the

n

metabolism of (R)-warfarin, a potent
inhibition of CYP3A4 may not neces-
sarily be associated with a significant
change in the INR status. Most of the
important drug interactions with war-
farin that were associated with fatal or
severe bleeding complications were
attributable to CYP2C9 inhibitors (eg,
phenylbutazone, sulfinpyrazcne, bu-
colome).

Pharmacodynamic factors asso-
ciated with a large interindividual
variability of warfarin response deserve
some comments. Excessive consump-
tion of vitamin K-rich diets {eg, green
vegetables) has been claimed to at-
tenuate the anticoagulation effect of
warfarin.®* In contrast, the adminis-
tration of certain antibiotics that inter-
fere with the production of vitamin K
by gut flora has been suggested to
exaggerate the anticoagulation re-
sponse to warfarin. These data suggest
that variability of vitamin K intake
would be an important factor asso-
ciated with the intraindividual varia-
bility of INR in patients receiving
warfarin. It has been suggested that
the interindividual variability in the
expression of calumenin (ie, an inhi-
bitory protein for VKOR complex) in
the liver may have a pivotal role in the
sensitivity of VKOR and vitamin K-
dependent y-carboxylation system in
rats®® and possibly in humans. Genetic
polymorphisms of vitamin K-depen-
dent coagulation factors may also
affect the responsiveness of warfarin.
As there is a substantial population
difference (Asians vs Caucasians) and
disease-specific difference (eg, those
with prosthetic valve) in the target
INR, there must be unknown pharma-
codynamic factor(S) associated with
variable response to warfarin. Collec-
tively, there is a relative paucity
of knowledge for pharmacody-
namic parameters as compared with
that for pharmacokinetic parameters
associated with the interindividual
variability of anticoagulation response
to warfarin.

CONCLUSION

In the present article we have sum-
marized the implications of CYP2C9
polymorphisms in the pharmaco-
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kinetics of pharmacclogically more
active (S)-enantiomer of warfarin in
the light of its contribution to the
interindividual varlability of warfarin
dosage, risks of bleeding complications
and stability of anticoagulation re-
sponse. Based upon the accumulated
information, consensus appears to
emerge that patients with either het-
erozygous or homozygous CYP2C9*3
variant and those of combined hetero-
zygote of CYP2C9*2 and *3 (ie,
CYP2C9*2/*3) would have a substan-
tially reduced dose requirement for the
maintenance dose of warfarin, need
longer time to achieve stable warfarin
dosing and carry higher risks of devel-
oping above-range INRs associated
with serious bleeding complications,
particularly during the early phase of
warfarin therapy as compared with
those with the homozygous wild-type
CYP2C9 genotype.

There is a possibility that different
CYP2C9 variants may have different
magnitude of effect on in vitre and in
vivo metabolic activity for this CYP
isoform. While both CYP2C9*2 and
CYP2C9*3 variants have been impli-
cated with substantially reduced en-
zyme activities in in vitro experiments,
the effect of CYP2C9*3 mutation on
the in vivo clearance of CYP2C9 sub-
strate (eg, (5)-watrfarin) may be greater
than that of CYP2C9*2. While Japa-
nese patients with the CYP2C9*1/*3
genotype were associated with mark-
edly reduced CLypo,u for (S)-warfarin as
compared with those with the homo-
zygous wild-type CYP2C9 genotype,
Caucasjan patients with either the het-
erozygous CYP2C9*2 or CYP2C9*3 var-
iant would exhibit only marginal
reduction in CLy.,, for (S}-warfarin, %

The population mean of body
weight-normalized CLp,, for {(S)-war-
farin obtained from Japanese patients
was greater than that obtained from
Caucasians.!* Caucasians have greater
allelic frequencies of CYP2C9*2 and
CYP2C9*3 than Asians and African-
Americans indicating substantial po-
pulation differences in the genetic
polymorphism of this CYP isoform
(Tables 1 and 2). To our surprise,
however, the population difference in
the mean Clyp,,, for (§)-warfarin was
not fully accounted for a greater

frequencies of CYP2C9 variants alleles
in Caucasians than Japanese patients,
because the mean Cl,,, obtained
from Japanese patients genotyped as
having homozygous CYP2C9*1 allele
was still significantly greater than that
obtained from Caucasian patients with
the corresponding CYP2C9 genotype.
In this context, further studies are
necessary to explore concealed para-
meters (eg, unidentified functionally
defective variants in the coding re-
gions and/or noncoding regions of
CYP2(9, food and environmental fac-
tors) that may account for this appar-
ently paradoxical finding.

The CYP2C92 polymorphisms may
also have substantial influence on the
developmental changes in the meta-
bolic activity of this CYP isoform.
Japanese children with the
CYP2C9*1/*3 genotype appear to
show an attenuated increase in the in
vive CYP2C9 activity measured by
Clpou for (S)-warfarin, while those
with the homozygous wild-type geno-
type exhibit substantial increase in
this parameter particularly during pre-
pubertal period (< 12 years). It remains
to be confirmed if a similar finding can
be observed in different ethnic popu-
lations.

As the magnitude of reduction in
CLoo.u for (§)-warfarin associated with
CYP2(C9*3 polymorphism largely par-
allels with that observed in the main-
tenance dose of racemic warfarin,
there is a possibility that the genotyp-
ing of CYP2C9 prior to the warfarin
therapy may be useful for estimating
individualized initial dose of the drug.
Simulations of plasma concentration-
time curves of (S)-warfarin in patients
with different genotypes of CYP2C9*3
variant given a standard dose of the
drug furnish a plausible explanation
for the clinical observations that pa-
tients with CYP2C9 variants take long-
er to achieve a stable warfarin response
and are more susceptible to develop
above-range INR and bleeding compli-
cations particularly during the early
phase of warfarin therapy.

In addition, because the relation
between Clp,, for (§)-warfarin and
INR is hyperbolic, patients with re-
duced CYP2C9 activity due to genetic
polymorphism of CYP2C9 or coadmi-
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nistration of CYP2C9 inhibitor may
more likely develop precipitous pto-
fongation of INR in response to a small
reduction in Clye,y for (§)-warfarin as
compared with those with normal
CYP2C9 activity. The fact that there
is a quasi-hyperbolic relation between
plasma concentrations of Fy.z (ie, a
marker of thrombin generation) and
INR also suggests a greater fluctuation
of INR at a greater anticoagulation
status. In this context, the genotyping
of CYP2C9 variants may be useful] to
circumvent unexpected severe adverse
reactions of warfarin.

Pharmacodynamic parameters asso-
ciated with the interindividual varia-
bility in the sensitivity to warfarin
include genetic polymorphisms of
VKOR-related system or vitamin K-
dependent  coagulation proteins,
aging, variable intake of vitamin K
and other unidentified environmental
factors. To determine whether a rou-
tine genomic screening of CYP2C9 for
patients undergoing warfarin therapy
would be cost-effective, further studies
are required to quantify the contribu-
tion of the CYP2C9 polymorphisms to
the overall inter- and intrapatient
variability in the INR response to
watfarin relative to those attributable
to all other genetic, clinical and en-
vironmental variables.
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ABSTRACT:

The aim of this study was to determine the selectivities of chemical
irthibitors for human cytochrome P450 (P450) isoforms toward the
corresponding rat P450 isoforms by using cDNA-expressed rat
P450s (CYP1A2, CYP2A1, CYP2C6, CYP2C11, CYP2D2, CYP2E1,
CYP3A1, and CYP3A2). Among the inhibitor probes for human
P450s used in this study, only sulfaphenazole showed a selective
inhibitory effect on the activity of the corresponding rat PA50 iso-
form {CYP2CB). Furafylline also preferentially inhibited the activity
of rat CYP1A2. However, methoxalen and ketoconazole more
strongly inhibited the activities of other P450 isoforms than those

of the corresponding rat P450 isoforms, CYP2A1 and CYP3A1/2,
respectively. On the other hand, quinidine and aniline had litte
effect on the activities of the corresponding rat P450 isoforms,
CYP2D2, and rat CYP2E1, respectively. These results suggest that
chemical probes that have been used for human P450 isoforms do
not always exhibit the same selectivity for the corresponding rat
P450 isoforms. However, it appears that sulfaphenazole can be
used as a selective inhibitor for rat CYP2CS. In addition, furafylline
may also be a relatively selective inhibitor for rat CYP1AZ2,

Cytochrome P450 (P450') enzymes comprise a superfamily of
hemoproteins (Nelson et al., 1996), and three families (CYP1, CYP2,
and CYP3) are mainly ipvolved in the metabolism of diugs in both
humans and rats {Nedelcheva and Gut, 1994).

Recent advances in research for chemical inhibitors of human
P450s have greatly facilitated the characterization of catalytic speci-
ficities of individual P450 isoforms involved in drug metabolism.
Chemical inhibitors are useful tools for determining the roles of
individual P450s involved in drug metsbolism in human liver micro-
somes. However, it is still difficult to determine the roles of P450
isoforms involved in drug metabolism in rat liver microsomes by
using chemical inhibitors. This is because the specificities of chemi-
cals used as inhibitor probes for rat P450 isoforms have not been
thoroughly evaluated (Eagling et al., 1998).

In the present study, the effects of chemical inhibitors that have been
used as inhibitor probes for hurnan P450 isoforms on the corresponding
rat P450 isoforms were studied by using cDNA-expressed rat P450s
(CYP1A2, CYP2Al, CYP2C6, CYP2Cll, CYP2D2, CYP2E,
CYP3A), and CYP3A2). These isoforms used in this study were sclected
based on its abundance in rat liver or its significance in metabolism. The
chemical inhibitors used in the present study were furafylline, methox-
alen, sulfaphenazole, quinidine, aniling, and ketocopazole, which are
potent inhibitors of unan CYP1A2 (Tassanceyakul et al., 1994),

' Abbreviations used are: P450, cytochrome P450; POD, phenacetin O-de-
ethylation; T7H, testostercne 7a-hydroxylation; DFH, diclotenac 4-hydroxylation;
T16H, testosterone 16a-hydroxylation; BLH, bufuralol 1'-hydroxylation; PNPH,
p-ritrophenol 2-hydroxylation; MD4H, midazolam 4-hydroxylation; HPLC, high-
performance liquid chromeotography.

Address correspondance to: Dr. Kaoru Kobayashi, Laboratory of Pharma-
cology and Toxicology, Graduate School of Pharmaceutical Sciences, Chiba
University, Yayoi-cho 1-33, Inage-ku, Chiba 263-8522, Japan, E-mail:
kaoruk@p.chiba-wac.jp

CYP2AS (Yamazaki et al,, 1994; Koenigs et al, 1997), CYP2C9 (New-
ton et al., 1995), CYP2D6 (Newton et al., 1995), CYP2E1 (Nakajima et
al,, 1999), and CYP3A4 (Baliwin et al, 1995; Bourrié et al,, 1996),
espectively,

Esperimental Procedares

Chemicals. Ketoconazole was a gift from Janssen Research Foundation
(Beerse, Belgium). Midazolam and 4-hydroxymidazolam were gifls from I, Hoff-
mann-1.a Roche (Basel, Switzerland). Zaltoprofen was a gift from Zeria Pharma-
cautical (Tokyo, Japan). Bufuralol hydrochloride, 1'-hydroxybufiralol and 4-hy-
droxydiclofenac were purchased from BD Gentest (Wobum, MA). Ta-
Hydroxytestosterone, 16c-hydroxyteslosterone, and furalylline were purchased
from Ultrafine Chemicals (Manchester, UK). Methoxalen was purchased from
BIOMOL Research Laboratories (Plymouth Meeting, PA). p-Nitrophenol was
purchased from Nacalai Tesque, Inc. (Kyoto, Japan). Acetaminophen, caffeine,
diclofenac, p-nitrocatechol, phenacetin, testosterone, sulfaphenazole, qunidine,
and qunine were purchased from Wako Pure Chemicals (Osaka, Japan). Other
chemnicals were of the highest grade commercially available.

cDNA-Expressed P450. Microsomes prepared from baculovirus-infected
insect cells expressing CYP1A2 (lot 1), CYP2CS6 (lot I), CYT2CLI (lot 1},
CYP2D2 (lot 1), CYP3A1 (ot 1}, and CYP3A2 (Jot 1) and those from human
B-lymphoblastoid cells expressing CYP2AI (lot 7) and CYP2E1 (lot 6} were
obtained from BD Gentest. All recombinant P450s were coexpressed with
NADPH-P450 oxidoreductase. Recombinant CYP2CS, CYP2CL1, CYP3Al,
and CYP3A2 were coexpressed with cytochrome bs.

Incubation Conditlons. On the basis of the results of our previous study
(Kobayashi et al., 2002), phenacetin O-deethyfation (POD), testosterone 7o
hydroxylation (T7H), diclofenac 4-hydroxylation (DFH), testosterone l6a-
hydroxylation (T16H), bufuralel 1"-hydroxylation (BLH), p-nitrophenol 2-hy-
droxylation (PNPH) and midazolars 4-hydroxylation (MD4H) were chosen as
markers for rat CYP1A2, CYP2A1, CYP2CS, CYP2C11, CYP2D2, CYP2EL,
and CYP3A1/2-mediated activities, tespectively. A typical incubation mixture
(0.25 ml iolal volume) contained 0.1 mM EDTA, 100 mM potassium phos-
phate buffer (pH 7.4), an NADPH-generating system (0.5 mM NADP™, 2 mM
glucose 6-phosphate, 1 IU/mt of glucose-6-phosphate dehydrogenase, and 4
mM MgCl,), a substrate and cDINA-expressed P450. The reaclion was initiated
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TABLE |

Substrate coneentrations, incubation times, conients of P450, and internal
Standards used in the present study

Reaction Substrate Inibalioh  pgsg  Tatemal Standard
in min pmel 04

POD Phenacetin {10} 15 5 Caffeine (0.25)
DIFH Diclofenac (25) 20 5 Zaltoprofene {0.1)
BLH Bufuratol (10) 15 0.5 Nonsz
PNPH p-Nitrophenol (200) 60 s Phenacetin {0.125)
MD4H Midazolam (25) 20 10 Nitrazepam (0.125)
TTH/T16H Testosterane (25) 30 10 None

by the addition of the NADPH-generating system following a 1-min
preincubation at 37°C. All reactions were performed in the linear range
with respect to P450 concentration and incubation time. After the reaction
had been stopped by the addition of 100 pl of ice-cold acetonitrile, an
internal standard was added. The mixtures were centrifuged at 13.000g for
10 min, and the supernatants (each 100 pl) were analyzed by HPLC as
described below. The substrate concentration, incubation ime, content of
cDNA-expressed P450, and amount of internal standard used for each assay
are listed in Table 1. Testosterone was dissolved in methanol and added to
the incubation mixture at a fina! methanol concentration of 1%. The other
chemicals were dissolved in methanol and added to each test tube. After
evaporation with vacuum evaporator, the incubation mixture except micro-
somes and NADPH-penerating system was added, and the compounds were
redissolved. Samples for delermination of POD activity were evaporaled by
a vacuum evaporator for 15 min after the centrifugation, and the remaining
samples (each 100 pt) were analyzed. Since furafylline and methoxalen are
mechanism-based inhibitors, these chemicals were preincubated at 37°C for
30 min with microsomes in the presence of NADPH-generating system
before adding substrate.

HPLC Analysis. Determination of respective metabolites was carried out
using a Hitachi HPLC system (Tokyo, Japan) consisting of an 1.-7100 pump,
an L-7400 UV detector, an L-7485 intelligent spectrofluorometer, an L-7200
autosampler and a p-7500 integrator and a CAPCELL PAK C,y UGI20
cohumn (4.6 mm X 250 mun, § gum; Shiseido, Tokyo, Japan). The activities of
POD, DFH, BLH, PNPH, MD4H, T7H and T16H were determined as de-
scribed elsewhere (Kobayashi et al., 2000, 2002).

Resnlts and Discussion

Among the chemica) inhibitor probes of human P45Q isoforms
used in this study, only sulfaphenazole showed s selective inhib-
itory effect on the corresponding rat P450 isoform, As shown in
Fig. 1A, sulfaphenazole, a potent inhibitor of human CYP2C9,
inhibited only CYP2(6-mediated activity at a concentration as low
as 1 pM. Although CYP2C11-mediated activity was also inhibited
by sulfaphenazole, it was inhibited to a lesser degree than that of
CYP2C6. CYP3A1- and CYP3A2-mediated activities were inhib-
jted by sulfaphenazole but only to 50% of the control level even at
the concentration of 100 uM. Very little or no inhibition was
observed for CYP1A2-, CYP2Al-, CYP2D2-, and CYP2E!-medi-
ated activities. These findings suggest that sulfaphenazole at low
concentrations (<10 uM) could be used as a selective inhibitor
probe of CYP2C6.

Furafylline, a potent inhibitor of human CYP1A2, potentially in-
hibited rat CYP1A2-mediated POD activity (Fig. 1B). At concentra-
tions of more than 1 1M, more than 80% of the activity was inhibited.
Although CYP2C6-mediated activity was also inhibited by furafyl-
line, the extent of inhibition was fess than that of CYP1A2. Furafyl-
line showed a weak inhibitory effect on CYP2Al- and CYP2C11-
mediated activities (<30% of the control level at 100 uM), but it
showed no apparent inhibitory effect on CYP2D2-, CYPIEIl,,
CYP3A 1/2-mediated activities. These findings suggest that it is pos-

KOBAYASHI ET AL

sible to use furafylline as a relatively selective inbibitor of rat
CYPI1A2,

In contrast to sulfaphenazole and furafyliine, methoxalen and ke-
toconazole, which are potent inhibitors of human CYP2A6 and
CYP3A1/2, respectively, did not show a selective inhibitory effect on
the activities of the corresponding rat P450 isoforms. As shown in Fig.
1C, methoxalen inhibited CYP2Al-mediated activity in a concentra-
tion-dependent manner (Fig. 1C). However, more potent inhibitory
effects on CYP1A2-, CYP2C6-, and CYP2Cl1-mediated activities
were observed. Similarly, ketoconazole inhibited CYP3Al- and
CYP3A2-mediated activities in a concentration-dependent manmer
(Fig. 1D). However, ketoconazole inhibited CYP1A2- and CYP2C6-
mediated activities by more than 50% at a concentration of 10 pM.
These findings suggest that methoxalen and ketoconazole are not
gelective inhibitors of CYP2AL and CYP3A1/2, respectively.

On the other hand, aniline and quinidire, selective inhibitors of
human CYP2E] and CYP2D6, respectively, did not show apparent
inhibitory effects on the activities of the corresponding rat P450
isoforms. As shown in Fig. 1E, aniline showed little effect on rat
CYP2El-mediated activity. Aniline inhibited CYP1A2- and
CYP2C6-mediated activities, but its effect was weak even at the
concentration of more than 00 pM. Quinidine also showed little
effect on CYP2D2-mediated activity at a concentration of 10 pM
(Fig. 1F), but CYP2C6-mediated activity was inhibited by quinidine
even at a concentration of 0.1 uM. Since quinine, a diastereomer of
quinidine, is known to be a more efficient inhibitor of rat CYP2D-
mediated activity in rat liver microsomes (Kobayashi et al,, 1989}, the
effect of quinine on CYP2D2-mediated activity was examined. As
expected, 10 pM of quinine inhibited CYP2D2-mediated activity by
moare than 90%, but CYP2C6- and CYP2C11-mediated activities were
also inhibited by about 70% (data not shown). These findings suggest
that not only quinidine but also quinine are not selective inhibitors of
CYP2D2.

The results of the present study suggest that considerable differ-
ences exist between the selectivities of chemical inhibitors of human
and rat P4350 orthologues. Boobis et al. (1990) suggested the following
three possible reasons for species differences in the effects of chem-
ical inhibitors on drug metabolism in vitro: 1) the active site differs in
species, 2) the isoform-catalyzing metabolism differs in species, 3) the
inhibition is not via direct competition at the active site and the
iphibitory site differs in species. In the present study, ¢cDNA-ex-
pressed systems were used for screening of selectivity and compara-
tive potency of several inhibitors. Under these conditions, our data
indicated that chemicals used as inhibitor probes of human P450
isoforms are not always approptiate for use as inhibitor probes of rat
P450 isoforms. This [nding suggests that the active site and the
inhibitory sits differ in species depending on the isoforms of P450
studied As shown in Fig. 1, CYP2D2-mediated activities in some
cases were higher than 100% of control. Except for assay of testos-
terone metabolism, organic solvent was not included in the incubation
mixture. Therefore, the higher activities did not result from the effect
of solvent. In addition, the calibration curves were linear (r > 0.999),
although no intemnal standard was used in the assay for bufuralol
1"-hvdroxylation. It was thought that the control activities were
slightly low, although the reason is unclear.

In conclusion, it appears that chemical iohibitors used as inhibitor
probes of human P450 isoforms do not exhibit the same selectivities
in bumans and rats. However, it is possible to use sulfaphenazole as
a selective inhibitor for rat CYP2C6, Furafyiline also appeats to be a
relatively selective inhibitor for rat CYP1A2.

Finally, caution must be exercised when compating the effects of
inhibitors between tats and humans. In addition, using cDNA-
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Fic. 1. Effects of sulfaphenazole (4), furafpliine (B), methoxalene (C), ketoconazole (D). aniline (E), and quintdine (F) on CYPlA2-medimed POD, CYP2Al-mediated
T7H CYP2C6-mdiated DFH, CYP2CI1)-mediated Ti6H, CYP2D2-medtated BLH, CYPJE]-mediated PNPH, and CYP3.41/2-mediated MDAH activities in ¢DNA-
expressed rat P450s.

Substrales {phenacetin, testosierone, diclofenac, bufuralol, p-nitrophenol, and midazolam) were incubated al 37°C with comesponding ¢DNA-expressed rat P450s.
Substrate concentrations, incubation times, and contents of P450 used ave shown in Table 1. Each column represents the mean of duplicate experiments, Control activities
for each reaction are 10,0 pmol/min/pmol P450 for CYP1A2-mesdiated POD activity, 0.6 pmol/min/pmol P450 for CYP2A-maadiated T7H activity, 15.4 pmol/min/pmol
P450 for CYP2C6-meadiated DFH activity, 14.8 pmol/min/pmot P450 for CYP2C11-meadiated T16H activity, 5.9 pmol/min/pmol P450 for CYP2D2-meadiated BLH
activity, 8.7 pmol/min‘pmol P450 for CYP2El-meadiated PNPH activity, 1.9 pmol/minfpraol P450 for CYP3Al-meadiated MD4H activity and 5.7 pmol/min/pmo] P450
for CYP3A2-meadiated MD4H getivity. ND < 2 pmol/min/pmol P450 for POD activity, ND < 0.3 pmol/min/pmol P430 for DFH activity, ND < 0.2 pmol/min/pmol P450
for T7H, T16H, PNPH, and MD4H activities, and ND < 0.02 pmol/miw/pmol P450 for BLH activity.
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expressed system to evaluate the selectivity of chemical inhibitors
cannot present an overall picture, and the selectivity may differ when
the inhibitors were used in liver microsomes. Further investigation
using chemical inhibitors is needed to determine the roles of individ-
ual P450s in drug metabolism by rat liver microsomes,

Laboratory of Pharmacology and Toxicology, ~ Kaoru KobBavasm
Graduate School of Pharmaceutical Sciences,  Kixuxo URASHIMA
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1. The study was performed to isolate and characterize a glucuronic acid conjugate of
mexiletine that releases mexiletine on acid hydrolysis from urine samples obtained from
healthy volunteers following a single oral dose of mexiletine.

2. The [M — H]~ ion of the isolated metabolite was observed at m/z 398 in the
negative electrogpray jonizatien mass spectrum. This mass number was 44 higher than
that of the product generated when mexilerine is subjected to direct glucuronidation. In
positive-ion mode, collision-induced dissociation of the quasimolecular ion M+ NH,]*,
m/z 417, gave product ions at m/z 224, 180 and 58, These mass spectral data indicaved that
the metabolite contained a carbonyloxy moiety in its structure in addition to mexiletine
and a glucuronic acid moiety.

3. The presence of this carbenyloxy moiety was further supported by the following
chemical reactions. When the metabolite was hydrelysed with an aqueous solution of 1 M
sodium hydroxide at room temperature, mexiletine was released, whereas the
N-methoxycarbonyl derivative of mexiletine was obtained after treatment of the
metabolite with methanolic sodium hydroxzide solution.

4. The results indicated that the structure of the isolated metabolite was the
N-carbonyloxy f-D-glucuronie acid conjugate of mexiletine.

Introduction

Mexiletine (MX) [2-(2,6-dimethylphenoxy)-1-methylethylamine], an orally
effective antiarrhythmic agent with sodium channel-blocking properties, is used
for the treatment of ventricular arrhythmia (Campbell et al. 1978, Murray et al.
1989). After oral administration to man, MX is completely absorbed and more
than 80% of the dose is recovered from urine (Haeselbarth et al. 1981). Since less
than 10% of the dose is excreted in unchanged form in the urine (Pentikainen et al.
1983), MX is considered to be eliminated predominantly by metabolism. MX has
various metabolic pathways, including oxidation of the carbon and nitrogen atoms,
deamination, reduction, and conjugation (Beckett and Chidomere 1977). Hydrox-
ylation is a major route of metabolism for MX in humans, resulting in the
formation of 4-hydroxymexiletine (4HM) and 2-hydroxymexiletine (2ZHM).
Because the polymorphic enzyme, CYP2D6, predominantly catalyses these latter
hydroxylation pathways (Nakajima et al. 1998), several in vivo studies have been
performed to define the role of CYP2D6 in MX pharmacokinetics (Broly et al. 1991,
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Turgeon et al. 1991, Lledo et al. 1993). Some reports, however, have indicated that
total urinary recovery of these hydroxylated metabolites was less than 30% of the
dose when MX was orally administered to healthy volunteers (Broly et al. 1991,
Turgeon et al. 1991).

Glucuronidation is another major elimination pathway of MX. Approximately
30% of the dose is excreted as MX glucuronide, which is determined in terms of
MX content released by acidic or enzymatic hydrolysis (Prescott et al. 1977,
Abolfathi et al. 1993, Ueno et al. 2002), but little is known about the chemical
structure of glucuronic acid conjugates of MX. Carbamoyl glucuronide conjugates
of drugs containing a primary amino group (i.e. tocainide, rimantadine and
mofegiline) have been identified as human urinary metabolites (Brown et al.
1990, Kwok et al. 1990, Dow et al. 1994). These metabolites are presumably
formed in two steps: the amino group reacts with carbon dioxide to form a
carbamic acid, and subsequently the carbamic acid moiety is conjugated with
glucuronic acid. If the MX glucuronide has a carbamoyl moiety, the parent amine
compound, MX, should be detected after chemical or enzymatic hydrolysis,
because of the chemical instability of the carbamic acid intermediate.

‘The objectives of the current study were to isolate the MX glucuronide, to
confirm the presence of a carbamoyl moiety and to quantify the urinary excretion
ratio of the glucuronide. To avoid degradation of MX glucuronide due to the
chemical instability of carbamic acid derivatives, all isolation and analytical
processes were conducted under neutral conditions.

Materials and methods

Chemicals and reagents

MX, 4HM and ZHM were synthesized by Boehringer Ingelhein Pharma KG (Ingelheim,
Germany) with > 98% chemical purity as determined by high-performance liquid chromatography
(HPLC) analysis. 1-(2',6'Dimethylphenoxy)-2-propanol (DMPLY), 1-(2',6'-dimethylphenoxy)-2-hydro-
xyaminopropane (N-hydroxymexiletine, NHM), 1-(2',6'-dimethylphenoxy)-2-propanone (DMPN),
and 1-(2' §'-dimethylphenoxy)-2-propancne oxime (DMPNX) were synthesized from xylennl and
chloroacetone. The purities of these compounds were confirmed by means of HPLC analysis and
determined to be 98% pure. Xylenol, j-D-glucuronidase (from Angullaria, 25 000 unitml~ %), and
glucosaccharo 1,4-lactone were purchased from Wako Pure Chemical Co. (Osaka, Japan). All other
chemicals and reagents used were of analytical or HPLC grade and were obtained from local suppliers.

Human urine samples

Mexitile capsules® containing 100mg MX hydrochloride were orally administered to healthy
voluntesrs {(n= 10, male, 20-32 years of age and 51-71kg body weight) at a single dose of two capsules
(equivalent to 166mg MX). The volunteers were fully informed sbout the experimental procedure and
purpose of the study, and written consent was obtained from each subject. Approval for the study was
given by the local Instirurional Review Board. Urine samples were collected before administration and
at scheduled intervals of 0-6, 6-12 and 12-24*h after the administration. All the samples were stored at
— 20°C until analysis.

Hydrolysis

Acid kydrolysis. A 3M hydrochloric acid solution was added to samples to prepare a 1M acidified
reaction mixture, which was heated ar 100°C for 30min in & silicon-capped glass tube. The reaction
mixture was then neutralized with sodium hydroxide and directly subjected to HPLC analysis.
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Alkaline hydrolysis. The samples were exposed to 1 M aqueous or methanolic sedium hydroxide at
room temperature. After the 30.min treatment, each reaction mixture was neutralized with hydrechloric
acid and subjected to HPLC analysis.

B-Glucuronidase hydrolysis. 'The samples were incubated with 10 000 units ml~! B-glucuronidase in
acetate buffer (pH 5) at 37°C for 4§, then the same volume of acetonitrile was added and the mixture
was centrifuged. Identical samples were subjected to enzyme hydrolysis with 1mgml~ ! glucasaccharo
1,4-lactone, a specific inhibitor of f-glucuronidase., The supernatants were individually subjected to
HPLC analysis.

Isolation of conjugated MX from human urine

A portion of the urine was applied to an ion-exchange column, DIAION (HP-20, 3.0x 15em,
Mitsubishi Chemical Industry, Tokyo, Japan), and the column was washed with 0.5litres water.
Elution was done with a gradient of aqueous acetonitrile from 5 to 30% (v/v), and 100-ml fractions were
collected. A portion (0.1ml) of each fraction was treated with hydrochloric acid, followed by HPLC
analysis to monitor the appearance of MX. The fractions containing conjugared MX were combined,
evaporated in vacuo and lyophilized to give a semi-pure sample. The resultant sample was applied to a
cartridge column packed with C18 (Megabond C18, Varian, CA, USA). The column was eluted with
3 vols water followed by elution with 3 vols 10% aqueous methanol and 6 vols 20% aqueous methanol in
this order. The fractions containing conjugared MX were concentrated and lyophilized to yield the
purified compound. .

Synthesis of N-methoxycarbonylmexiletine (NCM}

MX hydrochloride (103 mg) selution in 50% aqueous acetonitrile (5 ml) containing triethylamine
(175 pl) was treated with 1.1 equivalents of methyl chloroformate and the mixrure was stirred overnight
at room temnperature. It was then thoroughly stirred with ethyl acetate and water, and the organic layer
was separated and washed with diluted hydrochloric acid, water and saturated aqueous sadium chloride
solution. After having been dried over sodium sulfate, the organic layer was evaporated in vacuo to give
the desired product as crystals in 94% yield. Quasimolecular ions corresponding to [M+ H]* and
[M + NH,]* were observed at m/z 238 and 255, respectively, in positive ESI-liquid chromatography
mass spectra (LC/MS). The chemical structure of NCM was determined by mass spectra and

H-NMR.

HPLC analysis

MX and its metabolites in the urine samples, eluates from chromatography celumns during
purification and the hydrolysed reaction mixtures were analysed by HPLC by using a Waters HPLC
system Alliance 2690 equipped with a photodiode array detector model 996, a fluorescence detector
model 474 {Waters, Milford, MA, USA), and an analytical reverse-phase column Capeell Pak C138
(4.6 mm i.d. x 150 mm, 5 pym, Shizeido Co., Tokyo, Japan). The column temperature was maintained at
35°C and the eluate was monitored at 210 nm. Fluorescence conditions were set at 270nm for excitation
and at 312 nm for emission to confirm 4HM, 2HM and MX by the method previously described (Senda
et al. 2001). An isocratic system was used for the separation of the analytes at a flow rate of
1.0m!Imin~". The mobile phase was composed of acetonitrile and 44mM phosphate buffer containing
0.5% triethylamine (pH 7.0) in a ratic of 35/65 (v/v). For the alkali hydrolysed samples, 44mM
ammonium acetate buffer containing 0.5% triethylamine (pH 7.0} was used in place of the phosphate
buffer.

LCIMS|MS analysis

HPLC for LC/MS/MS was run on a Shiseido Nanospace SI-2 (Tokyo, Japan) equipped with a
column of Inertsil ODS3 (2.1 mm i.d. x 150mm, 5pm, GL Science, Kyoto, Japan) at a flow rate of
0.2mlmin~*. Two different isocratic solvent systems were used: acetonitrile-44mM ammonium
acetate (20/80 v/v) was used for analysis of the isolated MX metabolite and MX, whereas acetoni-
trile-44 mM ammonium acetate (50/50 v/v) was used for N-methoxycarbonylmexiletine. Mass spectra
were obtained on a Finnigan quadrupole mass spectrometer (T'SQ, ThermoQuest, San Francisco, CA,
USA) fitted with an atmospheric pressure ionization source {API 2 Interface)} using the following
parameters: ESI voltage, 3.5kV; sheath gas, 75 psi; auxiliary gas, 40 unit; capillary temperature, 350°C;
collision-induced dissociation (CID} gas, Ar 2.0 mTorr.
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Results

Identification and isolation of conjugated MX from urine sample

Human urine samples treated with hydrochloric acid were applied to the
HPLC system to confirm the presence of conjugated MX. In this HPL.C analysis,
the retention times of MX and its metabolites, 4HM and 2HM, were 4.5, 2.1 and
2.3 min, respectively (figure 1A). Although the system could detect as little as 10 ng
NHM, DMPL, DMPN and DMPNX at 6.5, 8.2, 10.5 and 10.7 min, respectively,
these possible metabolites were not observed in any urine sample (data not shown).
Figure 1B shows the chromatogram of an intact urine sample with a peak at
3.1 min and the MX peak at 4.5min, After acid hydrolysis, the peak at 3.1 min
disappeared, whereas the peak height at 4,5 min increased {figure 1C), indicating
the presence of conjugated MX in the urine sample. Thus, the target peak
(3.1 min) was carefully extracted by the method described above, with monitoring
of MX production by using HPLC. Based on the HPLC analysis of the hydrolysed
urine samples, the 0—6-h fraction was used for isolation of conjugated MX. The
target peak was separated from the urine sample to give 3.5 mg purified compound
after secondary purification with a packed column.

LC/MS[MS analysts of the isolated MX conjugate

The mass spectrum of the isolated MX conjugate is shown in figure 2. In the
negative ESI mass spectrum, the [M—-H]" ion appeared at m/z 398. This mass
number is 44 mass units higher than that of the product expected when MX is
subjected to direct glucuronidation (theoretical molecular mass, m/z 355). The
isolated conjugate was analysed by positive ESI mass spectrometry to give a peak
atmfz 417, corresponding to [M 4- NH,]", and its CID mass spectrum showed m/z
224, 180 and 58 as product ions from the precursor ion [M + NH,]" at m/z 417
(figure 3). These results indicate that the isolated conjugate is likely to contain a
carbonyloxy moiety in addition to MX and glucuronic acid moieties.

Hydrolysis of the conjugated MX

Since the isolated conjugate was postulated to possess a carbamoyloxy moiety
in the molecule, it was treated under a mild alkaline condition to confirm the
structure. When ammonium acetate buffer was used as the mobile phase, the
isolated MX conjugate emerged at 1.9min (figure 4A) and the retention times of
MX and its metabolites were slightly changed from those under the previous
condition: MX = 3.0 min, NHM = 3.5 min, DMPL =8.6 min, DMPN =11.0 min
and DMPNX =11.5min. When the isolated conjugate was treated with an
aqueous solution of sodium hydroxide, a peak at the same retention time as that
of MX (3.0 min) was observed in the HPLC chromatogram of the reaction mixture
(figure 4B). The same product was obtained from reaction mixtures when the
conjugate was hydrolysed with acid or B-glucuronidase (data not shown). When
the conjugate was treated with alkaline methanolic solution, the reaction mixture
gave two new peaks that emerged at 3.0min (MX) and 8.8 min (unknown new
peak) on HPLC analysis (figure 4C). This new peak at 8.8 min was considered an
N-methoxycarbonyl derivative of MX, based on the chemical reaction mechanism.
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Figure 2. Negative electrospray ionization-liquid chromatogram mass spectrum (A) and collision-

induced dissociation spectrum (B) from [M — H]™ at m/2 398 of the metwbolite isolated from
human urine.

Authentic NCM was synthesized as a standard to compare its chromatogram and
mass spectrum with those of the unknown product.

As shown in the ion chromatogram at m/z 238 (figure 5), synthetic NCM gave
the same retention time as that of the product from the conjugate treated with an
alkaline methanol solution. The MS/MS (CID spectrum) of m/z 238 derived from
synthetic NCM was identical with that derived from the metabolite treated with
sodium hydroxide in methanol {figure 6), indicating that the metabolite contains
an -NHCOO- group in its molecule. Thus, the structure of the isolated MX
conjugate was concluded to be the N-carbonyloxy p-D-glucuronide of MX.

Semiquantification of MX carbonvloxy B-D-glucuronide tn urine
Since enough authentic reference standard for MX carbonyloxy B-D-
glucuronide was unavailable, each peak height at 3.1 min of collected urine samples
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Figure 4 High-performance liquid chromatogram (HPLC) of the isolated metabolite (A). HPLC
analysis of the product obtained after treatment of the isolated metsbolite with 1 M sodium
hydroxide solution (B) or 1 M sodium hydroxide methanolic solution (C) at room temperature,
Peaks: 1, MX glucuronide = 1.9 min; 2, MX = 3.0 min; 3, new preduct=_8.8min.

(0-6-h fraction, n=:10) was compared with that of MX carbonyloxy B-D-glucu-
ronide (1 ggml™") under the same HPLC condition. When the amount of the
glucuronide in each urine sample was calculated by a peak height ratio, 17-31mg
MX carbonyloxy B-D-glucuronide was estimated to be present in each urine
sample. On the basis of this semiquantitative data for each urine sample after acid
hydrolysis, MX carbonyloxy B-D-glucuronide accounted for approximately
68~103% (n=10) of the total amount of conjugated MX.

Discussion
From a portion of urine collected from subjects after MX administration, a new
MX glucuronide was isolated. The use of soft ionization techniques in mass
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