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ABSTRACT

ATM: To develop an analytical method for simultaneous
quantification of 5-hydroxyomeprazole (5-OH-OP) and
omeprazole sulfone (OPS), and explore whether omepra-
zole (OP) is an appropriate phenotypic probe for
CYP2C19 and CYP3A4 in Chinese liver microsomes.
METHODS: OP metabolism in vitro was conducted in
Chinese liver microsomes, and the major metabolites 5-
OH-OP and OPS were determined using high pressure lig-
uid chromatography (HPLC). Monoclonal antibodies
anti-CYP2C8/9/19 and anti-CYP3A4 were employed to
conduct inhibition experiments. The protein contents of
CYP2C19 and CYP3A4 were quantified using Western
blot analysis and densitometric scanning. RESULTS:
5-0H-OP and OPS gave a baseline resolution in the
HPLC analysis, The detection limits for both compounds
were (0.01 nmol and the recovery (98 % - 102 %) had
good precision with relative standard deviation of
<9.5 %. Both anti-CYP2C8/9/19 and anti-CYP3A4
had a significant inhibitory effect { P <0.05) on the 5-
OH-OP formation in a substrate concentration-dependent
manner, and anti-CYP3A4 alone could almost abolish the
formation of OPS (>87 % }. At a substrate concentra-
tion of 2 pmol/L OP, good comelations were found be-
tween OP 5-hydroxylation and S-mephenytoin 4'-hydrox-
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ylation activities (r=0.72, P <0.01), OP 5-hydroxy-
lation activities and CYP2C19 contents ( r =0.82, P <
0.01), and OP sulfoxidation activities and CYP3A4 con-
tents { ¥ =0.78, P <0.01) in Chinese liver microsomes.
CONCLUSION: OP metabolism is mediated mainly by
CYP2C19 and CYP3A4, and OP can be used to probe
CYP2C19 and CYP3A4 activities in Chinese liver micro-
somes at appropriate substrate concentrations with the
HPLC method presently developed.

INTRODUCTION

In recent years, the use of human liver microsomes
to identify the P450 enzyme(s) responsible for a given
metabolic pathway has increased greatly!'). One of the
fundamental study approaches for such an end is to corre-
late the metabolism of the tested drug with the activities
of each P450 enzyme possibly involved in a panel of liver
microsomes from different subjectsm. This approach of
correlation analysis necessitates characterizing the liver
microsomes for metabolic competency with probe sub-
strates of various P450 enzymes.

Omeprazole (OP), the prototypic gastric H* /K™ -
ATPase inhibitor, undergoes extensive and complete
metabolism in the liver to yield two major metabolites: 3-
hydroxyomeprazole (5-OH-OF) and omeprazole sulfone
(OPS)¥.  The formation of 5-OH-OP is mediated
mainly by CYP2C19 with cnly a minor contribution of
CYP3A4 in Japanese and Caucasian liver microsomes,
while the formation of OPS is almost CYP3A4-depen-
dent®=%) . OP thus may provide a convenient probe sub-
strate for both CYP2CI19 and CYP3A4 in drug metabolism
studies in vitro, To assume this role, close relationships
between the enzyme activities and/or protein conlents of
CYP2C19 and CYP3A4 and OP oxidative metabolism
would have to be further established respectively. In
fact, it has been supgested that OP can replace S5-
mephenytoin ( 5-MP) as an in vivo phenotypic probe for
CYP2CI19 in large population studies!® . OP metabolism
has not been fully characterized in Chinese liver micro-
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somes. In consideration of the interethnic differences in
the activities of CYP2C19'%) and CYP3A4'Y) | it is also
necessary to further evaluate the relative contributions of
these two enzymes to OP metabolism in Chinese liver mi-
crosomes. The present study was mainly to explore
whether OP is suitable for determining CYP2C19 and
CYP3A4 activities in Chinese [iver microsomes as a probe
substrate .

MATERIALS AND METHODS

Chemicals and materials OP, 5-OH-OP,
OPS,. and H259/36 (internal standard) were generous
gifts from Astra Hiissle AB (Molndal, Sweden). S-MP
and 4’-hydroxymephenytoin were generously donated by
Dr GR Wilkinson ( Vanderbilt University School of
Medicine, Nashville, TN, USA). NADP, glucose-6-
phosphate and glucose-6-phosphate dehydrogenase were
purchased from Sigma Chemical Co (St Louis, MO,
USA). Acetonitrile and methanol of HPLC grade were
from Linhan Chemical Factory (Zhejiang, China). Re-
combinant CYP2C19 and CYP3A4 expressed in human
Iymphoblast, and goat anti-rat CYP2C11 and anti-rat
CYP3A2 were from Daiichi Pure Chemicals Co {Tokyo,
Japan). Inhibitory monoclonal antibodies to human
CYP2C8/9/19 and CYP3A4, and anti-lysezyme molon-
clonal antibody {HyHel, IgG) as a control were gener-
ously donated by Dr T} Yang and Dr HV Gelboin (Labo-
ratories of Molecular Carcinogenesis and Metabolism,
NIH, Bethesda, MD, USA). All other supplies were of
the highest grades available from commercial sources.

Preparation of human liver microsomes The
twenty Chinese liver specimens used in this study were
randomly selected from our liver bank. The collection
and use of human liver tissue for studies had been ap-
proved by the Ethics Committee of Hunan Medical Uni-
versity. The collection procedures for liver tissue and its
morphologic and biochemical characterization were de-
scribed as elsewhere!™"),  Microsomes were prepared
by differential centrifugation’'®'"),  And microsomal
protein concentrations were determined by the method of
Lowry[ 2]

OP and §-MP metabolism in vitre The activ-
ities of OP 5-hydroxylase, OP sulfoxidase, and S-MP 4'-
hydroxylase ( CYP2C19) were measured in the micro-
somes of the twenty Chinese livers. The incubation
medium contained 0.1 mol/L potassium-phosphate buffer
{(pH 7.4}, 0.5 g/L of microsome prolein, 0.5 mmol/L
NADP, 5 mmol/L glucose-6-phosphate, 1 [U/mL glu-

cose-6-phosphate dehydrogenase, 5 mmoel/L MgCl;, 0.1
mmol/L edetic acid, and OGP (2 pmol/L) or S-MP (250
pmol/L) in a final volume of 500 L. Duplicate incu-
bations were used for each liver specimen. Preliminary
experiments showed that the formation rates of metabolites
for both OP and §-MP were linear at 37 T for the incu-
bation time up to 60 min and microsomal protein concen-
tration up to 1.0 g/L..  Accordingly, the incubation time
of 20 min for OP metabolism and 60 min for S-MP
metabolism, and the microsomal protein concentration of
0.5 g/L for both were employed for the subsequent
work. The enzyme reactions were terminated by cooling
the samples in ice bath and by adding 3 mL. of extraction
solutions

The inhibitory effect of monoclonal antibodies spe-
cific to CYP2C8/9/19 and CYP3A4 on OP metabolism
was examined with five specimens at substrate concentra-
tions of 2, 20, and 100 pmol/L, respectively. A ratio
of 1:5 {antibody; microsomal protein) of anti-CYP2C8/
9/19 and anti-CYP3A4 was used to ensure a maximal in-
hibitiory effect on CYP2C19 and CYP3A4, respectively,
which was tested on six specimens. Due to the limited
quantities of the antibodies, single incubations were em-
ployed.

HPLC analysis After the enzyme reactions were
terminated, 100 L H259/36 (24.0 pmol/L} methanol
solution was added to the samples as internal standard for
assaying 5-OH-OP and OPS both of which were extracted
with dicholoromethane. The aliquot of organic layer af-
ter shaking vigorously for 1 min and centrifugation for 10
min (2500 x g) was transferred to another glass be and
evaporated to dryness under a gentle stream of nitrogen at
37 €. Residues were reconstituted by 5¢ L or 100 uL
of HPLC mobile phase. The HPLC system consisted of
an HP series of 1050 pump, online degasser, variable
wavelength detector and manual injector { Hewlett-Packard
Co, USA). The HPLC was performed on a 5 pm Kro-
masil Cg column (4.6 mm x 250 mm, ID, Alltech,
Dalian, China) at the wavelength of 302 nm at 40 C of
column temperature. The mobile phase was a mixture of
acetonitrile, methanol, and phosphate buffer 0.01 mol/L
pH 8.0 (43:100:100, vol:vol:vol) at a flow rate of 1.
0 mL/min.

4'-OH-MP formed in the incubations was also deter-
mined using HPLC as described by otherst™ except that
microsomal incubation instead of blood samples was
used .
Western blot analysis The protein contents of
CYP2C19 and CYP3A4 were determined using Western
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blot analysis and densitometric scanning with minor modi-
fications'™. In the present study, the goat anti-rat
CYP2C11 antibody was used to detect CYP2C19, and the
anti-rat CYP3A2 antibody to detect CYP3A4 { antibody
dilution 1:500). Recombinant CYP2C19 and CYP3A4
expressed in human lymphoblast were used as controls re-
spectively.

Statistical analysis Data were expressed as x +
5. Pooled data were analyzed using worksheet program,
Excel (version 7.0, Microsoft Inc, USA). A one-way
?-test for unpaired and paired data was used to determine
the significance of differences in the inhibitory effects of
monoclonal antibodies.  Correlation analyses were per-
formed by least-squares linear regression. P <0.05 was
considered statistically significant.

RESULTS

Chromatographic quantification of 5-OH-OP
and OPS The retention times of 5-OH-OP, internal
standard, OP, and OPS were 5.5, 9.8, 12.2, and 13.5
min, respectively. No potential interfering peaks were
found in the blank incubation buffers. 5-OH-OP, inter-
nal standard, OP and OPS gave fully resolved and sym-
metrical peaks (Fig 1), The relative recoveries of both
5-0H-OP and OPS derived from the found and spiked
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Fig1. HPLC of extracted (A) blank incubation buffer

and (B) incubation buffer of human liver microsomes with
2 pmol/L OP. 1S; internal standard.

four levels ranged from 98 % — 102 % . The coeffi-
cients of variation for intra- and inter-day reproducibility
were less than 9.5 % . 5-OH-OP and OPS were linear
over the range of 0.02 — 5.0 nmol with a correlation co-
efficient of 0.999 and 0.998, respectively. This HPLC
method showed a limit of detection of (.01 amol for both
5-OH-OP and OPS.

Inhibition study with monoclonal antibodies
Both anti-CYP2C8/9/19 and anti-CYP3A4 could cause a
reduction in the formation of 3-OH-OP, and their in-
hibitory effects were substrate concentration-dependent but
changed to an opposite manner with an increase of sub-
strate concentrations (Fig 2). The addition of anti-
CYP2(C8/9/19 resulted in a mean 75.0 %, 56.4 %,
and 42.0 % (P <0.01) inhibition of the 5-OH-OP for-
mation at 2, 20, and 100 pmol/L OP respectively, while
anti-CYP3A4 comespondingly caused 22.2 % (0.01 < P
<0.05), 35.5 %, and 54.1 % (P <0.01) inhibition
at the three substrate concentrations. In addition, ant-
CYP3A4 almost abolished the formation of OPS at all the
substrate concentrations tested ( > 87 %, P <0.05),
while anti-CYP2C8/9/19 had littie inhibitory effect
(Fig 3).
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Fig 2. Effects of monoclonal antibodies anti-CYP2C8/
9/19 and anti-CYP3A4 on the formation of 5-OH-OP in
human liver microsomes at the substrate concentration
of {1) 2, (2) 20, and (3) 100 pmol/L OP. The inhibi-
tion study was performed with five liver specimens.

x=*ts.

Correlation analysis The twenty Chinese livers
were phenotyped with CYP2C19 putative probe substrate
S-MP (250 pmol/L) at first. The formation of 4'-OH-
MP was markedly deficient in three livers {less than 20
nmol*min~"+g~! microsomal protein) .  The microsomal
activities of OP 5-hiydroxylation and sulfoxidation in these
livers were then measured at a substrate concentration of 2
pmol/L.. Good correlation was found between the OP 5-
hydroxylation and §-MP 4’-hydroxylation activities ( » =
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Fig 3. Effects of monoclonal antibodies anti-CYP2C8/

9/19 and anti-CYP3A4 on the formation of OPS in hu-
man liver microsomes at the substrate concentration of
{1} 2, {2) 20, and (3) 100 pmol/L OP. The inhibition
study was performed with five liver specimens. ®+ .

0.71, P<0.01; Fig4). The average protein contents
of CYP2C19 and CYP3A4 in these livers were 7.0 and
119.3 nmol/g microsomal protein, respectively. There
was a 5-fold variation in the CYP3A4 content. Interest-
ingly, the three livers deficient in S-MP 4'-hydroxylation
activity had very low activities of OP 5-hydroxylation and
lacked CYP2C19 protein. The OP 5-hydroxlation activi-
tics correlated well with the CYP2C19 contents ( r =
0.82; P<0.01; Fig 5), but not with the contents of
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Fig 4. Correlation between OP 5-hydroxylation and S-MP
4’ -hydroxylation activities in the microsomes of 20 Chinese
livers. The substrate concentrations were 2 pmol/'L OP
and 250 pmol/L §-MP, respectively.
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Fig 5. Correlation between OP 5-hydroxylation activi-
ties and CYP2C19 protein contents in the microsomes of
20 Chinese livers. The substrate concentration for OP
5-hydroxylation was 2 pmol/L OP.

CYP3A4 (r= -0.33, P>0.10). However, good
correlation was found between OP sulfoxidation activities
and the CYP3A4 contents ( r =0.78, P <0.01; Fig6).
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Fig 6. Correlation between OP sulfoxidation activities
and CYP3A4 protein contents in the microsomes of 20 Chi-
nese livers. The substrate concentration for OP sulfoxida-
tion is 2 pmol/L OP.
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DISCUSSION

The extractor, mobile phase, and/or intemal stan-

dard employed in this study to determine the 5-OH-OP
and OPS formed in liver microsomes were different from
those reported previously®~*) . However, good preci-
sion was still achieved for the recoveries of OP and OPS.
Furthermore, the simple and convenient HPLC method
had a wide linear range and excellent sensitivity for quan-
tification of these two compounds, which met well with
the analytical demands for studying drug metabolism in
W'tm[lsl .
Consistent with the previous findings from Japanese
and Caucasian liver microsomes'®™>, our results from
inhibition experiments indicated that both CYP2C and
CYP3A4 were responsible for OP 5-hydroxylation in Chi-
nese liver microsomes. The sum of the inhibitory effects
of anti-CYP2C8/9/19 and anti-CYP3A4 was more than
90 % at each substrate concentration tested, suggesting
little contribution of other P450 enzymes except CYP2C
and CYP3A4. We could not discriminate the roles of
CYP2C8, 2C9, 2C18 and 2C19, but it has been report-
ed, by using human recombinant P450 enzymes, that the
former three may only contribute to the reaction at high
substrate concentrations'*®’ . In this study, at a low sub-
sirate concentration (2 pmol/L) that is close to in vivo
therapeutic plasma levels, the 5-OH-OP formation was
inhibited by anti-CYP2C8/9/19 o an extent of 75.0 %
extent, and correlated well with the CYP2C19-mediated
4’-hydroxymephenytoin formation and the CYF2C19 pro-
tein contents respectively. These in vitro resulls indicate
clearly that 5-OH-OP is formed mainly by CYP2C1? in
Chinese liver microsomes at such a low substrate concen-
tration, consistent with in vivo results of cosegregation of
OP 5-hydroxylation with S-MP 4'-hydroxylation in Chi-
nese subjects'’” . In addition, the substrate concentra-
tion-dependent inhibition of OP 5-hydroxylation by anti-
CYP2C8/9/19 and anti-CYP3A4 showed that with the
increase of substrate concentration, the relative contribu-
tion of CYP2C to the reaction decreased while that of
CYP3A4 increased.

In contrast to 5-hydroxylation, OP sulfoxidation was
almost inhibited by anti-CYP3A4 alone. And good cor-
relation was found between the sulfoxidation activities and
the CYP3A4 protein contents. These data showed that
OPS was formed principally by CYP3A4 in Chinese liver
microsomes, which is also in line with the previous re-
l3-5)

CYP2C19 has recently become a subject of extensive

sul

studies concerning individual and ethnic variation of drug
metabolism'”® . And CYP3A4 has been shown to be
the most abundant P450 enzyme in human liver micro-
somes ¥ and has been shown to be involved in the bio-
transformations of numerous xenobiotic and endobiotic
chemicals''®!®), 1t is thus of interest to use a single
probe to phenotype livers with respect to these two impor-
tant P450 enzymes. The present results indicated that
when an appropriate substrate concentration was used, for
example 2 ymol/L, the activities of OP 5-hydroxylation
and sulfoxidation can reflect well the CYP2C19 and
CYP3A4 activities in Chinese liver microsomes respec-
tively.

In summary, this study indicated that OP 5-hydroxy-
lation was mediated by both CYP2C19 and CYP3A4,
while OP sulfoxidation was principally CYP3A4-depen-
dent in Chinese liver microsomes. Consequently, OP
could be used as a probe substrate to phenotype Chinese
Livers regarding CYP2C19 and CYP3A4 activities when
an appropriate substrate concentration was employed. In
addition, we developed a simple and sensitive HPLC
method for such in virre phenotyping procedures and for
studying OP metabolism in vitro .
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