ISSN 0253-9756  Acta Pharmacol Sin ¥ H# 44k 2001 Mar; 22 (3). 283 268
http: // www . chinaphar . com + 283 ¢

Interindividual variations in levels and activities of cytochrome
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ABSTRACT

ATM; To compare the level and/or activity of several im-
portant cytochrome P-450 (CYP) enzymes in liver micro-
somes prepared from different Chinese subjects. METH-
ODS; Individual CYP contents, including CYP1AZ,
CYP2(C9, and CYP3A4, in liver microsomes of 17 Han,
17 Zhuang, and 8 Miao subjects were determined by using
Western blot analysis and densitometric scanning. The
substrates for measuring the activity of individual CYP in
vitro included phenacetin, tolbutamide, debrisoquine, and
omeprazole. RESULTS: There was a large interindivid-
ual variability in the content and activity of CYP1A2, 2C9
and 3A4.  And the activity of CYP2DG6 also varied greatly
between individual samples. CYP3A4 (32 %) is the
most abundant CYP in Chinese liver microsomes, and the
levels of CYP2C9 (19 %) and CYP1A2 (16 %) were al-
so considerable. No clear ethnic, sex- and age-relaied
differences in individual CYP content and catalytic activity
were detected in 42 Chinese liver samples, except that
there were sormewhat ethnic and sex-related differences in
the content and activity of CYPLAZ. Good correlation
berween enzyme protein content and activity was found for
CYP1A2, 2C9 and 3A4. CONCLUSION: Our results
may provide useful information for the study of drug
metabolism by liver microsomes in Chinese .
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INTRODUCTION

The cytochrome P450 (CYP) is a superfamily of
hemoproteins that are the terminal oxidases of the mixed
function oxidase system, At least 481 CYP genes and 22
pseudogenes are known to exist across all speciest’).
The deduced amino acid sequences from these genes are
compared and divided into families and subfamilies. Of
the 35 known human CYP genes, only the eighteen forms
comprising families 1 — 3 are currently thought to be re-
sponsible: for the majority of hepatic metabolism of drugs
and non-drug xenobioticst' ~*) . Representatives of these
drug-metabolizing CYP include CYPIA2, 2A6, 2B6,
209, 2C19, 2D6, 2E1, and 3A4.

People usually show large interindividual variations
in drug oxidation reactions catalyzed by hepatic microso-
mal CYP, and these variations may lead to different sen-
sitivities of people to pharmacologic and toxicologic ac-
tions of drugs™* . Thus, it is of significance to deter-
mine the level and catalytic activity of the CYP important
to drug metabolism and to summarize the patterns of their
relative content in individual human livers. Up to now,
there have been a few studies for such an end in a large
pumber of liver samples from Caucasians'™®,
Japanese!®) and subjects whose ethnic origin was not
clear’™® | But no similar study has been previously con-
ducted in definitely Chinese livers. In consideration of
commonly interethnic differences in drug response'®
systematic characterization of CYP level and activity in a
relatively large number of Chinese livers is justifiable.
In the present study, a total of 42 Chinese liver samples
were examined with respect to level and/or catalytic
activity of four different CYP enzymes.

MATERIALS AND METHODS

Chemicals and materials Phenacetin, aceta-
minophen, tolbutamide, NADP, ghicose-6-phosphate,
glucose-6-phosphate dehydrogenase were purchased from
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Sigma Chemical Co (St Louis, MO, USA). Debriso-
quine, 4-hydroxydebrisoquine, and 4-hydroxytolbutamide
were purchased from Ultrafine Chemicals ( Manchester,
UK). Omeprazole, S-hydroxyomeprazole, omeprazole
sulfone, and H259/36 were generous gifis from Asira
Hiissle AB ( Molndal, Sweden). Acetonitrile and
methanol of HPLC grade were from Hunan Chemical In-
siiute ( Changsha, China). Recombinant CYP1AZ2,
2C9, and CYP3A4 expressed in human lymphoblast, and
goat anti-rat CYP1A2, anti-rat CYP2Cl1, and anti-rat
CYP3A2 were from Daiichi Pure Chemicals Co (Tokyo,
Japan). All other supplies are of the highest grades
available from commercial sources.

Preparation of human liver microsomes Of
the 42 native Chinese liver donors, 17 (10 men and 7
women) belong to the Zhuang minority group residing in
the southwestern part of the Autonomous Region of
Guangxi, 8 (3 men and 5 women} to the Miao minority
group in the Autonomous Prefecture of Western Hunan,
and the remaining 17 (13 men and 4 women) to the Han
majority in Hunan Province. The collection and use of
human liver tssue for studies had been approved by the
Ethics Committee of Hunan Medical University. The
criteria for selecting a liver sample into this study was
strict as described previously'™, but detailed histories of
some of the liver donors were not known. We therefore
analyzed the CYP variations without considerations of dis-
ease states and drug intake, although they may contribute
to the variations to some extent. Microsomes were pre-
pared by differential centrifugation'”). Microsomal pro-
tein concentrations were determined by the method of
Lowry" and the total P450 contents were measured
spectrally by the method of Omura & Sato"'?,

Western blot analysis The protein levels of
CYP1A2, CYP2(9, and CYP3A4 were determined using
Waesiern blot analysis and densitometric scanning with mi-
nor modifications'™ , In the present study, the goat anti-
rat CYP1A2 antibody was used to detect CYP1A2, the
anti-rat CYP2C11 antibody to detect CYP2C9 and the an-
ti-rat CYP3A2 antibody to detect CYP3A4 (antibody di-
lution 1: 500). Recombinant CYP1A2, CYP2C9, and
CYP3A4 expressed in human lymphoblast were used as
controls respectively.

Enzyme assays for CYP probes Substrates
with high specificity for several CYP forms important to
drug metabolism were selected; phenacetin O-deethyla-
tion for CYP1A2, tolbutamide 4-methyl-hydroxylation for
CYP2C9, debrisoquine 4-hydroxylation for CYP2D6,
and omeprazole sulfoxidation for CYP3A4. Rates of

production of each metabolite were quantified by HPLC
method using internal or extemal standard. The HPLC
system used was described as previously'" .

Phenacetin O-deethylation { CYP1A2 )
Phenacetin (-deethylation was measured after 20-min in-
cubations with human liver microsomes. Afier 1 min
preincubation, reactions were initiated by adding microso-
mal protein { final protein concentration; 0.5 g*L™') 10
incubation medium consisted of potassium-phosphate
buffer 0.1 mol-L~1{pH 7.4}, microsome protein 0.5 g*
L-!, NADP 5 mmol-L"!, glucose-6-phosphate 10 mmol
L1, glucose-6-phosphate dehydrogenase 2 kU * L,
MgCl, 10 mmol+L~!, and phenacetin 125 ymol*L~'in a
final volume of 500 pl.. Duplicate incubations were
used for each fiver specimen. The enzyme reactions
were terminated by cooling the samples in ice bath and by
adding 3 mL ice-cold acetoacetic ester (extraction soln-
tion). Phenobarbital 100 pL (50.0 pmol = L7')
methanol solution were then added to the samples as in-
ternal standard for assaying acetaminophen. The aliquot
of organic layer after shaking vigorously for T min and
centrifugation for 10 min (2500 x g} was transferred to
another glass tube and evaporated to dryness under a gen-
tle stream of nitrogen at 37 . Residues were reconsti-
tuted by 100 pL of HPLC mobile phase. Acetaminophen
and phenacetin were separated on a 5-um Kromasil C18
column (4.6 mm x 250 mm, ID, Alltech, Dalian, Chi-
na) at the wavelength of 240 nm at 40 C of column tem-
perature.  The mobile phase was a mixture of methanol
and double-distilled water (40/60, vol/vol) at a flow
rate of 0.8 mL+min~'. The iniraday and interday coef-
ficients of detection variation were within 10 % .

Tolbutamide 4-hydroxylation { CYP2C9)
The incubation method for tolbutamide hydroxylation was
the same as that for the phenacetin O-deethylation, ex-
cept that the incubation time was 1 h and that the substrate
concentration was 250 pmol-1.~'. In addition, extrac-
tion and HPLC analysis of samples for 4-hydroxytolbuta-
mide were also similar to those for the acetaminophen
with minor modifications. The mobile phase was a mix-
ture of methano! and double-distilled water (60/40, vol/
vol) at a flow rate of 0.8 mL-min~'. Detection was
measured by UV absorbance at 230 nm. The intraday
and interday coefficients of variation were less than
10 %.

Debrisoquine 4-hydroxylation ( CYP2D6 )
Microsomal protein 0.5 — 1.0 mg in 500 pE. was incubat-
ed with debrisoquine 250 pmol - L~ in the presence of
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MeCl 10 mmol=1L ', NADP 5 mmol- L', glucose-6-
phosphate 10 mmaol- 1., glucose-6-phosphate dehydro-
genase 2 kUL ™" in potassium-phosphate buller 0.1 mol:
L™" pH 7.4,
of incubation by placing the reaction tubes in ice hath and

Incubations were terrmnated afier ‘N1 man

by adding 110 pL of acetonitrile to precipitate mirosomul
protein. 4 Hydmxydebrisoguine formed in the incuba-
tons was also determined using HPLOC as deseribed by
others ™
urine samples were used.

Omeprazole sulfoxidation [CYP3A4)  Ome-

prazole sulfoxidation was evaluated at the substrale con-

except that microsomal incubation instead of

centration of 1K) mol* L™ according 1o our metheod de-
seribed previously' ™

Statistical analysis
s ANOVAL paired or unpaired Student’s #-test, and
Dunnett £-test were applied to analyze data, when appro-
priate,  Correlation analyses were performed by least-
squares linear regression, A P value less than 0005 was
considercd statistically significant,

Ihita were expressed as o+

RESULTS

Variations in content of total CYP and indi-
vidual CYP in Chinese microsomes  The individual
CYP analvzed in this pan were CYP1AZ, 209, and
ERES
blot analysis and densitometric scanning (Fig 1), The
recovery of CYP contents determined immunoehemically
accounted for about 62 % of the total CYP determined
spectrally { Tab 171, and good conelation was observed
hetween recovered CYP contents and wial CYP content
(r=0.73. P<0.05) (Fig 2}, CYP determined spec-
trally in liver mictosomes were (0,322 0.15) pmol-p ™!

Therr contents were determined by using Western

protein with an interindividual varahility of 6 folds. No
ethnic, sex- and age-related differences i total CYP con-
ent were found.  The mean CYPIAZ, 209, and 3A4
levels were about 16 %, 19 %, and 32 % of towl CYP,
respectively, in Chinese liver microsomes { Tab 1],
There was a large interindividual variability in the conten
of each CYP examined, namely, %.4-, 6.4-, and 4.0~
tme for CYPLAZ, 209, amd 3A4, mespectively,  The
CYPLA2 content in men was lower than that in women
(L0033 = 0.019) wy (0,066 £ 0,038) wmol- g pro
tein, P<0.05. Inaddition, the samples of Han {0,027
= 0019 ) pmol - g7' protein contained a
CYPIAZ content than those of Zhuang (0,056 + 0,037 )
Hmul-g" T1|J.'J|L’iﬂ. P 0,05 and Miao (0,042 =0, 014}

lonwer
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Fig 1. Wesiern blot analysis of CYPLIA2, 209, and
3A4, The fifth lane [from left to righu} of each nitro-
cellulose sheel is the recombinant CYPLAZ, 2C9, and
CYP3A4 (1 pmol} expressed in human lymphoblast, re-
spectively, CYP1A2 9 pg, 209 60 pg, and 3A4 45 pg,
and the sample numbers for lane 1 -4 and 6 - 9 are 40,
11, 23, 28, and 33, 7, 32, 29 in turn. In the panel of
CYP2C9, the above lanes represent CYP2C9, the bot-
tom lanes represent CYP2C1Y {unpublished data) .

Tab 1. Contents of total P-450 determined spectmally and
individal P-450 forms determined immumochemically in
liver microsmmes of 42 Chinese samples.  Values represent
x5, a: Percentage of tolal P45,  b: Determined spec-
trally. ¢: Determined immunochemically. d: Sum of in-
divichual forms of P-450 determined inmmunochemically.

P conten

1 . % of wial P-S0°
sl 7 prodein

Total P-450" A2 40,15 -

CYPlAZY T2 042 =11
CYP2CEF 00O 00 =13
CY 1A 0124 0.0 20
Tenal! 10288 4 11 GRS s = 2,

Although the content of
CYPIAZ appeared w be lower in men than n women
both in the Zhuang and in the Miao samples, the variance
is o0 great o reach a conclusion at the P <005 level.

panal= g~ protein, P < 0,05,

Nix significant ethnic and swex-relaed dilferences in protein
content were found for CYP2C9 and CYPIA4,  Any
ape-related differences i the levels of these three CYP
could not be detected.

Variations in enzyme activity of individual
CYP in Chinese microsomes  The catalylic aclivilics
of CYPIAZ, 209, and 53A4 were determined in 42
Chinese liver samples using probe substrates.  Although
the content of CYP2D6 wis nol determined  because we
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P<0.001 .
r=0.744
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Immunochemically measured CYP content/
umol-g 1protein

i

0 0.2 0.4 0.6 0.8

Spectrally determined CYP content/
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Fig 2. Correlation between total P-450 determined
spectrally and sum of the individual forms of P-450 de-
termined immunochemically (CYP1A2, 2C9, and 3A4)
in liver microsomes of 42 Chinese samples.

couid not obtain an anti-CYP2D6 antibody, its catalytic
activity was still measured due to its importance in drug
metabolism. At the subsirate concentrations of 125
(phenacetin), 250 ( tolbutamide ), 250 ( debrisoquine )
and 100 pmol * L™' (omeprazole), the activities of
CYP1AZ, 209, 2D6 and 3A4 could vary greafly in
ranges of 3.4-, 11.8-, 7.5-, and 9.8-folds, respective-
ly. There were no significant sex-related differences in
enzyme activity for the four CYP examined, except that
in the Zhuang samples the phenacetin O-decthylation
showed a lower activity in men than in women (P <
0.05). In accordance with the results of protein con-
tent, the CYP1A2 activity of Han samples (350  170)
nmol g™+ min~! was lower than those of Zhuang (590
+79) mmol g~ +min~!, P <0.05 and Miac samples
(490 £97) nmol*g~'-min"?, P <0.05. Possibly due
to the great variance, any other ethnic and age-related
differences in enzyme activity was not detected.
Correlation analysis Correlations between con-
tents of individual CYP and their activities by probe sub-
strates were determined in liver microsomes of 42 Chinese
samples. Good correlations were observed between
CYPIA2 content and phenacetin O-decthylation activity
(r=0.72, P <0.05), CYP2C9 content and tolbutamide
4-hydroxylation activity ( r = 0.80, P < 0.05), and
CYP3A4 content and omeprazole sulfoxidation activity (7
=0.79, P <0.05), respectively. No other significant
correlation between CYP content and drug oxidation ac-

tivity was found (Tab 2).

Tab 2. The enzyme activities of CYP1A2, 2C9, 2D6, and
3A4 in liver microsomes of 42 Chinese subjects. Values
represent X + 5. Reactions with high specificity were se-
lected to determine individual P450 activities: phenacetin
(125 pmol- L-') 4-methyl-hydroxylation for CYP2C9, de-
brisoquine (250 pmol+ L'} 4-hydroxylation for CYP2D6,
and omeprazole (100 pmol - L~') sulfoxidation for
CYP3A4.

P450 isoform Enzyme activity/nmol* g ™! - min~?
CYPLAZ 470 + 160
CYP2O9 210+ 140
CYP2D6 9+ 81
CYP3A4 280 + 150
Tab 3. Correlation coefficients { r) between levels and

activities in liver microsome of 42 Chinese. a: Deter-
mined spectrally. b: Determined immunochemically. c:
Sum of individual forms of P-450 determined immuno-
chemically. PA: phenacetin; TB: tolbutamide; DR: de-
brisoquine; OP: omeprazole.

PA TB DR op
Total P45 0.47 0.3 0.14 0.63
CYPlA2® 0.72 0.08 -0.05 0.4
CYP2OW 0.10 0.80 0.09 0.24
CYP3A4® 0.33 0.49 0.82 0.79
Total® 0.63 0.56 0.24 0.78
PA 1.00 0.18 0.28 0.49
TB 1.00 0.21 0.13
DR 1.00 0.44
op 1.00

DISCUSSION

In this stdy, we presented large interindividual
variations in the contents and activities of total CYP and
CYPLA2, 209, and 3A4 in Chinese liver microsomes.
In addition, the activity of CYP2D6 also varied greatly
between individual samples. These results can be used o
explain, at least in part, the large interindividual variabil-
ity in the disposition and response of certain drugs'® . It
is well recognized that the variability of drug metablism
results from multiple factors, including gemetic varia-
tions, sex, ethnicity, age, discase states, drug interac-
tions and so ont™ . Of these factors, genetic variations
of drug-metabolizing enzymes have been emphasized
mostly for the past twenty years'®). Much has been
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leasned about the genetic mutations in CYP2C9,
CYP2C19, and CYP2ZD6 genes that lead to marked dif-
ferences in enzyme activity. Recently, two genetic poly-
morphisms in CYP1A2 gene have also been associated
with its activity and/or inducibility!'"'® . Nevertheless,
until now no mutation in the CYP3A4 gene definitely re-
lating to enzyme activity has been reported. Genetic
variations may contribute greatly to the large variability in
the contents and activities of CYP in the present study.
However, a conclusion can not be reached until genotypes
of individual samples are available with respect to each
reported CYP allele, and in general until the regulation
and function of CYP genes is better understood.

Consistent with the previous findings from Japanese
and Caucasian liver microsomes'® , our results indicated
that CYP3A4 (32 %) was the most abundant CYP in
Chinese liver microsomes, and the levels of CYP2C9
(19 %) and CYP1A2 (16 %) were also comsiderable.
In addition, the level of CYP2C19 was determined to be
about 2 % of total CYP in Chinese liver microsomes in
our laboratory {unpublished data), which was also simi-
lar to those in Japanese and Caucasian liver micro-
somes'® . However, the total CYP level in liver micro-
somes of Chinese (0.32 pmol-g~! protein) appears to be
lower than that of Caucasians (0.43 pmol * g~! pro-
tein)¥'9) but slightly higher than that of Japanese (0.26
pmol-g~" protein)!®® .  Our results may thus serve as
evidence for ethnic differences in the metabolism of cer-
tain drugs between Cancasians and Orientals'” . China is
a multi-national country with 55 ethnic minorities besides
the Han majority. It is of interest to determine whether
the protein content and activity of CYP varies among
these different ethnic groups in the same country. In this
study, there was no ethnic differences in CYP content and
activity between the three ethnic groups examined, except
that the protein content and activity of CYP1AZ in the
Han samples was somewhat lower than both in the
Zhuang and in the Miao samples. Because the sex pro-
portion of Han (13 men and 4 women) was different from
those of Zhuang {10 men and 7 women) and Mizo (3
men and 5 women), the ethnic differences of CYPLA2 in
this study was, at least in part, due o the sex-related dif-
ferences described below. More studies are required to
elucidate the ethnic differences of CYP1A2 in vive and in
vitro .

It is interesting to note that the protein content and
activity of CYP1A2 in men was lower than those in wom-
en in this stady. This is inconsistent with the resuits of
recent population studies in vivo which suggested a higher

CYPLA2 activity in men'’>®) . The reason for this dis-
crepancy is not clear. Further studies with a great sam-
ple size and liver specimens of detailed histories may be
helpful to clarify it. However, large population studies
also showed that sex differences only had a small effect
on the interindividual variability of CYP1A2 activity™®” .
And it has been suggested that there are no marked sex-
related differences in CYP activities in humans®). Tn
addition, Wrighton er al has demonstrated that no clear
sex differences exist in CYP3A content and activity'2’,
and we only observed a marginal sex difference in
CYP2C19 activity recently'”’. These observations, in
consistence with the present results of no sex-related dif-
ferences of CYP2C9, 2D6, and 3A4, suggest that sex
differences may contribute to the interindividual variability
of CYP content and activity to a very minor extent. In
this study, we did not detect any age-related differences
in liver microsomes of patients aged from 33 a o 67 a
(45 + 10), indicating that age may also not be an impor-
tant reason for the interindividual variability in adults. In
summary, we characterized the level and/or catalytic ac-
tivity of several CYP important to drug metabolism in liv-
er microsomes from 42 Chinese samples and analyzed the
data with respect to interindividual variations and ethnic,
sex- and age-related differences. Our results may pro-
vide useful information for the study of drug metabolism
by liver microsomes in Chinese.
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