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Constitutive expression levels of hepatic CYP1A subfamily enzymes, CYP1A1 and CYP1A2,
in male and female Meishan pigs were examined at levels of the mRNA, protein, and
enzyme activity. In mature (5-month-old) pigs, levels of hepatic CYP1A1l and CYP1A2
mRNAs, as determined by RT-PCR, were much higher in females than in males, but those
of castrated male pigs were equivalent to female pigs. The gender-related differencesin the

Keywords: levels of CYP1A mRNAs closely correlated with those of the corresponding apoproteins
Cytochrome P450 determined by Western blotting. Hepatic enzyme activities not only for the O-dealkylation
CYP1A1 of ethoxyresorufin and methoxyresorufin (typical substrates for CYP1A1l and CYP1A2,
CYP1A2 respectively) but also for the mutagenic activation of benzo[a]pyrene and 2-amino-6-

methyl-dipyrido[1,2-a; 3',2’-d]imidazole (typical substrates for CYP1A1l and CYP1A2,
respectively) were also much greater in female and castrated male pigs than in male pigs.

Sex-difference
Liver

Meishan pigs In immature (1-month-old) pigs, no such gender-related differences were observed, and
their gene expression levels of the CYP1A subfamily enzymes were almost the same as
those of mature female pigs. Furthermore, treatment of immature pigs with testosterone
resultedin a drastic decrease in thelevels of the CYP1A1 and CYP1A2 mRNAs in both sexes.
The present findings demonstrate a gender-related difference in the constitutive expres-
sion of hepatic CYP1A subfamily enzymes in Meishan pigs and further indicate that
androgen down-regulates the constitutive gene expression of the enzymes.

© 2007 Elsevier Inc. All rights reserved.

1. Introduction P450 subfamily enzymes have different substrate-specificities

[2], and their expression levels are often influenced by a variety

The liver plays an important role in the metabolism of
xenobiotics and steroid hormones and the biosynthesis/
metabolism of cholesterol. The metabolism of xenobiotics
and steroid hormones is mainly catalyzed by hepatic cyto-
chrome P450 (P450), which consists of several subfamilies [1].
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of host factors including sex, age, and physiological state.
Sexual dimorphism in the expression of several P450
subfamily enzymes, including CYP3A and CYP2C subfamily
enzymes which are responsible for drug-metabolism, is well
known [3-5]. Different secretion profile of growth hormone is
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Table 1 - Body weights of pigs used in the present study

Age (months) Treatment Number Body weight (kg)
Male Castrated male Female

Experiment 1

5 None 3 50.4 +4.2 55.3+9.6 49.8 + 8.7

1 None 3 5.5+0.8 - 5.2+0.5
Experiment 2

1 None 3 6.5+0.3 - 6.9+ 1.1

1 Vehicle 6.8 - 5.0

1 TP 6.8+0.2 - 74+03

The values shown represent mean =+ S.D. The vehicle was corn oil.

known to determine the sexually dimorphic constitutive
expression of CYP2A, 2C, and 3A subfamily enzymes [5-7].
Likewise, androgen is also known to determine sexually
dimorphic constitutive and/or xenobiotic-induced expres-
sions of P450 subfamily enzymes, including Cyp2b [8], Cypla2
[9-12], and Cyp4b1 [13,14] in mice.

It is well known that CYP1A subfamily enzymes play an
important role in the metabolism of many carcinogens and
drugs. For example, CYP1A1l and CYP1A2 catalyze the
metabolic activation of carcinogenic aryl hydrocarbons
including benzo[a]pyrene [15] and carcinogenic aromatic
amines including cooked food-derived heterocyclic amines
[16,17]. Further, the activities of CYP1A1 and CYP1A2 in target
tissues are one of the host factors that determine carcinogenic
susceptibility of experimental animals toward the aryl
hydrocarbons [15,18] and the aromatic amines [9-11,19],
respectively.

Since many physiological characteristics of pigs are similar
to those of humans, pharmacological and toxicological studies
with pigs would contribute to our understanding of human
responses to xenobiotics such as drugs and environmental
chemicals. Recently, we have identified the cDNA sequences
for several pig P450 subfamily enzymes including the CYP1A
subfamily [20]. However, there is little information about the
expression of hepatic P450 in pigs.

In the present study, we examined whether or not thereis a
gender-related difference in the constitutive expression of
hepatic CYP1A subfamily enzymes, CYP1A1 and CYP1A2, in
Meishan pigs. Results indicate that there is a gender-related
difference in the constitutive expression of CYP1A isoforms
and further confirm that pig CYP1A1 and CYP1A2 enzymes
have a clear ability to activate benzo[a]pyrene and 2-amino-6-
methyl-dipyrido[1,2-a; 3/,2'-d]imidazole to mutagenic forms,
respectively.

2. Materials and methods
2.1. Animals

Meishan pigs were bred and kept at the National Institute of
Livestock and Grassland Science, Tsukuba, Japan. Pigs were
fed a commercial grain diet and provided with water ad libitum.
Pigs were killed at the age of 5 months or 1 month. Castration
was performed at the age of 1 month, and castrated pigs were
killed at 5 months of age. After each animal in experimental

groups was killed, a portion of the liver was quickly removed,
frozen in liquid nitrogen, and kept at —80 °C for subsequent
analysis. The mean body weights of the Meishan pigs used in
the present study are shown in Table 1.

2.2. Treatment with testosterone

Testosterone propionate (TP; Sigma Chemical Co., St. Louis,
MO) was administered to immature (1-month-old) male and
female pigs. In brief, the testosterone propionate (50 mg/ml)
dissolved in corn oil was intramuscularly injected, at a dose of
10 mg/kg, to the rear leg of the pig five times with a 1-day
intervals. Pigs were killed 24 h after the last injection.

2.3.  Gene expression of hepatic CYP1A subfamily enzymes

Total RNA was prepared from individual livers using TRIzol
Reagent (Invitrogen Corp., Carlsbad, CA, USA) and used to
determine the level of the gene expression of CYP1A isoforms,
CYP1A1 and CYP1A2. Briefly, a portion (4 ng) of total RNA was
converted to ¢cDNA in 20 pl of reverse transcription (RT)-
reaction mixture using the SuperScript First-Strand Synthesis
System for RT-PCR (Invitrogen) and oligo d(T);,-1g according to
the manufacturer’s instructions. PCR was performed in a 25 pl
reaction mixture containing 0.5 pl of the RT-reaction mixture,
200 pM of dNTP, 1 U of AmpliTaq Gold, and 400 nM of each
primer (forward and reverse). Primer sequences are shown in
Table 2. A primer pair specific for CYP1A2 was designed on
basis of the cDNA sequences of CYP1A1 (GenBank accession
no. AB052254) and CYP1A2 (GenBank accession no. BP442953).
Primers for glyceraldehydes 3-phosphate dehydrogenase
(G3PDH), which was used as an internal standard, were
obtained from Toyobo (Tokyo, Japan). The amplification
protocol was as follows; preactivation of AmpliTaq Gold for
10 min at 95 °C and then 23-25 cycles of denaturation for 30 s
at 95 °C, annealing for 30 s at 55 °C, and extension for 30 s at
72 °C. The PCR products were electrophoresed in 2% agarose
gel and visualized using ethidium bromide. Gene products
were semi-quantified by measuring the intensity of bands
with a Luminous Imager (Aisin Cosmos R&D Co. Ltd., Kariya,
Japan).

2.4.  Preparation of hepatic microsomes

Microsomal fractions were prepared from liver homogenates
by differential centrifugations as described previously [10].
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Table 2 - Primer pairs used in the present study

Gene Forward primer Reverse primer Length (bp) Accession no.

CYP1A1 atcctggagctcttcegac ggtatgatccctcaggettg 584 AB052254

CYP1A2 gtgaggagatgttcagcatcgtgaag cttctgtatctcaggatatgtcaca 386 BP442953
The amount of microsomal protein was determined by the 2.7.  Statistical analysis

method of Lowry et al. [21].
2.5.  Western blot analysis of CYP1A proteins

Western blot analysis was performed according to the method
of Degawa et al. [11] with a slight modification. In brief, each
hepatic microsomal preparation (50 ng protein/lane) was
separated by 9% SDS-polyacrylamide gel electrophoresis.
The separated proteins were transferred from the gel to a
nitrocellulose membrane, Hybond-ECL (GE Healthcare Bio-
Sciences Corp., Piscataway, NJ, USA), and then immunos-
tained by reaction with the primary antibody followed by
reaction with horseradish peroxidase (HRP)-conjugated sec-
ondary antibody. A goat anti-rat CYP1A2 serum (‘‘Antiserum
for human CYP1A1/1A2”: Daiichi Pure Chemicals, Tokyo,
Japan), which is cross-reactive with human CYP1A1/1A2, was
used as the first antibody. An HRP-conjugated rabbit anti-goat
IgG (Sigma) was used as the second antibody, and 0.05% 3,3'-
diaminobenzidine tetrachloride (Wako Pure Chemical Indus-
tries Ltd., Osaka, Japan) was used as the enzyme substrate.

2.6.  CYP1A subfamily enzyme activities

Hepatic microsomal activities for the ethoxyresorufin O-
deethylation (EROD) and methoxyresorufin O-demethylation
(MROD), which are mainly catalyzed by CYP1A1 and CYP1A2,
respectively [22,23], were determined by the method of
Degawa et al. [24]. Briefly, a reaction medium (250 pl of
0.1M sodium phosphate buffer, pH 7.4) containing hepatic
microsomes (150 png) and an NADPH-generating system was
pre-incubated at 37 °C for 10 min, and the reaction was started
by the addition of 5 pl of methoxyresorufin or ethoxyresorufin
(250 nM) dissolved in dimethylsulfoxide. After incubation at
37 °C for 10 min, 250 pl of cold ethanol was added to stop the
reaction. The reaction mixture was centrifuged for 10 min at
2500 x g, and the amount of resorufin formed in the resulting
supernatant was measured using a Wallac 1420 ARVOsx
Mutilabel Counter (PerkinElmer Life Sciences, Wellesley, MA)
at an excitation wavelength of 550nm and an emission
wavelength of 590 nm. In addition, hepatic microsomal EROD
and MROD activities increased in a reaction time-dependent
manner at least until 10 min.

Since benzo[a]pyrene (B[a]P) and 2-amino-6-methyl-dipyr-
ido[1,2-a;3',2'-d]imidazole hydrochloride (Glu-P-1) are known to
be selectively converted to mutagenic forms by CYP1A1 and
CYP1A2, respectively [25], Ames’ bacterial mutation assay using
B[a]P and Glu-P-1 as premutagens was also performed accord-
ing to the method of Degawa et al. [25]. In brief, 9000 x g
supernatant (S9) was prepared from liver homogenates of pigs
in each experimental group and used as an enzyme source. The
S9 activities for mutagenic activations of B[a]P (100 nmol/plate)
and Glu-P-1 (2 nmol/plate) toward Salmonella typhimurium TA98
were examined.

Significant differences were evaluated using the Student’s
t-test.

3. Results

3.1.  Gene expression levels of CYP1A subfamily enzymes
in mature pigs

Five-month-old pigs were used as sexually mature pigs [26,27].
Constitutive gene expression levels of hepatic CYP1A sub-
family enzymes, CYP1A1 and CYP1A2, were examined by RT-
PCRin mature male and female pigs, and the results are shown
in Fig. 1. The mRNAs of CYP1Al and CYP1A2 were clearly
detected in female pigs but faintly in male pigs (Fig. 1a). The
gene expression levels of CYP1A subfamily enzymes were
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Fig. 1 - Hepatic gene expression of CYP1A1 and CYP1A2 in
5-month-old pigs. Total RNAs were prepared from
individual livers of three pigs in each experimental group;
intact male (M), castrated male (CM), and intact female (F).
Four micrograms of total RNA was converted to cDNA, and
the resulting cDNA was amplified by PCR. (a) Expression
patterns for the CYP1A1 and CYP1A2 genes in individual
pigs. Equal volumes of the PCR reaction mixtures were
subjected to electrophoresis on a 2% agarose gel. (b) Gene
expression levels of CYP1A1 and CYP1A2 were normalized
to that of G3PDH, an internal standard, and shown as
ratios to the corresponding intact male pigs. Each column
indicates the mean in each experimental group, and bars
represent the standard deviation of the mean (n = 3).
Significantly different from intact male pigs: P < 0.01.
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Fig. 2 - Western blot analysis of hepatic CYP1A apoproteins
in 5-month-old pigs. Hepatic microsomal fractions were
prepared from the livers of intact male (M), castrated male
(CM), and female (F) pigs. The pooled microsomes (50 g/
lane) from three pigs per experimental group were used
for Western blot analysis.

much higher in female pigs than in male pigs (Fig. 1b). In
addition, castration of male pigs led to a female-like
gene expression pattern of CYP1A subfamily enzymes
(Fig. 1a and b).

3.2, Western blot analysis of hepatic CYP1A apoproteins
in mature pigs

Levels of CYP1A1 and CYP1A2 apoproteins were compara-
tively examined among the mature male, castrated male, and
female pigs. The bands corresponding to CYP1A1 and CYP1A2,
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which were determined on the basis of data described by
Myers et al. [28], were clearly detected in castrated male pigs
and mature female pigs, but barely detectable in intact male

pigs (Fig. 2).

3.3.  Gender-related differences in CYP1A subfamily
enzyme activity

CYP1A subfamily enzyme activities were examined in mature
male, castrated male, and female pigs. The enzyme assays
were performed using ethoxyresorufin and methoxyresor-
ufin as typical substrates for CYP1A1 and CYP1A2, respec-
tively. Hepatic microsomal activities for ethoxyresorufin O-
deethylation (EROD) and methoxyresorufin O-demethylation
(MROD) were 10-fold and 20-fold higher, respectively, in
female pigs than in male pigs (Fig. 3a). In castrated male pigs,
the activities for EROD and MROD were equivalent to those of
female pigs.

We also performed Ames’ bacterial mutation assay using
B[a]P and Glu-P-1, which are converted to mutagenic forms by
the CYP1A1and CYP1A2 [25], respectively. Hepatic S9 activities
for mutagenic activations of B[a]P and Glu-P-1 toward S.
typhimurium TA98 were much higher in female pigs than in
male pigs (Fig. 3b). In castrated male pigs, the S9 activities were
equivalent to those of female pigs.
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Fig. 3 — Activities of CYP1A enzymes in the 5-month-old pig liver. (a) Microsomal activities for EROD and MROD. Hepatic
microsomal fractions were prepared from individual livers of three pigs in each experimental group; intact male (M),
castrated male (CM) and intact female (F). The enzyme assays were performed as described in Section 2. Each column
represents the mean in each experimental group, and bars represent the standard deviation of the mean (n = 3). (b) S9
activities for mutagenic activation of B[a]P and Glu-P-1 toward S. typhimurium TA98. CYP1A activities in hepatic S9 fractions
(pooled from three pigs per experimental group) were determined by the Ames’ test using B[a]P and Glu-P-1, which are
converted to mutagenic forms by CYP1A1 and CYP1Az2, respectively. Amounts of the S-9 used for B[a]P and Glu-P-1 were
1.5 mg protein/plate and 150 pg protein/plate, respectively. Mutagenicity toward S. typhimurium TA98 is shown as the
number of revertant colonies/mg protein/plate. Each column represents the mean in each experimental group, and bars
represent the standard error of the mean (n = 4). Significantly different from intact male pigs: ‘P < 0.05, "P < 0.01.
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Fig. 4 - Hepatic gene expression levels of CYP1A1 and
CYP1A2 in 1-month-old pigs. Total RNA was prepared
from the liver of 1-month-old male (M) and female (F) pigs
and from 5-month-old female pigs (F*; total RNA pooled
from three pigs) as a positive control. Four micrograms of
total RNA was converted to cDNA, and the resulting cDNA
was amplified by PCR. (a) Equal volumes of the PCR
reaction mixtures were subjected to electrophoresis on a
2% agarose gel. (b) Gene expression levels of CYP1A1 and
CYP1A2 were normalized to that of G3PDH. Graphs show
fold-change with respect to mature (5-month-old) female
pigs. Each column represents the mean in each
experimental group, and bars represent the standard
deviation of the mean (n = 3).

3.4.  Gene expression levels of CYP1A subfamily enzymes
in immature pigs

One-month-old pigs were used as sexually immature pigs
[26,27]. To clarify the relationship between constitutive gene

Male

expression of CYP1A subfamily enzymes and sexual-
maturation, gene expression levels of the enzymes were
compared between immature male and female pigs. RT-PCR
analyses revealed that there was no gender-related differ-
ence in the constitutive gene expression of CYP1A subfamily
enzymes, and expression levels of CYP1A1 and CYP1A2 in
immature pigs were equivalent to those of mature female

pigs (Fig. 4).

3.5. Down-regulation of the gene expression of CYP1A
subfamily enzymes by testosterone

To determine whether or not androgen suppresses the
constitutive gene expression of hepatic CYP1A1 and CYP1A2,
testosterone propionate (TP) was administered to immature
(1-month-old) male and female pigs. As shown in Fig. 5,
treatment with TP led to a clear decrease in the gene
expression of CYP1A1 and CYP1A2 in both sexes of pigs.

4, Discussion

In the present study, we found that there is a gender-related
difference in the constitutive expression of hepatic CYP1A
subfamily enzymes, CYP1A1l and CYP1A2, in mature (5-
month-old) pigs. The mRNA and protein levels of CYP1A
subfamily enzymes were much greater in female pigs than in
males. Likewise, CYP1A enzyme activities were much higher
in female than in male pigs.

Castration of male pigs led to a female-like expression
pattern of the enzymes. Furthermore, no gender-related
difference in the constitutive expression of CYP1A subfamily
enzymes was observed in immature (1-month-old) pigs. These
present findings proposed a hypothesis that androgen down-
regulates the constitutive expression of CYP1A subfamily
enzymes. To demonstrate this, we further examined the
effects of androgen TP-administration on hepatic gene
expression of CYP1A subfamily enzymes in immature male
and female pigs and showed that the gene expression levels of
CYP1A1 and CYP1A2 were drastically down-regulated by TP-
treatment in both sexes of immature pigs. We previously
reported the gender-related differences in the carcinogenic
aromatic amine-mediated induction of Cypla2 in the mouse

Female
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Fig. 5 - Effect of TP-treatment on hepatic gene expression of CYP1A1 and CYP1A2 in 1-month-old pigs. Testosterone
propionate or vehicle (corn oil) was intramuscularly injected (10 mg/kg) five times with a 1-day interval to 1-month-old
(immature) male and female Meishan pigs. Pigs were killed 24 h after the last treatment. Total RNA was prepared from
individual livers of pigs, and 4 g of total RNA was converted to cDNA, and the resulting cDNA was amplified by PCR. Equal
volumes of the PCR products were subjected to electrophoresis on a 2% agarose gel, and bands were visualized by UV
fluorescence of ethidium bromide. Lanes 1-3, untreated; lane 4, vehicle; lanes 5-7; TP-treatment.
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liver [9-12] and the inhibitory effect of androgen on the gene
expression of the enzyme [11,12]. These findings strongly
suggest that androgen plays an important role in the
constitutive and/or chemical-mediated gene expression of
hepatic CYP1A subfamily enzymes, although the mechan-
ism of androgen-mediated down-regulation of CYP1A sub-
family genes remains unclear. In addition, the differential
levels of constitutive and/or carcinogen-induced CYP1A
subfamily enzymes in target tissues closely correlate
with the susceptibility of experimental animals toward
carcinogenic aryl hydrocarbons [15,18] and aromatic amines
[9-11,19].

To date, sexual dimorphisms in the constitutive expression
of the CYP2A, CYP3A, and CYP2C subfamily enzymes are
reported to be due to differential secretion of growth hormone
[5-7]. Hepatic CYP1A subfamily enzymes would not be
regulated in this way. Concerning constitutive gene expres-
sion of hepatic CYP1A subfamily enzymes, a clear gender-
related difference has not been found until our present
findings.

In conclusion, we demonstrate for the first time the
gender-related difference in constitutive expression of
hepatic CYP1A subfamily enzymes in Meishan pigs and
further show that the constitutive gene expression was
down-regulated by androgen. Meishan pigs would be useful
animals for further understanding of the mechanism under-
lying the gender-related difference in constitutive expression
of CYP1A subfamily enzymes that play an important role in
the metabolism of the endogenous and exogenous chemicals,
including steroid hormones, drugs, and environmental
carcinogens.

Acknowledgements

We thank the Swine Management Section of the National
Institute of Livestock and Grassland Science, Tsukuba, Japan,
for the care of animals and for collecting tissues. This work
was supported in part by a Science Research Grant, Integrated
research project for plant, insect and animal using genome
technology, from the Ministry of Agriculture, Forestry and
Fisheries of Japan (M.K.).

REFERENCES

[1] Nelson DR, Koymans L, Kamataki T, Stegeman JJ,
Feyereisen R, Waxman D], et al. P450 superfamily: update
on new sequences, gene mapping, accession numbers and
nomenclature. Pharmacogenetics 1996;6:1-42.

Omiecinski CJ, Remmel RP, Hosagrahara VP. Concise review
of the cytochrome P450s and their roles in toxicology.
Toxicol Sci 1999;48:151-6.

Legraverend C, Mode A, Wells T, Robinson I, Gustafsson J-A.
Hepatic steroid hydroxylating enzymes are controlled

by the sexually dimorphic pattern of growth hormone
secretion in normal and dwarf rats. FASEB ] 1992;6:

711-8.

Shapiro BH, Agrawal AK, Pampori NA. Gender differences
in drug metabolism regulated by growth hormone. Int ]
Biochem Cell Biol 1995;27:9-20.

[2

3

4

[5] Mode A, Gustafsson J-A. Sex and the liver—a journey

through five decades. Drug Metab Rev 2006;38:

197-207.

Agrawal AK, Shapiro BH. Intrinsic signals in the sexually

dimorphic circulating growth hormone profiles of the rat.

Mol Cell Endocrinol 2001;173:167-81.

Waxman DJ, O’Connor C. Growth hormone regulation of

sex-dependent liver gene expression. Mol Endocrinol

2006;20:2613-29.

Honkakoski P, Kojo A, Lang MA. Regulation of the mouse

liver cytochrome P450 2B subfamily by sex hormones and

Phenobarbital. Biochem ] 1992;285:979-83.

Hashimoto Y, Degawa M, Kojima M, Hishinuma T.

Induction of carcinogen activation enzymes by feeding of a

carcinogenic tryptophan pyrolysate correlates to sex

difference in the carcinogenesis of the mouse. Gann
1982;73:508-10.

[10] Degawa M, Kojima M, Hishinuma T, Hashimoto Y. Sex-
dependent induction of hepatic enzymes for mutagenic
activation of a tryptophan pyrolysate component, 3-amino-
1,4-dimethyl-5H-pyrido[4,3-b]indole, by feeding in mice.
Cancer Res 1985;45:96-102.

[11] Degawa M, Yamaya C, Hashimoto Y. Hepatic cytochrome P-
450 isozymes induced by dietary carcinogenic aromatic
amines preferentially in female mice of DBA/2 and other
strains. Carcinogenesis 1988;9:567-71.

[12] Degawa M, Hanaki K, Sekimoto M. A hepatocarcinogenic
tryptophan-pyrolyzate component, Trp-P-1, decreases
serum total testosterone level and induces hepatic Cypla2
in male mice. Cancer Sci 2006;97:32-7.

[13] Degawa M, Miura S, Hashimoto Y. Androgen-dependent
renal microsomal cytochrome P-450 responsible for N-
hydroxylation and mutagenic activation of 3-methoxy-4-
aminoazobenzene in the BALB/c mouse. Cancer Res
1990;50:2729-33.

[14] Imaoka S, Hiroi T, Tamura Y, Yamazaki H, Shimada T,
Komori M, et al. Mutagenic activation of 3-methoxy-4-
aminoazobenzene by mouse renal cytochrome P450
CYP4B1: cloning and characterization of mouse CYP4B1.
Arch Biochem Biophys 1995;321:255-62.

[15] Conney AH. Induction of microsomal enzymes by foreign
chemicals and carcinogenesis by polycyclic aromatic
hydrocarbons: G.H.A. Clowes memorial lecture. Cancer Res
1982;42:4875-917.

[16] Ishii K, Yamazoe Y, Kamataiki T, Kato R. Metabolic
activation of glutamic acid pyrolysis products, 2-amino-6-
dimethyldipyrido[1,2-a:3',2’-d]imidazole and 2-amino-
dipyrido[1,2-a:3,2'-d]imidazole, by purified cytochrome P-
450. Chem Biol Interact 1981;38:1-13.

[17] Kamataki T, Maeda K, Yamazoe Y, Matsuda N, Ishii K, Kato
R. A high-spin form of cytochrome P-450 highly purified
from polychlorinated biphenyl-treated rats. Catalytic
characterization and immunochemical quantitation in
liver microsomes. Mol Pharmacol 1983;23:146-55.

[18] Shimizu Y, Nakatsuru Y, Ichinose M, Takahashi Y, Kume H,
Mimura J, et al. Benzo[a]pyrene carcinogenicity is lost
lacking the aryl hydrocarbon receptor. Proc Natl Acad Sci
USA 2000;87:779-82.

[19] Kleman M, Overvik E, Mason G, Gustafsson J-A. Effects of
the food mutagens MelQx and PhIP on the expression of
cytochrome P450IA proteins in various tissues of male and
female rats. Caricinogenisis 1990;11:2185-9.

[20] Kojima M, Morozumi T. Cloning of six full-length cDNAs
encoding pig cytochrome P450 enzymes and gene
expression of these enzymes in the liver and kidney. ]
Health Sci 2004;50:518-29.

[21] Lowry OH, Rosebrough NJ, Farr AL, Randall R]. Protein
measurement with the Folin phenol reagent. ] Biol Chem
1951;193:265-75.

6

[7

8

[9



1082 BIOCHEMICAL PHARMACOLOGY 75 (2008) 1076-1082

[22] Burke MD, Thompson S, Elcombe CR, Halpert J, Haaparanta
T, Mayer RT. Ethoxy-, pentoxy- and bezyloxyphenoxazones
and homologues: a series of substrates to distinguish
between different induced cytochrome P-450. Biochem
Pharmacol 1985;34:3337-45.

[23] Burke MD, Thompson S, Weaver R], Wolf CR, Mayer RT.
Cytochrome P450 specificities of alkoxyresorufin O-
dealkylation in human and rat liver. Biochem Pharmacol
1994;48:923-36.

[24] Degawa M, Nakayama M, Konno Y, Masubuchi K, Yamazoe
Y. 2-Methoxy-4-nitroaniline and its isomers induce
cytochrome P4501A (CYP1A) enzymes with different
selectivities in the rat liver. Biochim Biophys Acta
1998;1379:391-8.

[25] Degawa M, Ueno H, Miura S, Ohta A, Namiki M. A simple
method for assessment of rat cytochrome P-448 isozymes
responsible for the mutagenic activation of carcinogenic
chemicals. Mutat Res 1988;203:333-8.

[26] Prunier A, Chopineau M, Mounier AM, Mormede P. Patterns
of plasma LH, FSH, oestradiol and corticosteroids from
birth to the first oestrous cycle in Meishan gilts. ] Reprod
Fertil 1993;98:313-9.

[27] Lunstra DD, Ford JJ, Wise TH. Physiology of the Meishan
boar. ] Reprod Fertil Suppl 1997;52:181-93.

[28] Myers M]J, Farrell DE, Howard KD, Kawalek JC. Identification
of multiple constitutive and inducible hepatic cytochrome
P450 enzymes in market weight swine. Drug Metab Dispos
2001;29:908-15.



	A novel gender-related difference in the constitutive expression of hepatic cytochrome P4501A subfamily enzymes in Meishan pigs
	Introduction
	Materials and methods
	Animals
	Treatment with testosterone
	Gene expression of hepatic CYP1A subfamily enzymes
	Preparation of hepatic microsomes
	Western blot analysis of CYP1A proteins
	CYP1A subfamily enzyme activities
	Statistical analysis

	Results
	Gene expression levels of CYP1A subfamily enzymes in mature pigs
	Western blot analysis of hepatic CYP1A apoproteins in mature pigs
	Gender-related differences in CYP1A subfamily enzyme activity
	Gene expression levels of CYP1A subfamily enzymes in immature pigs
	Down-regulation of the gene expression of CYP1A subfamily enzymes by testosterone

	Discussion
	Acknowledgements
	References


