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ABSTRACT

Cytochrome P450 enzymes, CYP3A and CYP1A are major drug metabolizing enzymes in the liver. CYP3A
enzymes have a major role in the metabolism of 30-40% of all used drugs. CYP1A2 is a key enzyme having
an important role in the metabolic clearance of 5% of currently marketed drugs. CYP1A2 participates in the
metabolic activation of chemical mutagens in cooked food, therefore its activity is suspected to be one of
the possible risk factors determining the carcinogenicity of heterocyclic amines in human beings. In a
previous report, we have reported the induction of CYP3A2 and the inhibition of CYP1A2 by Fibrate
(CFA) and proved CYP1A2 inhibition to be PPARa-dependent. CYP3A2 and CYP1A2 have been reported
to be induced in the liver by Phenobarbital (PB) while Fibrates was reported to induce CYP3A2. However
the exact mechanism of the induction of CYP3A2 by CFA and PB and induction of CYP1A2 by PB has not
been clarified yet whether it is through Constitutive Androstane Receptor (CAR) or other receptor as
PPARa or Pregnane X Receptor (PXR). We treated Wistar female rats (with normal expression of CAR
protein) and Wistar femal Kyoto rats (with low expression of CAR protein) with PB and Clofibric Acid
(CFA). PB caused a high CYP3A2 induction in Wistar female rats and a low induction in (WKY) indicating
that PB induced CYP3A2 in a CAR-dependent manner. Interestingly, PB treatment induced CYP1A2 in
Wistar female rats and failed to induce it in (WKY) indicating that the induction of CYP1A2 by PB to be
CAR-dependent. Moreover CFA induced CYP3A2 protein similarly in both rat strains indicating that
CYP3A2 induction by Fibrates is CAR-independent and most probably to be PXR or PPARa-dependent.
For the best of our knowledge this is the first report that shows a clear evidence of the CAR-dependent
induction of CYP1A2 and CYP3A2 by PB and the CAR-independent induction of CYP3A2 by fibrates.
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1. INTRODUCTION 2012). These enzymes play an important role in the
catabolism of several endogenous steroids like
Cytochrome enzymes are clinically involved in testosterone, progesterone, cortisol and bile acids

drug-drug interaction. CYP3A constitutes about 20% of
the total CYP protein in the liver (Wojcikowski et al.,

(Patki ef al., 2003; Bodin et al., 2005). They have also a
major role in the metabolism of 30-40% of all clinically
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used drugs (Evans and Relling, 1999; Zanger et al.,
2008). Rat CYP3A2 exhibits a 73% homology of the
amino acid sequence and some substrate preference to
human CYP3A4 (Gibson et al., 2002). Rat CYP3A2 and
human CYP3A4 are involved in the metabolism of
erythromycin, nifedipine, lidocaine, testosterone
aflatoxin B1 and benzo (a) pyrene (Gibson et al., 2002;
Nedelcheva and Gut, 1994). CYP3A4 is highly
expressed in adult liver and small intestine and catalyzes
the metabolism of a variety of xenobiotics and
endobiotics, including drugs, environmental chemicals,
carcinogens and steroid hormones (Lamba et al., 2002).
Induction or inhibition of CYP3A4 expression by some
drugs is of a major clinical concern for drug-drug
interactions in patients receiving multiple CYP3A4-
metabolizing drugs (Li et al., 2012). Many drugs can up
or down-regulate CYP3A4 expression (Luo et al., 2004).
Therefore, understanding the mechanisms of CYP3A2
expression in response to clinically used drugs and
environmental signals is critically important for drug
therapy. Besides being the main CYP in the liver,
CYP3A4 is also expressed in the small intestine
contributing to first-pass elimination of many drugs
(Paine et al., 1996). Luo et al. (2004) reported that in
cultured human hepatocytes and in vivo, PXR represents
the main signaling pathway for CYP3A4 induction and
also stated that at high concentrations, Phenobarbital
induced CYP3A4 by direct activation of human PXR.
Moreover, Phenobarbital and phenobarbital-like
compounds were demonstrated to induce CYP3A4 gene
expression through CAR-mediated signaling pathway
(Sueyoshi er al., 1999; Xie et al., 2000). CYP1A2
enzyme is constitutively expressed in the liver and
catalyzes the metabolism of many drugs, such as
theophylline, caffeine, phenacetin and propranolol
(Gonzalez, 1992). CYP1A2 is one of the key enzymes
having an important role in the metabolic clearance of
5% of currently marketed drugs (Faber et al., 2005).
CYP1A2 participates in the metabolic activation of
chemical mutagens in cooked food, such as 2-amino-3-
methylimidazo[4,5-f]quinoline (IQ), 2-amino-3,8-
dimethylimidazo[4,5-f]quinoxaline  and  2-amino-1-
methyl-6-phenylimidazo[4,5-b]pyridine (Boobis et al.,
1995). The activity of CYP1A2 is suspected to be one of
the possible risk factors determining the carcinogenicity
of heterocyclic amines in human beings (Zaher et al.,
1998). It was demonstrated that CYP1A2 mRNA could
be induced by phenobarbital in female C57BL/6Ncrj
(C57BL/6) mice in in vivo as well as in vitro
experiments (Nemoto and Sakurai, 1995). A significant
increase of theophylline clearance after chronic
Phenobarbital treatment was reported in humans
(Saccar et al., 1985). It was reported that phenobarbital
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treatment of a human hepatocyte culture resulted in a
slight increase of the N-3 demethylation of caffeine,
which is catalyzed by CYP1A2 in human livers
(Ratanasavanh et al., 1990), who suggested the possibility
that CYP1A2 is inducible by phenobarbital in humans.
Aryl hydrocarbon receptor (AhR) activation regulates the
transcription of CYP1A1 and CYP1A2 and several other
genes (Nebert er al., 2004). However, CYP1A2 was
reported to be induced by Phenobarbital in mice in an
AhR-independent manner (Sakuma er al.,, 1999).
CYP1A2 and CYP3A4 constitute the main pool of CYP
protein in human liver as CYP1A2 constitute about (10-
13%) (Maurel, 1998) and CYP3A constitutes about 20%
of the total CYP protein in the liver (Wojcikowski et al.,
2012). CYP1A2 can be induced by cigarette smoking
and by a number of polycyclic aromatic hydrocarbons
such as TCDD and bnaphthoflavone (Graham and Lake,
2008), while CYP3A4 is strongly inducible by a number
of drugs including rifampicin, arbamazepine,
barbiturates and corticosteroids. CYP1A2 induction is
mainly through activation of the AhR. The mechanism of
CYP1A2 induction by Phenobarbital whether it is
through CAR or AhR is still unclear. Moreover the
induction of CYP3A by Phenobarbital and fibrates
whether it is through CAR or PXR or both is still also
questionable. In this study we used a fairly good model
of two different rat strains that have different CAR
expression levels to investigate the mechanism of
CYP3A2 induction by Phenobarbital and Clofibric acid
and also the induction of CYP1A2 by Phenobarbital. We
could strongly prove that CYP3A2 and CYP1A2
induction by PB is CAR dependent while CYP3A2
induction by CFA is CAR-independent.

2. MATERIALS AND METHODS

2.1. Materials

Bovine Serum Albumin (BSA), rabbit horseradish
peroxidase-labeled anti-goat IgG and Phenobarbital were
purchased from Sigma Chemical Co. (St Louis, MO,
USA).  Diamino-benzidine-tetrahydro-chloride ~ was
obtained from Kanto Chemical Co. (Tokyo Japan) and
clofibric acid (2-(p-chlorophenoxy)-2- methylpropionic
acid) of 97% purity was from Pfaltz and Bauer, Inc.
(NY, USA). Goat anti-rat CYP2B1- Polyclonal antibody,
rabbit anti-rat CYP3A2, Goat antirat CYP1A1/1A2 and
Goat anti-rat CYP4A1 polyclonal antibodies were from
Daiichi Pure Chemical Co., Ltd. (Tokyo, Japan). Rabbit
horseradish peroxidase labeled anti-goat IgG was from
Sigma Chemical Co. (St Louis, MO, USA). Goat
horseradish peroxidase-labelled anti-rabbit was from Santa
Cruz Biotechnology (CA, USA). Goat anti-rat CAR was
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purchased from Santa Cruz Biotechnology (Santa Cruz,
CA, USA). Rabbit horseradish peroxidase-labeled anti-goat
IgG was from Sigma Chemical Co. (St Louis, MO, USA).
Other chemicals and solvents were of analytical grade.
ECLPlus chemiluminescence kit was purchased from
Amersham Life Science, Cleveland, OH, USA.

2.2. Animals

In the first part of the experiment, ten female Wistar
and ten female Wistar Kyoto rats aged 7 weeks were
obtained from Charlze River, Nakagawa, Yokohama,
Japan. 5 rats from each strain were intraperitoneally
injected with PB (80 mg kg-1) and rats were sacrificed
24 h later. In the second part of the experiment, 15 rats
from either strain were divided into 3 groups of 5 rats per
each group. The first group in each strain was used as a
control, the second group was treated with CFA in corn
oil and the third group was treated with PB. Rats were
housed at 24+1°C with a 12 h light/12 h dark cycle and
given laboratory food (MR stock, NOSA N Co.,
Yokohama, Japan) and water ad libitum. All experiments
were performed under the supervision and approval of
the Institutional Animal Care and Use Committee of
Hokkaido University and Taif University. The CFA-
treated group was orally administered CFA (300 mg
kg-1) at 8 AM for three consecutive days, while all other
groups were administered the same volume of corn oil as
a vehicle. On the third day at 8 AM, the third group
received PB (80 mg kg-1) by intraperitoneal injection,
while all other groups were injected with the same
volume of saline. Twenty four hours later, rats were
sacrificed with carbon dioxide and the livers were
removed and perfused with ice-cold buffer I (50 mM
Tris-HCI, pH 7.4; 25 mM KCI; 5 mM MgClz; 0.25 mM
sucrose; 0.1 mM PMSF). The microsomal fractions from
half of the livers were prepared according to the method of
Omura and Sato (1964), with slight modifications. Liver
samples were minced and homogenized using a Teflon
homogenizer in three times their volume of ice-cold 0.1 M
Potassium Phosphate Buffer (KPB), pH 7.4. Homogenized
samples were centrifuged at 9,000g at 4°C for 20 min. The
supernatant fraction was centrifuged at 105,000g at 4°C for
70 min to obtain a mitochondrion-free microsomal pellet.
The washed microsomes were then suspended in 0.1 M
KPB, pH 7.4, divided into 1.5 ml tubes, snap-frozen in
liquid nitrogen then kept at -80°C until use. Microsomal
protein concentrations were determined according to the
method of Lowry et al. (1951), using BSA as a standard.

2.3. Nuclear Extraction

Nuclear protein was isolated from the second half of
the liver samples according to the method of Carey et al.
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(1987), with slight modifications. Briefly, samples were
homogenized in ice-cold buffer I (50 mM Tris-HCI, pH
7.4; 25 mM KCI; 5 mM MgClz; 0.25 mM sucrose; 0.1
mM PMSF) using a Teflon homogenizer. The resulting
homogenate was centrifuged at 600g at 4°C for 10 min.
Pellets were then homogenized in twice their volume of
buffer I. The homogenates were layered onto buffer I
containing 2.3 M sucrose (ratio 4:1) and centrifuged at
12,000g at 4°C 40 min. The fraction containing thenuclei
was washed with buffer I and re-suspended in nuclear
lysis buffer (20 mM HEPES, pH 7.8; 1.5 mM,MgCly;
420 mM NaCl; 0.2 mM EDTA pH 8; 1 mM DTT; 0.5
mM PMSF; 25% glycerol) and kept on ice for 30 min,
then it was centrifuged at 12,000g at 4°C for 2 min. The
resulting supernatant containing the nuclear extract was
snap-frozen in liquid nitrogen and kept at- 80°C until
use. Nuclear protein concentrations were determined
according to the method of Lowry et al. (1951), using
BSA as a standard.

2.4. Western Blotting

Aliquots of liver microsomal protein (12 pg) or
nuclear protein (30 pg) from treated and control rats
were applied to 10% Sodium Dodecyl-Sulfate (SDS)
polyacrylamide gels and separated by electrophoresis
using a Protean 2 mini 1-D cell (BioRad, Hercules, CA,
USA). The proteins were transferred electrophoretically
onto nitrocellulose membrane, blocked with 5% skim
milk in Phosphate-Buffered Saline (PBS) containing 1%
Tween 20 for 2 h at room temperature and probed with
the appropriate antibody in PBS containing 1% Tween
20 on a shaker for 2 h at room temperature. Horseradish
peroxidase-labeled anti-goat IgG or anti-rabbit IgG were
used as secondary antibodies. Immunoreactive protein
bands were revealed either by oxidation of 0.025% 3,3-
diaminobenzidine tetrahydrochloride with 0.0075%
hydrogen peroxide catalyzed by peroxidase in 50
mMTris-HCI1 (pH 7.6), or by detection with the ECL-
Plus kit using Polaroid Camera. Intensities of the
immunoreactive bands were analyzed densitometrically
using the public domain NIH Image program
www.rbs.info.nih.gov/nih-image.

2.5. RNA Extraction

Total RNA was isolated from 50 mg liver tissues
using Tri Reagent (Sigma Chemical Co.; St. Louis, MO,
USA). Briefly, liver tissue samples were homogenized in
1 ml Tri Reagent, then 0.3 mL chloroform was added to
the sample. The mixture was then shaken for 30 s and
centrifuged at 4°C and 12,000g for 20 min. The
supernatant layers were transferred to a new set of tubes
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and equal volumes of isopropanol were added to the
samples, vortexed for 15 s and centrifuged at 4°C and
12,000g for 15 min. The RNA pellets were washed with
70% ethanol. RNA was Dissolved in Deionized,
Diethylpyrocarbonate (DEPC) water. Concentration of
prepared RNA samples were checked by measuring
optical density at 260nm. The integrity and quality of the
prepared RNA samples were checked by agarose gel
electrophoresis and by determining OD260/0D280 ratio
which was 1.7-1.9 for all samples.

2.6. RT-PCR

cDNA was synthesized as follows: A mixture of 5
png total RNA and 0.5 ng oligo dT primer, in a total
volume of 24 pL sterilized ultra-pure water, was
incubated at 70°C for 10 min and then removed from the
thermal cycler. The mixture was made up to 40 puL using
8 uL RT-buffer (5X), 2 uL 10 mM dNTP, 4 uL. DEPC
water and 2 pL reverse transcriptase (Toyobo Co., Ltd,
Osaka, Japan). The mixture was then re-incubated in the
thermal cycler at 30°C for 10 min, at 42°C for 1 h and at
90°C for 10 min to prepare the cDNA. Semi-quantitative
PCR for B-actin and PXR mRNA was performed as
follows: 1 pL aliquots of the synthesized ¢cDNA was
added to 19 pL of a mixture containing sterilized
ultrapure water, 2 uL PCR buffer (10X), 2 uL ANTP (2.5
mM), 0.3 pl sense and 0.3 pL anti-sense specific primers
(100 pM) and 0.1 pL EX-Taq polymerase (Takara,
Kyoto, Japan). Amplification was initiated by
denaturation with one cycle at 94°C for 4 min followed,
in each cycle, by denaturation at 94°C for 1 min and
annealing at (56°C for B-actin and 58°C for PXR) for 1
min, extension at 72°C for 1 min and a final incubation
for 7 min at 72°C after the last cycle of amplification
using a DNA thermal cycler (BioRad). The primer used
for B-actin was forward 5-
ATGTACGTAGCCATCCAGGC-3* and reverse 5’-
TCCACACAGAGTACTTGCGC-3’, accession number
Accession VO01217. The primer for PXR mRNA
amplification was PXR forward, 5’-
AAGACGGCAGCATCTGGAACT-3’ and the reverse
was 5’-CGCCCTTGAACATGTAGGTTG-3".
(Accession number AF 151377). Amplified PCR
products were subjected to electrophoresis using 1.0-
1.5% agarose gels. Bands were stained with ethidium
bromide and visualized by ultraviolet illumination and
photographed. Intensities of the bands were
densitometrically analyzed on a Macintosh computer
using the public domain NIH image program.

2.7. Statistical Analysis

All data are expressed as means £SDs. Statistical
significance was evaluated using the Tukey-Kramer
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HSD difference (JMP; SAS Institute, Cary, NC, USA)

test. Results were considered to be statistically
significant at the p<0.05 level.
3. RESULTS

3.1.Effect of PB Treatment on CYP2B Protein
expression and CAR Protein Nuclear
Translocation in Wistar Female Rats and
Wistar Kyoto Female Rats

Treatment of both rat strains with PB showed that
CYP2B1/2 protein were highly induced in female Wistar
rats while their levels were very low in Wistar Kyoto
female rats (Fig. 1A), Investigation of the nuclear
translocation of CAR protein showed low levels of CAR
protein in the nuclear extract of female Wistar Kyoto
female rats compared to those of female Wistar rats (Fig.
1B). The low levels of CYP2B1/2 induction in female
Wistar Kyoto female rats compared to those of female
Wistar rats and the low level of nuclear CAR protein in
female Wistar Kyoto rats confirm their validity for use in
this study.

3.2.Effect of PB and CFA Treatment on
CYP3A2 Protein Expression and CAR
Protein Nuclear Translocation

CYP3A2 protein was induced by PB than control in
both rat strains, However its induction by PB was much
higher Wistar female rats than Wistar Koyoto female
rats. Interestingly, CYP3A2 protein was induced by CFA
in a similar level in both rat strains (Fig. 2A). To track
the mechanism behind this we measured the nuclear
translocation of CAR protein. CFA treatment induced
nuclear translocation of CAR to a greater extent than in
the control in both strain. PB treatment showed low level
of CAR nuclear translocation compared to CA treatment
groups in both rat strains (Fig. 2B).

3.3.Effect of PB and CFA Treatment on PXR
mRNA Expression

Measurement of PXR mRNA expression by RT-
PCR showed that PB treatment did not affect PXR. CFA
treatment induced PXR mRNA expression in both rat
strain (Fig. 3), this raise the possibility of PXR activation
by CFA and indicates that CFA may act in upstream of
the PXR transcription pathway, a mechanism through
which CFA induces CYP3A2.
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Fig. 1. Effect of Phenobarbital treatment on CYP2B1/2 protein and CAR protein nuclear translocation in Wistar female rats and
Wistar Kyoto female rats (WKY). Female Wistar or Wistar Kyoto rats were treated with 80 mg kg™' PB intra peritoneum. 24
h later, rats were sacrificed with CO,. Microsomal protein (12 pg/lane) samples were applied to 10% SDS-PAGE,
transblotted onto nitrocellulose membranes and reacted with CYP2B antibodies, as described in the Materials and Methods.
(A) CYP2B protein expression due to PB treatment. (WF) Wistar rats while (WKY) Wistar Kyoto rats, Representative blots
and results of densitometric analyses of 5 rats from each strain are shown. Values are means + SD. *# lower than Wistar
female rats p< 0.05. (B) Nuclear protein extracts were prepared from liver samples. Cytosol or nuclear protein samples (30
ng/lane) were applied to 10% SDS-PAGE, transblotted onto nitrocellulose membranes and reacted with CAR antibodies, as
described in the Materials and Methods. [WF] denotes Wistar female rats [WKY] denotes Wistar Kyoto female rats, [C]
denotes cytosolic protein and [N] denotes nuclear protein
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Fig. 2. Effect of PB and CFA treatment on CYP3A2 protein expression and CAR protein nuclear translocation. Female Wistar or
Wistar Kyoto rats were treated with 300 mg kg™' CFA for 3 days or 80 mg kg™' PB intra peritoneum 24 h prior to sacrifice
with CO2. (A) CYP3A2 protein expression. Microsomal protein (12 pg/lane) was applied to 10% SDS-PAGE, transblotted
onto nitrocellulose membranes and reacted with CYP3A2 antibodies as described in the Materials and Methods. (B) Results
of densitometric analyses of 5 rats from each group are shown. Data are presented in columns representing Mean + SD. *
Significantly higher than control in Wistar rats p<0.05. (C) Nuclear CAR protein expression. Nuclear protein extracts were
prepared from liver samples. Nuclear protein samples (30 pg/lane) were applied to 10% SDS-PAGE, transblotted onto
nitrocellulose membranes and reacted with CAR antibodies, as described in the Materials and Methods. (C) denotes control,
(CFA) clofibric acid, (PB) phenobarbital. Representative blots of 5 rats in each treated groups are presented
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Fig. 3. Effect of PB and CFA treatment on PXR mRNA expression (A) PXR mRNA expression Semi-quantitative PCR was
performed to estimate the expression level of PXR mRNA in each treated group of both rat strains. Total RNA was isolated
and RT-PCR was performed as described in the Materials and Methods. cDNA samples were amplified in PCR tubes using
25 cycles for B-actin mRNA (lower panel) and 30 cycles for PXR mRNA amplification (upper panel). PXR mRNA upper
panel were normalized to its corresponding B-actin mRNA bands and then calculated relative to the mean values in Wistar
rats control group. (B) Results of densitometric analyses of 5 rats from each group are shown. Data are presented in columns
representing Mean + SD. *Significantly higher than Wistar rats control group p<0.05. (C) denote control, (CFA) denote
clofibric acid treated, (PB) denote Phenobarbital treated
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Fig. 4. Effect of CAR protein level on CYP1A2 induction by PB and inhibition by CFAFemale Wistar or Wistar Kyoto rats were
treated with 300 mg kg™' CFA for 3 days or 80 mg kg™ PB i.p., for 24 h prior to sacrifice with COz. (A) Effects of CFA or PB
treatment on CYP1A2 in Wistar female and Wistar Kyoto female rats. Microsomal protein (12 pg/lane) was applied to 10%
SDS-PAGE, transblotted onto nitrocellulose membranes and reacted with CYP1A1/1A2 antibodies as described in the
Materials and Methods. (B) Results of densitometric analyses of 5 rats from each group are shown. Data are presented in
columns representing Mean + SD. * Significantly higher than control in Wistar rats p<0.05. (C) Effects of CFA or PB
treatment on CYP4Al. Microsomal protein (12 pg/lane) was applied to 10% SDS-PAGE, transblotted onto nitrocellulose
membranes and reacted with CYP4A1 antibodies as described in the Materials and Methods. (C) denotes control, (CFA)
clofibric acid, (PB) phenobarbital. Representative blots of 5 rats in each treated groups are presented
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3.4.Effect of CAR Protein Level on CYP1A2
Induction by PB and Inhibition by CFA

PB treatment induced CYP1A2 protein in Wistar
rats having normal level of CAR protein but not in
Wistar female Kyoto rats have low level of CAR protein
(Fig. 4A) indicating the PB-induction of CYP1A2 is
CAR dependent. Treatment of rats with CFA inhibited
CYP1A2 protein expression than control to the same
level in rat both strains indicating the inhibition of
CYP1A2 by CFA is CAR-independent. To confirm the
effect of CFA we measured CYP4A protein, the main
target for PPARa. CYP4A protein was induced by CFA
to the same extent in both rat strains only in the CFA
acid treated groups (Fig. 4B) As CYP4A is the target of
PPARGo, its induction indicate the activation of PPARa.
This result combined with the result showing CYP3A2
induction with CFA treatment raise the possibility that
CYP3A2 induction by CFA to be through PPARa.

4. DISCUSSION

CYP3A is the most abundant isoform of CYP
metabolizing enzyme in human liver as it metabolizes
more than 50% of current clinical drugs (Wacher et al.,
1995). Induction or inhibition of CYP3A4 expression by
some drugs is a major clinical concern for drug-drug
interactions in patients receiving multiple CYP3A4-
metabolizing drugs (Li et al., 2012). In a previous study,
we have reported that PPARa ligand (CFA) induced
CYP3A2 in rat liver (Shaban et al., 2005) however the
mechanism of that induction was not clear. In this study
PB highly induced CYP3A2 (16 folds) in Wistar rats
having normal CAR expression but, slightly induced
CYP3A2 (three folds) in WKY rats having low level of
CAR expression which indicates that PB induces
CYP3A2 mainly in a CAR- dependent manner (Fig. 2).
The CAR-dependent induction of CYP3A2 with PB
treatment is in line with the data reported in a previous
study (Ueda ef al., 2002). This also is in accordance with
a previous in vitro study showed that CAR-RXR
heterodimer can bind to the ER6 responsive element of
the human CYP3A4 gene and mediated PB-dependent
expression in a stable HepG2 cell line (Czekaj, 2000).
Notably, PB did not show a high nuclear translocation of
CAR protein compared to control. Indeed, PB was
reported to induce CAR activation without binding to the
receptor through unknown mechanism (Moore et al.,
2000). Recently, it was demonstrated that the
Phenobarbital ~ induced  mechanism  of CAR
dephosphorylation and activation is mediated through its
direct interaction with and inhibition of EGFR
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(Mutoh et al., 2013). CFA induced CAR nuclear
translocation in both strains than control and PB treated
groups. This may indicate the ability of CFA to bind to
and activate CAR. In the current study the up-regulation
of nuclear CAR protein in the CFA-treated groups
indicates the high possibility of CFA to be a direct ligand
and activator of CAR. However, this still needs more
elucidation. In spite of the different level of nuclear CAR
protein induction in Wistar female rats and Wistar Kyoto
female rats due to CFA treatment, it induced CYP3A by
similar levels in both rat strains which indicates that its
way for CYP3A induction is CAR-independent. In
parallel with CYP3A induction with CFA treatment,
PXR mRNA was up-regulated with CFA treatment in
both rat strains. This in addition to PPARa activation
manifested by CYP4A induction with CFA imply that
CFA induces CYP3A in a PXR-dependent or in a
PPARa-dependent manner or through activation of both
receptors however it still needs further elucidations.
CYP1A2 mRNA was demonstrated to be induced by
phenobarbital in female C57BL/6Ncrj (C57BL/6) mice
in vivo as well as in vitro experiments (Nemoto and
Sakurai, 1995). CYP1A2 is one of the key enzymes in
the metabolic clearance of 5% of currently marketed
drugs (Faber et al., 2005). It participates in the metabolic
activation of chemical mutagens in cooked food,
(Boobis et al., 1995). In our study we used two different
rat strains containing different levels of CAR protein
expression and demonstrated that PB was able to induce
CYP1A2 protein only in the rat strain having normal
CAR protein expression while it fails to induce CYP1A2
in the Wistar female Kyoto rats having a low CAR
protein expression which gives a clear proof that the PB-
induction of CYP1A2 is a CAR-dependent. The
induction of CYP1A2 by PB is in accordance with the
data demonstrated a significant increase of theophylline
clearance after chronic Phenobarbital treatment in
humans (Saccar et al., 1985). The activity of CYP1A2 is
suspected to be one of the possible risk factors
determining the carcinogenicity of heterocyclic amines
in human beings (Zaher et al., 1998). The substrates for
P450s enzymes are highly lipophilic. In the process of
metabolizing some compounds, the P450 system can
catalyze the formation of reactive metabolites that can
lead to toxicity and/or carcinogenesis (Guengerich et al.,
2003). It is known that the cytochrome P450 family
generates ROS as byproducts of microsomal oxidation. It
was stated that the production of ROS due to increased
CYPI1A expression is induced not only by classical AhR
ligand but also the atypical non-AhR ligand (Dewa et al.,
2009). Then it was recently speculated by Hayashi et al.
(2012) that most CYP1A inducers have ROS-mediated
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liver tumor promoting activities in rats. Moreover, PB
was suggested to synergize with orphenadrine in liver-
tumor promoting activity resulting from oxidative stress
due to enhanced ROS production (Morita et al., 2013).
The CAR-dependent induction of CYP1A2 by PB that
we demonstrated in this study may explain the tumor-
promoting effect of PB.

5. CONCLUSION

We here present a clear proof of the CAR-dependent
induction of CYP3A2 by PB and CAR-independent
induction of CYP3A2 by CFA. Moreover, we present a
clear evidence of CAR-dependent induction of CYP1A2
by PB. For the best of our knowledge this is the first
report shows a clear evidence of the CAR-dependent
induction of CYP1A2 and CYP3A by PB.
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