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Living organisms eliminate foreign low-antigenic substances, such as drugs and environmental pollutants, by detox-
ification mediated by metabolizing cytochrome P450 (CYP). We have examined the possible regulation of CYP expres-
sion by enteric bacteria. Cyp mRNA expression levels, Cyp3a protein expression level, and the activity of Cyp3a in
hepatic microsomal fractions were compared in germ-free (GF) and specific pathogen-free (SPF) mice. We evaluated
hepatic Cyp3all mRNA expression levels and Cyp3a metabolic activity in GF and SPF mice after five days of antibiotic
administration. The fecal levels of lithocholic acid (LCA)-producing bacteria and hepatic taurolithocholic acid
(TLCA) were also measured. Cyp mRNA expression levels, Cyp3a protein expression level, and the activity of Cyp3a in
SPF mice were higher than those in GF mice, indicating that enteric bacteria increases hepatic Cyp3a expression. The
effects of enteric bacteria-reducing antibiotics on Cyp3a expression were examined. We observed that decreasing enteric
bacteria with antibiotics in SPF mice caused a significant decrease in the hepatic Cyp3all mRNA expression, TLCA,
and fecal LCA-producing bacteria compared to the group that did not receive antibiotics. No change in Cyp3all expres-
sion was observed in GF mice that were treated with antibiotics. Administration of LCA to GF mice showed an increase
in Cyp3all expression similar to that of SPF mice. The enzymes of the enteric bacteria are believed to metabolize and
detoxify drugs by either reduction or hydrolysis. The results of this study indicate that changes in enteric bacteria may
alter the expression and activity of hepatic drug metabolizing enzymes and pharmacokinetics. Therefore, enteric bacteria
should be closely monitored to ensure the safe use of drugs.
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Cyp mRNA Expression Level in the Livers of GF and SPF Mice

RNA was extracted from the livers of GF (open columns: () and SPF (closed columns: l) mice, and the mRNA expression of the isozymes belonging to the
Cypl, 2, and 3 subfamilies was measured by PCR. Expression of each gene was corrected against 18S rRNA and compared in relation to the mean value in GF mice
(100%) . Means+S.D., n=5, *: p<0.05, **: p<0.01. Student’s t-test. (modified from Ref. 5)
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Cyp3a mRNA Expression Level in the Small Intestines of GF and SPF Mice

RNA was extracted from the small intestines of GF (open columns: [1) and SPF (closed columns: l) mice, and the mRNA expression of the isozymes belong-
ing to the Cyp3a subfamily was measured by PCR. The expression of each gene was corrected against 18S rRNA and was compared in relation to the mean value of

GF mice (100%). Means=*S.D., n=5. (modified from Ref. 5)
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Fig. 3. Expression of Cyp3a Protein Level in the Livers of GF
and SPF Mice
After extracting the microsome fraction from the livers of GF (open
column: ) and SPF (closed column: M) mice, Cyp3a protein expression
level was measured by western blotting. The total concentrations of the two
bands were compared in relation to the mean value in GF mice (100%).
Means+S.D., n=3, *: p<0.05. Student’s t-test. (modified from Ref. 5)
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Fig. 4. Metabolic Activity of Triazolam in the Livers of GF and SPF Mice

The microsome fraction was extracted from the livers of GF (open columns: [J) and SPF (closed columns: M) mice in order to measure the a-hydroxylation

(a-OH) and 4-hydroxylation (4-OH) activities of triazolam. Means+S.D., n=3, *: p<0.05. **: p<{0.01. Student’s t-test. (modified from Ref. 5)
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Expression Regulation Mechanism of Various CYP Isozyme
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Fig. 6. Nuclear Receptor mRNA Expression Levels in the
Livers of GF and SPF Mice

RNA was extracted from the livers of GF (open columns: (1) and SPF
(closed columns: M) mice, and the mRNA expression of nuclear receptor
was measured by PCR. The expression of each gene was corrected against
18S rRNA and was compared in relation to the mean value of GF mice (100
%). Means+S.D., n=5, *: p<0.05, **: p<0.01 and ***: p<0.001.
Student’s #-test. (modified from Ref. 5)
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Fig. 7. Effects of LCA Administration to GF Mice on the Ex-
pression Level of Cyp3all in the Liver

GF mice treated with LCA (0.01% or 0.05%) for 4 days. After the ad-
ministration, RNA was extracted from the liver, and the mRNA expression
of Cyp3all was measured by PCR. Expression of Cyp3all was corrected
against 18S rRNA and compared in relation to the mean value for GF control
(100%). Means+S.D., n=3, *: p<0.05, **: p<0.01 vs. GF control by
Student’s #-test. (modified from Ref. 3)
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Fig. 8. Detoxification Pathway of LCA in the Mouse Liver

Ntcp: Na*/ taurocholate cotransporting polypeptide, Oatp: organic an-
ion-transporting polypeptide, Octl: organic cation transporter 1, Mrp: mul-
tidrug resistance associated protein, BACS: bile acid-CoA synthetase,
BACAT: Bile acid-CoA:amino acid N-acyltransferase, Bsep: bile salt export
pump, Mdr2: multidrug resistance protein 2, Berp: breast cancer resistance
protein, Sultldl: Sulfotransferase family 1D, member 1, PAPSs2: 3’-
phosphoadenosine 5'-phosphosulfate synthase 2.
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mRNA Expression of PXR Target Gene in the Livers of GF and SPF Mice

RNA was extracted from the livers of GF (open columns: [1) and SPF (closed columns: M) mice, and the mRNA expression of PXR target genes was meas-
ured by PCR. The expression of each gene was corrected against 18S rRNA and was compared in relation to the mean value of GF mice (100%) . Means+S.D., n=
5, *: p<0.05, **: p<0.01, and ***: p<{0.001. Student’s ¢-test. (modified from Ref. 5)
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Fig. 10. Effects of CPX Administration on the Expression
Level of Cyp3all in the Liver

GF and SPF mice were provided with ad libitum access to normal diet
(closed columns: M) or normal diet containing CPX (200 mg/kg) (open
columns: [J) for 5 days. After the administration, RNA was extracted from
the livers, and the mRNA expression of Cyp3all was measured by PCR. Ex-
pression of Cyp3all was corrected against 18S rRNA and compared in rela-
tion to the mean value in control mice (100%). Means+S.D., n=3-5, **: p
<0.01 by Student’s t-test. (modified from Ref. 5)
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Fig. 11. Effects of CPX Administration on Triazolam Metabolic Activity in the Liver

GF and SPF mice were provided with ad libitum access to normal diet (closed columns: M) or normal diet containing CPX (200 mg/kg) (open columns: )
for 5 days. After the administration, the microsome fraction was extracted from the livers, and the a-hydroxylation («-OH) and 4-hydroxylation (4-OH) activities
of triazolam were measured by HPLC. Means+S.D., n=3, *: p<0.05; **: p<0.01 by Student’s #-test. (modified from Ref. 3)
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Fig. 12. Effects of CPX Administration on the Bacterial Content in the Feces and the TLCA Content in the Liver

A: The feces from the SPF mice treated with daily doses of CPX (200 mg/kg) for 5 days were analyzed for the bacterial DNA by real-time PCR, and compared
with control (100%) . B: The TLCA content in the livers from SPF mice treated with daily doses of CPX (200 mg/kg) for 5 days was analyzed by HPLC and com-
pared with control. Means+S.D., n=5, *: p<0.05, **: p<0.01 by Student’s ¢-test. (modified from Ref. 3)
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Fig. 13. Effects of Antibiotics Administration on the Expression of Cyp3all in the Liver and the Bacterial Content in the Feces

SPF mice were provided with ad libitum access to normal diet (closed columns: ) or normal diet containing CPX (200 mg/kg), ABPC (100 mg/kg), LVX
(200 mg/kg), or VCM +IPM (50 mg/kg each) (open columns: [J) for 5 days. A: RNA was extracted from the livers, and the mRNA expression of Cyp3all was
measured by PCR. Expression of Cyp3all was corrected against 18S rRNA and compared in relation to the mean value in control mice (100%) . B: The feces from
the SPF mice treated with daily doses of antibiotics for 5 days were analyzed for the bacterial DNA by real-time PCR, and compared with control (100%) . Means +
S.D., n=5, *: p<0.05, **: p<0.01 by Student’s ¢-test. (modified from Ref. 4)
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