Inhibitory Effect of Rifampicin on the Depressive Action of Interleukin-1
on Cytochrome P-450-Linked Monooxygenase System
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It has been shown that interleukin 1 (IL-1) depresses cytochrome P-450-linked monooxygenases. In the present study, the
effects of rifampicin on the depressive action of IL-1 on the activities and gene expression of xenobiotic metabolizing enzymes
in liver microsomes were investigated in vivo using Wistar rats. Among the monooxygenases studied, we especially focused
on the induction mechanism for CYP2D, known to be depressed by IL-1 and responsible for the oxidation of xenobiotics,
debrisoquine, bufuralol, and sparteine. The CYP2D protein and its messenger RNA (mRNA) were quantitated by Western blot
and slot blot hybridization analyses in the groups treated with and without rifampicin and IL-1. The results showed that the
depressive action of IL-1 on CYP2D was offset by additional administration of rifampicin, and the P-450 (CYP2D)-linked
monooxygenase system is up-regulated at the mRNA level by rifampicin. These results show that rifampicin has a blocking
effect on the depressive action of IL-1 on the CYP2D subfamily.
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IFAMPICIN IS an antibiotic derived fronStreptomyces as well as 7-ethoxycoumarin and benzphetamine catalyzed by
spp that is used for the treatment of tuberculosis world-other P-450 isozymes such as CYP2C11 or CYP1A1, to com-
wide. This antibiotic has a variety of effects on liver functions. pare the effects of rifampicin on the depressive action of IL-1
Rifampicin is well known as a potent inducer of xenobiotic- on the P-450—linked monooxygenase system.
metabolizing monooxygenases in the liver. In some cases, this
induction of xenobiotic-metabolizing monooxygenases causes MATERIALS AND METHODS
physiological side effects. For example, when this drug is usettpemicals
with isoniazid, drug-induced hepatitis often occurhis phe-

nomenon is thought to be evoked by the toxic metabolic prOd_Pharmaceutical Co (Tokyo, Japan), and reduced nicoteinamide adenine

U(T‘ts. from isoniazid, Wh'Ch_ are |ncreas¢d by.x.enoblotlc metab'dinucleotide phosphate (NADPH) proteinase K, glucose-6-phosphate,
olizing monooxygenases induced by rifampicin. glucose-6-phosphate dehydrogenase, benzphetamine, and 7-ethoxycou-
IL-1 is one of the cytokines released in inflammatory reac-marin were purchased from the Sigma Chemical Co (St Louis, MO).

tions. Although this cytokine induces the production of acute-Debrisoquine, 4-hydroxydebrisoquine, bufuralol, andhgtdroxybu-

phase protein in the liver such as amyloid A and haptoglobulin furalol were generous gifts from Dr H. Fukui of the Department of
it depresses P-450s responsible for metabolizing several xengharmacology, Osaka University Medical School. The Histofine
biotic compounds. We have previously shown that interleukinSAB-PO kit (peroxidase-_lab_ek_ed strep_tavidin) for Western blot analysi_s
1 (IL-1) down-regulated the P-450 (CYP2D)-linked monoox- was purchased from Nichirei Chemical Co (Tokyo, Japan). Rabbit

anti-human immunoglobulins (IgGlgA +1gM) were purchased from
ygenase system at the messenger RNA (MRNA) vl Funakoshi Chemical Co (Tokyo, Japan). All other chemicals of the

though r.ifampicin is known to be p_ot.ent inducer of Cytochrpme highest commercially available grade were purchased from Wako Pure
P-450-linked monooxygenases, it is not clear whether rifamtchemicals (Osaka, Japan) or Nacalai Chemical Co (Kyoto, Japan).
picin affects the depressive action of IL-1 on the CYP2D

subfamily. Based on these observations, we used IL-1 in comanimals and Treatments

e, iy i Wit s (v ) wiohn 10 e s

. ) . _ throughout this study. They were maintained in a 12/12-hour light/dark
CYP2D to elucidate more precisely the mechanism underlyingycje in plastic cages with free access to food and water. Sixteen
the effects of rifampicin. animals were divided into four groups.

The P-450—linked monooxygenase system in the liver com- Group 1 received 1.5 mL of 50 mmol/L HCI on days 1 through 4 and
prises multiple P-450 isozymes that are responsible for thel.5 mL saline on day 5 intraperitoneally. Group 2 received rifampicin
oxidation and biotransformation of xenobiotics. These (20 mg/rat) in 1.5 mL of 50 mmol/L HCI on days 1 through 4 and 1.5
isozymes are classified as the P-450 superfamily based on tHBk salir_me on day 5 intraperitoneally. Group 3 received rifampicin (20
sequence of the encoded génalthough much information ~ ™M9/rat) in 1.5 mL of 50 mmol/L. HCI on days 1 through 4 and IL-1 (4
has been accumulating concerning the induction effect of ri-mg) in 1.5 mL saline on day 5 intraperitoneally. Group 4 received 1.5
fampicin on P-450 isozymes in the liver through in vivo and in
vitro experiments;1t no report has appeared so far regarding
the effects of rifampicin on the depressive action of IL-1 on the From the Third Department of Internal Medicine and Department of
activities and gene expression of the CYP2D subfamily. ThereBiochemistry, Faculty of Medicine, Kagawa Medical University, Ka-
fore, we especially focused on CYP2D and assessed the effec@é‘é"jtv) ;if;c;‘;a\ oril 3, 2000; Accepted August 1, 2000
e e A gt s ek Ko, 0, P, O

i ment of Biochemistry, Faculty of Medicine, Kagawa Medical University,
as the_ Con.tents ‘?f the. C_:YPZD enzyme and !ts mRNA after1750_l’ Ikenobe, Miki-cho, Kita-gun, Kagawa 761-0793, Japan.
administration of rifampicin plus IL-1 to rats. To investigate the Copyright® 2001 by W.B. Saunders Company
effects of rifampicin on the activities of P-450, we used de- 0026-0495/01/5002-0014$35.00/0
brisoquine and bufuralol, the substrates catalyzed by CYP2D, doi:10.1053/meta.2001.20185

Rifampicin (original powder) was generously provided by Daiichi
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mL of 50 mmol/L HCl on days 1 through 4 and IL-1 (4 mg) in 1.5 mL mg/mL heat-denatured salmon sperm DNA at 60°C for 24 hours. A

saline on day 5 intraperitoneally. single washing was conducted iK4SETS buffer (0.15 mol/L NacCl,
30 mmol/L Tris-HCI [pH 7.5], 2 mmol/L sodium EDTA, and 0.1%
Preparation of Liver Microsomes [wt/vol] SDS), followed by double washing ind SETS buffer at 60°C

Twenty-four hours after the final administration (day 6), the rats for 15 minutes.

were killed by decapitation. Their livers were immediately perfused
with ice-cold 50 mmol/L potassium phosphate buffer (pH 7.4) contain-
ing 1.15% (wt/vol) potassium chloride to remove as much blood as Liver microsomes (5ug of protein per lane) were subjected to

possible. The microsomal fractions were prepared at below 4°C acSDS—polyacrylamide gel electrophoresis by the established méthod.

Western Blot Analyses

cording to the method of Mitoma et #. The proteins were then transferred electrophoretically to nitrocellulose
sheets and immunoblotted with the serum of a patient with autoimmune
Determination of Protein Contents hepatitis (type Il) containing a high titer of LKM-1 autoantibody

) ) ) (anti-CYP2D6 antibody). The serum of the patient with autoimmune
Prot_eln congentratlons were _determlned by the method of Lo_wry_ ethepatitis was a generous gift from Dr Michael P. Manns (Department
al® using bovine serum albumin as a standard. The mflar extinctionyt Gastroenterology and Hepatology, Hannover Medical School, Ger-
coefficient of bovine serum albumin of 6.68 10° (mol/L) * cm* at many). The anti-CYP2D6 antibody in this serum has already been
280 nm was uset! ) ) confirmed to react with the expressed fusion protein of cDNA in
The content of P-450 was determined spectrophotometrically fromEscherichia col?* Low-range molecular weight marker proteins were
the carbon monooxide difference spectrum of a dithionite-reducedolotained from Bio Rad Laboratory (Japan)
microsomes with a molar extinction coefficient of §110* (mol/L)*
cm~* at 450 nm minus 490 ni%. The content of cytochrome b5 was Statistical Analyses
determined from the reduced versus oxidized difference spectrum with o
a molar extinction coefficient of 18% 10° (mol/L)~* cm™* at 424 nm Mean valuest SD were calculated. Statistical analyses were per-
minus 409 nmis formed with Macintosh Stat-View 512 software. The statistical signif-

icance was determined using one-way ANOVAPAalue of<.05 was

Enzymatic Activities considered significant.

The activity of benzphetaminBl-demethylase was determined by RESULTS
measuring the formaldehyde formed according to the method of . . .
Nash?é The activity of 7-ethoxycoumarin was determined by measur- Effects of Rifampicin and IL-1 on the Spectrophotometrical
ing the formation of 7-hydroxycoumarin with a fluorescence detectioncOntents of Cytochromes P-450 and b5
system (excitation maximum, 368 nm; emission maximum, 456 nm), To investigate the effects of rifampicin on the depressive
following the method of Greenlee and PolafidThese enzymatic  action of IL-1 on xenobiotic metabolizing monooxygenases in
reactions were performed at 37°C for 5 minutes. The activities of | qr microsomes, we prepared four groups of rats treated with
debrisoquine and bufuralol monooxygenases were determined by thﬁfampicin IL-1. or both in different manners as described in

methods of Kronbach et #l and Matsuo et al® These enzymatic . . . -
reactions were performed at 37°C for 40 minutes. All enzymatic Materials and Methods. The solutions of rifampicin (20 mg/rat

activity measurements were carried out in a final volume of 1 mL of 50for 4 days) and IL-1 were administered to Wistar rats. First, we

mmol/L potassium phosphate buffer (pH 7.4) containing a substrate, Attempted to determine the effects of rifampicin on the spec-
mmol/L benzphetamine, 1 mmol/L 7-ethoxycoumarin, 0.25 mmol/L trophotometrical contents of cytochromes P-450 and b5 (Table
debrisoquine or 0.25 mmol/L bufuralol, an NADPH-regenerating sys-1). The contents of cytochromes P-450 and b5 were compared
tem (5 mmol/L glucose 6-phosphate, 0.5 IU glucose 6-phosphatdbetween the group treated with rifampicin plus IL-1 (group 3)
dehydrogenase, 4 mmol/L MgCland 0.2 mmol/L NADPH), and 1 mg  and that treated with IL-1 alone (group 4). The results showed
microsomal protein. that contents of both cytochromes P-450 and b5 in the group
) o treated with rifampicin plus IL-1 were higher than those in the
Isolation of RNA and Slot Blot Hybridization group treated with IL-1 alone. However, the difference between
Liver tissue (approximately 500 mg) was incubated in a solutionthese two groups was remarkable only in the case of P-450, not
comprising 4 mol/L guanidine thiocyanate, 25 mmol/L sodium citrate, b5 because the content of b5 was not reduced by the admin-

0.1 mol/L 2-mercaptoethanol, and 0.5% (wt/vol) sarcosyl for 10 hoursjstration of IL-1 compared with that in the untreated group. In
at 37°C. Total RNA was then extracted from the livers by the method

of Chomczynski and Saccki.Purified RNA was dissolved in }O.

Absorbance at 260 nm (OD260) and 280 nm (OD280) was determined

on 50uL of RNA solution using Beckman DU-64 Spectrophotometer. Table 1. Effects of Rifampicin and IL-1 on the Spectrophotometrical
The purity of RNA was estimated from the ratio of OD260 and Contents of Cytochromes P-450 and b5

0OD280s. The RNAs of which the value of OD260/0D280 is greater
than 1.5 were chosen for the further analysis. Five micrograms of RNA
was subjected to slot blot hybridization analysis. Bovine CYP2D com-
plementary DNA (cDNA), cloned and sequenced in this laboratory,
was used as a proBé.This cDNA clone was found to possess an  NOTE. The contents of P-450 and b5 were spectrophotometrically
approximately 70% homologous sequence compared with that of ratietermined on the liver microsomes from untreated rats (group 1)
CYP2D cDNA. The labeling of CYP2D cDNA witf?P-deoxyaden and rats treated with rifampicin alone (group 2), rifampicin plus IL-1
osine triphosphate (dATP) was carried out using the nick translationigroup 3), and IL-1 alone (group 4). Statistical significance was calcu-
method?2 Hybridization was conducted ind SETS buffer (0.6 mol/L  lated by one-way ANOVA.

NaCl, 120 mmol/L Tris-HCI [pH 7.5], 8 mmol/L EDTA, 18 Den- *P < .05 vgroup 1.

hardt, and 0.1% [wt/vol] sodium dodecyl sulfate [SDS]) containing 50 1P < .05 v group 4.

Group 1 Group 2 Group 3 Group 4

P-450 0.81 +0.065 1.04 + 0.034* 0.85 = 0.074t 0.49 = 0.12*
b5 0.40 + 0.015 0.49 = 0.031* 0.45 +0.012 0.40 = 0.013
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addition, contents of both cytochromes P-450 and b5 werebserved between these two groups. By contrast, in the cases of
significantly increased by the repeated administration of rifam-7-ethoxycoumariD-deethylase and benzphetamielemeth-
picin alone. These contents were elevated to approximately 1.glase, no significant changes in the specific activities were

times those in liver microsomes from untreated rats. detected between these groups.
Effects of Rifampicin on the Activities of Xenobiotic Effects of Rifampicin and IL-1 on Levels of CYP2D mRNA
Metabolizing Monooxygenases and Protein

Subsequently, the effects of rifampicin and IL-1 were inves- Based on the results for the enzymatic activities, we per-
tigated on the activities of several xenobiotic-metabolizingformed quantitative analyses of the CYP2D enzyme and its
monooxygenases responsible for the detoxification of debrisomRNA as the next step to elucidate further the mechanism of
quine, bufuralol, benzphetamine, and 7-ethoxycoumarin. Reinduction of xenobiotic-metabolizing monooxygenases by ri-
peated administration of rifampicin caused increases in thdampicin (Fig 2) CYP2D mRNA was clearly elevated by the
activities of all of the xenobiotic-metabolizing enzymes exam-treatment with rifampicin. The induction rates of CYP2D
ined in this study (Fig 1). The induction rates were 30% to 40%mRNA and protein paralleled each other by densitomerical
higher than those in the untreated group. As shown on analyseanalyses (data not shown). Furthermore, the level of CYP2D
of the cytochrome P-450 and b5 contents, the differences in thenRNA in the group treated with rifampicin plus IL-1 was equal
enzymatic activities between the group treated with rifampicinto that in the group treated with rifampicin alone. In addition,
plus IL-1 and that treated with IL-1 alone were also examined.the level of CYP2D mRNA in the group treated with rifampicin
Especially in the cases of debrisoquine and bufuralol monooxplus IL-1 was substantially higher than that in the group treated
ygenases, significant changes in the specific activities weravith IL-1 alone. These results were consistent with results for
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Fig 1. Effects of rifampicin on the activities of debrisoquine monooxygenase (DB), bufuralol monooxygenase (BF), 7-ethoxycoumarin
N-demethylase (EC), and benzphetamine N-demethylase (BP) in rat liver microsomes. These enzymatic activities are expressed as percentages
of the mean values in the untreated group (group 1). Each value represents the mean =+ SD for four rats. * Significantly different from those in
the untreated group (group 1); P < .05. # Significantly different from those in the group treated with IL-1 alone (group 4); P < .05. The mean
values of the activities of debrisoquine monooxygenase, bufuralol monooxygenase, 7-ethoxycoumarin O-deethylase, and benzphetamine
N-demethylase obtained for the untreated group (group 1) were 0.33 = 0.04, 0.58 + 0.029, 3.06 + 0.28, and 3.51 = 0.38 nmol/min/mg microsomal
protein (pH 7.4 and 37°C), respectively.
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H ini of IL-1 on CYP2D. To our knowledge, this report is the first
UntreatEd RIfamPlc'“ description of the induction effect and inhibition of the depres-
treated sive action of IL-1 on the CYP2D subfamily by rifampicin.
It is crucial to show whether the inhibitory effects of rifam-
b d picin on the action of IL-1 on the CYP2D subfamily are
a c regulated by translational or posttranslational events. In the
e * present study, the quantity of total MRNA corresponding to the
_— — ”: - CYP2D gene was assessed, and the induction effects of rifam-
- picin on several enzymatic activities and expression of the
-‘ S ———— CYP2D gene were maintained even in the group treated with
. rifampicin plus IL-1. In addition, some investigators reported
f h that the principal mechanism by which IL-1 reduces the levels
e g of cytochrome P-450 mRNA is suppression of transcriptional

activation3s Therefore, our finding that the depressive effect of

RifampiCin'l'l L'1 "."1 treated IL-1 on the gene expression of CYP2D was offset by rifampi-

cin may be taken as indirect evidence that rifampicin up-

treatEd regulates, and transcriptional regulation might be closely re-
lated with this induction effect.
Fig 2. Slot blot analysis of CYP2D mRNA of liver from rifampicin— To perform quantitative analysis of the CYP2D protein of

and/or IL-1-treated rats. Duplicate RNA samples from individual liv- l . d taini the LKM-1 t
ers are shown. Total liver RNA (5 pg) was bound to a nylon filter and IVer microsomes, we used serum containing the -1 auto-

then hybridized with the CYP2D cDNA, as described in Materials and  antibody obtained from a patient with autoimmune hepatitis
Methods. Lanes a and b, RNA from group 1; lanes ¢ and d, RNA from (type ). This antibody was shown to react with a 52-kd protein
group 2; lanes e and f, RNA from group 3; lanes g and h, RNA from  present in rat liver and kidnedf:37 It has already been shown
group 4. that the LKM-1 antibody specifically recognizes CYP2D1 and

CYP2D2 of rat liver microsomes and CYP2D6 of human liver

microsomeg$4.38-42 Therefore, the protein bands stained on
the spectrophotometrical content of P-450 and enzymatic acwestern blot analysis in this experiment should be CYP2D1
tivities. and/or CYP2D2 of rat liver microsomes.

The final question that should be raised is whether the In conclusion, we have shown that rifampicin induces
induction effect of rifampicin on CYP2D can be observed at theCYP2D, and the induction of CYP2D is up-regulated at the
protein level. We performed quantitative Western blot analysismRNA level by rifampicin and overcomes the suppression of
of the CYP2D enzyme using the anti-CYP2D antibody (Fig 3). CYP2D mRNA expression by IL-1.

The stained protein bands indicated a molecular weight of 52

kd, corresponding to that of the CYP2D enzyme in rat liver ACKNOWLEDGMENT

microsomes. Enhancement of the content of the CYP2D en- The authors thank Dr Michael P. Manns for providing the serum of
zyme was also observed in the samples from the rats treategh autoimmune hepatitis patient containing the LKM-1 autoantibody,

with rifampicin alone. Dr H. Fukui for the gift of debrisoquine and byfuralol, and Dr Jay A.
Berzofsky, National Institutes of Health, for critically reading the
DISCUSSION manuscript.

Many lines of evidence have demonstrated that cytokines
related to inflammation such as IL-1, IL-6, and tumor ne-

crosis factor have depressive effects on the cytochrome Unireated Rifampicin
P-450—linked monooxygenase systéft:3°We also previ- treated
ously showed that IL-1 had a depressive effect on the

CYP2D subfamily, and this depressive effect was evoked a 1 2 3 4
the mRNA leveP IL-1 is likely to act on the xenobiotic- ;
metabolizing monooxygenases more rapidly than other cy- #
tokines do. In a previous study, we observed the depressiv ;
effect of IL-1 on the P-450-linked monooxygenase system .
24 hours after injection of IL-1. Therefore, we administered 52KDa —» ' ..« w ww «— CYP2D
IL-1 to rats 24 hours before they were killed.

Rifampicin has induction effects on the components in cy-
tochrome P-450-linked monooxygenase system through it
vitro4.8.10.11.31.373nd in vive6.9:33.34studies. In these reports,
the induction effect of rifampicin was detected in CYP3A and Fig 3. Western immunoblot analysis of CYP2D of rat liver micro-
CYP1A subfamilies. In this study, we examined the effects ofsemes. The liver microsomal proteins (5 ng) were subjected to SDS-
fifampicin on the CYP2D Subfamil. In adion (0 e NG e ne v evam avats Ths i ntoest s o
that CYP2D was induced by administration of rifampicin alone, the stained protein band is indicated as 52 kd. Lanes 1 and 2, group
addition of injection of rifampicin offset the depressive action 1; lanes 3 and 4, group 2.
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