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Abstract—Hepatic and microsomal parameters, metabolism of cytochrome P-450-dependent substrates
and spectral properties of cytochrome P-450 have been used in mice in order to classify rifampicin as
an inducer by comparing it to phenobarbitone and 3-methylcholanthrene. Rifampicin significantly
enhanced relative liver weight, cytochrome P-450 content, microsomal protein, weight of the 100,000
g pellet and shortened the zoxazolamine paralysis time. Compared on the basis of microsomal protein,
of five substrate reactions only the ethylmorphine demethylation was enhanced; ethoxycoumarin de-
ethylation and biphenyl 1-2-hydroxylation were unaltered; ethoxyresorufin de-ethylation and biphenyl-
4-hydroxylation were decreased. The CO~cytochrome P-450 absorption maximum showed a blue shift
of about 0.5 nm after only 1 day of rifampicin pretreatment, while there was no significant blue shift
after 1 day of 3-methylcholanthrene pretreatment. Rifampicin has been shown to be an inducer in
NMRI mice. Although resembling phenobarbitone it seems, however, to be a similarly atypical inducer
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as it is in man.

Rifampicin, called rifampin in the U.S.A. [1], has
attracted the attention of clinical pharmacologists
because of a series of clinical drug interactions which
is listed in Table 1.

Not only does rifampicin, when given for a week
or longer, shorten its own plasma half life and
decrease its serum levels [12, 13, 14, 13, 18], but
rifampicin serum levels seemed to be decreased also
by phenobarbitone pretreatment [17]. Under the
reasonable assumption that rifampicin is an enzyme
inducer in man, its effects on substances which are
known to be substrates of the microsomal
drug oxidizing system have been investigated and
conflicting data have been reported. Antipyrin
metabolism was found to be increased [16, 18] and
unchanged [11]. p-Glucaric acid excretion in urine,
which is a somewhat controversial sign of enzyme
induction, equally was found to be elevated [6, 11]
as well as unchanged [19]. Morphologically a “salt
and pepper’-like augmentation of smooth endo-
plasmic reticulum in human liver cells after 2 days
of rifampicin treatment has been described [20]. In
vitro, cytochrome P-450 levels were found to be

doubled in liver homogenates and liver microsomes,
respectively [21, 22].

With respect to animals, findings are less uniform.
Induction of cytochrome P-450 in guinea pigs has
been tried unsuccessfully [23], although diffuse aug-
mentation of smooth endoplasmic reticulum, similar
to that after induction by phenobarbitone, is known
[20]. Rars were not inducible [21, 23, 24]. In mice,
an increase of cytochrome P-450 was found; con-
sequently, a number of cytochrome P-450 dependent
oxidation reactions exhibited increased activities
[23, 24]. An inbred strain of mice developed hepa-
tomas with a higher incidence on long term rif-
ampicin treatment, whereas rats remained unaf-
fected [25]. In hens, impairment of egg production
was reported [26].

Thus, there is little doubt that rifampicin induces
the foreign compound metabolizing system in man
in spite of the fact that the main metabolic route of
rifampicin itself seems to be desacetylation [27, 28].
The data on animals confirm the assessment of rif-
ampicin as an inducer with uncommon features:
Inducibility as well as induced metabolic pathways

Table 1. Clinical interactions of rifampicin with other drugs

Drug concerned Year Literature Result of interaction
Anticoagulants 1970 [21 Higher acenocoumarol doses necessary
1974 [31 Severe impairment of blood coagulation
after discontinuation of rifampicin
Oral contraceptives 1971 [4] Menstruation disorders
1973 {s} Pregnancies
1977 [37] Shortened serum half life of ethinyloestradiol
Corticosteroids 1974 [6] Failure of common corticoid doses in
tuberculosis with Addison’s disease
Digitoxin 1974 71 Lowered plasma levels of digitoxin
Tolbutamide 1974 [8] Shortened serum half life of tolbutamide
1975 {91 Shortened serum half life of tolbutamide
Methadone 1976 {10} Withdrawal symptoms )
Hexobarbitone 1975 19 Shortened serum half life of hexobarbitone
1977 [11] Shortened serum half life of hexobarbitone
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are largely different between species; in spite of
increased liver weight microsomal protein content
was found to be unchanged [24]; in spite of non-
inducibility of guinea pigs their endoplasmic reticu-
lum is augmented.

Therefore we tried to classify rifampicin as an
inducer by comparing it to the well known inducers
phenobarbitone and 3-methylcholanthrene in the
mouse. Efforts were made in three directions: first,
further completion of the list of investigated sub-
strates of the microsomal mixed function oxygenase:
secondly, exploration of changes in microsomal pro-
tein; and thirdly, characterization of the kind of
induced cytochrome P-450.

METHODS

Maintenance and treatment of animals. Male
NMRI mice (Zentralinstitut fiir Versuchstiere, Han-
nover, 25~-35 g) were used because their relatively
low initial liver microsomal cytochrome P-450 con-
tent would make probable inductive effects more
prominent. Each trial was carried out using six
treated animals and six controls. Groups were
housed separately in plastic cages with sawdust bed-
ding. Darkness was timed from 18 hr to 6 hr; the
mice were fed the conventional pellet diet. Tap water
was allowed ad lib. Rifampicin (4 mg/ml 1%
methyicellulose) was given orally, 40 mg/kg at 9 hr
and 40 mg/kg at 18 hr. Phenobarbitone (5 mg/ml
water) was given i.p., 50 mg/kg at 9 hr and 50 mg/kg
at 18 hr. 3-Methylcholanthrene (3 mg/ml peanut oil)
was given i.p., 30 mg/kg once a day at 9 hr. Controls
received 1% methylcellulose orally at 9 hr and 18 hr.
All volumes were 0.1 mi per 10 g body weight. Food
was removed at 19 br in the evening before the day
of experiment.

Sleeping time experiments. Experiments were
started at 9 hr, the distance between the last dose
of rifampicin and the application of hexobarbi-
tone/zoxazolamine being 15hr. Animals received
100 mg hexobarbitone/kg (0.1 ml per 10g body
weight of a solution of 10 mg hexobarbitone/ml) or
200 mgzoxazolamine/kg, respectively (0.2 miper10 g
body weight; 10 mg zoxazolamine/ml were sus-
pended by ultrasonication, Tween 80 and permanent
stirring). The time between loss and reappearance
of righting reflexes was recorded. The same group
of animals was used repeatedly for hexobarbitone
experiments (pretreatment for 1 day, 3 days and 10
days) and another group for zoxazolamine experi-
ments (pretreatment for 1 day, 3 days and 10 days).

Preparation. Experiments were started at 8.30 hr,
the distance between the last dose of inducer and
killing of animals being 14.5 hr for rifampicin and
phenobarbitone and 23.5hr for 3-methylcholan-
threne. Animals were killed by cervical dislocation.
Livers were immediately perfused in situ with ice
cold 1.15% KCl (38.4 ml/hr for 2 min). in order to
obtain rapid cooling, less evaporation. equal fluid
filling and less haemoglobin content. They were then
removed and immediately weighed on aluminium
foil. After the 100,000 g supernatant was discarded
tubes were kept on blotting paper in an inverse
position for 20-30 sec, returned to the ice bath and
wiped off before weighing. Pellets were equally
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resuspended in a Sml volume of pH 7.4 buffer,
containing 20 mM Tris and 0.25 M saccharose.
Chemicals. Rifampicin was kindly donated by
Chemie Griinenthal, Stolberg. Zoxazolamine was
purchased from Aldrich-Europe, Beerse. Belgium.
Hexobarbitone (Evipan®) was purchased from
Bayer, Leverkusen. Ethoxycoumarin was syn-
thesized in this laboratory (W. Legrum) according
to Ullrich and Weber [21] from 7-hydroxycoumarin
purchased from Janssen, Disseldorf. Biphenyl and
3-methylcholanthrene were purchased from Serva
Feinbiochemica, Heidelberg. Ethoxyresorufin was
a generous gift of Dr. D. Burke, University of
Surrey, who synthesized the material according to
Burke and Mayer [31]. Phenobarbitone and ethyl-
morphine were purchased from Merck, Darmstadt.
Assays. Cytochrome P-450 was measured accord-
ing to Omura and Sato [29], using an Aminco DW-
2 spectrophotometer. The exact position of the max-
imal absorption peak was determined graphically on
the original recordings, the spectra being recorded
from 400 to 500 nm. Rifampicin (0.05 mM) added
to microsomes of untreated mice in the sample as
well as in the reference cuvette did not interfere with
the assay. Ethoxycoumarin-de-ethylation was meas-
ured according to Aitio [30]. Ethoxyresorufin-de-
ethylation was measured according to Burke and
Mayer [31] (60 ul microsomal suspension; 0.06—
0.4 mg protein/ml in the cuvette; readings of increas-
ing fluorescence were followed during 3 or 6 min
respectively at 37° in a Perkin-Elmer 204-A spectro-
fluorometer, 560/590 nm excitation/emission wave-
lengths). Biphenyl 4- and 2-hydroxylation were
measured according to Creaven et «l. [32]. Fluor-
escence intensity was determined at 290/415 and
275/338 nm  excitation/emission wavelengths and
hydroxybiphenyl concentrations calculated by a
programmable desk calculator. Ethylmorphine de-
methylation was measured by a modified method
according to Mazel [33]. The homogenate was pre-
pared in 20 mM Tris buffer pH 7.4. One millilitre
of diluted microsomal suspension. equivalent to 1/50
of the individual liver, was incubated witha NADPH
regenerating system of glucose-6-phosphate. glu-
cose-6-phosphate-dehydrogenase and  NADP,
MgClz (5 pmol per sample), 0.1 M phosphate buffer
pH 7.4 and 0.1 ml 1 mM ethylmorphine (without
nicotinamide) for 10min and 37°. Reaction was
stopped by adding TCA. Colour was assayed after
mixing a 1 ml aliquot with 1 ml Nash reagent.
Statistical evaluations. Where no special mention
is made, statistical evaluation was achieved by the
usual t-tests. In peak shift experiments (see Results
section) an additional two factor analysis of variance
was used. Factor I was “treatment™ (rifampicin—
methylcellulose), factor 11 was “time” (date of
experiment, 10.5.78-30.5.78-28.9.78). Calculations
were performed according to Bruning and Kintz [3§].

RESULTS

“Sleeping time” experiments
Duration of anesthesia after 100 mg hexobarbi-

tone/kg and of paralysis after 200 mg zoxazolam-
ine/kg following different pretreatment periods with
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Fig. 1. Average duration of hexobarbitone anesthesia and
zoxazolamine paralysis in mice treated with 2 X 40 mg rif-
ampicin/kg/day for 1, 3 and 10 days. Values are expressed
as per cent of the control mean of the same day. Bars
indicate standard deviations calculated in the same way.
Standard deviations of controls are not given, because two
of them would have to be drawn on each time point. one
for hexobarbitone and one for zoxazolamine controls.
Group size ranged from 5 (zoxazolamine, 10 days) to 13
(hexobarbitone, 1 and 3 days). *** Indicates statistical
significance of difference between average sleeping times
of control and treated animals in minutes, P < 0.01.

2 x 40 mg rifampicin/kg/day are shown in Fig. L.
Absolute average sleeping times ranged from
14.9 min in pretreated animals to 113.9 min in con-
trols. As can be seen, only zoxazolamine paralysis
times after 3 and 10 days of rifampicin pretreatment
are significantly shortened while those for hexobar-
bitone are not significantly different due to their
large variance. This outcome would suggest a poly-
cyclic hydrocarbon type of induction rather than a
phenobarbitone type [34].

Hepatic and microsomal parameters

Animals were pretreated 1,3 and 10 days with
phenobarbitone (2 x 50 mg/kg/day i.p.) and rif-
ampicin (2 X 40 mg/kg/day p.o.), and 1 and 3 days
with 3-methylcholanthrene (30 mg/kg/day i.p.).
Relative liver weight (liver weight in per cent of
body weight), cytochrome P-450 (nmol per mg
microsomal protein), microsomal protein (mg per
g liver), relative pellet weight (weight of pellet after
100,000 g centrifugation in per cent of liver weight),
and protein content of pellet (per cent of pellet
weight) were estimated. The results are shown in
Fig. 2. The increase in relative liver weight is similar
to that under phenobarbitone pretreatment,
although less marked. Cytochrome P-450 also
increased in a manner similar to that after pheno-
barbitone pretreatment, but the increase was less
steep and seemed to persist, when the phenobarbi-
tone effect already decreased. The increase of micro-
somal protein under rifampicin again was similar to
that under phenobarbitone, but distinctly higher.
The course of the relative pellet weight scemed
interesting to us. It differed from the phenobarbitone
course as well as from the 3-methylcholanthrene one
with a sharp decrease after day 1 and a sharpincrease
after day 3. The curve for the protein content of the
pellets is the resultant of the preceding plots and
marks the striking role of rifampicin.

Substrate metabolism
Liver microsomes of the animals treated as
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described above were incubated with ethoxycou-
marin, ethoxyresorufin, biphenyl and ethylmorphine
as substrates and the emerging metabolites hydroxy-
coumarin, resorufin (7-hydroxyphenoxazone), 4-
hydroxybiphenyl, 2-hydroxybipheny! and formalde-
hyde, respectively, were measured. The bulk of data
is shown in Fig. 3. As can be seen, rifampicin plays
an individual role among the common inducers: it
behaves differently from phenobarbitone and 3-
methylcholanthrene in respect to induction of eth-
oxycoumarin-de-ethylation and biphenyl-hydroxyla-
tion in that metabolism of these two substrates
remains unaltered or is depressed; but it resembles
phenobarbitone in decreasing ethoxyresorufin de-

ethylation  and  increasing  ethylmorphine-
demethylation.
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Fig. 2. Liver and microsomal parameters of mice treated
1, 3 and 10 days with phenobarbitone (2 x 50 mg/kg/day
i.p., - — ~ -), rifampicin (2 x 40 mg/kg/day p.o.. IR
or 3-methylcholanthrene (30 mg/kg/day i.p., — — —),
respectively. Values are expressed as increase or decrease
in per cent of the control mean. Bars indicate standard
deviations. Cytochrome P-450 had been calculated in
nmol/mg microsomal protein; microsomal protein had been
calculated in mg/g liver. Pellet weight had been calculated
as per cent of liver weight; protein content of pellet had
been calculated as per cent of pellet weight. Statistical
significances refer to differences from control means.
* P<0.05 **P<0.02; *** P<0.0l; **** P<0.00].
Average of all absolute control means: ~ 5.4% liver weight
of body weight; ~ 0.6 nmol cytochrome P-450 per mg liver;
~ 19 mg protein per g liver; ~ 18 per cent pellet weight
of liver weight.
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Fig. 3. Metabolism of substrates by liver microsomes of
mice treated 1. 3 and 10 days with phenobarbitone
(2 x 50 mg/kg/day 1.p.), rifampicin (2 x 40 mg/kg/day
p.0.), or 3-methylcholanthrene (30 mg/kg/day i.p.), respec-
tively. Fluorescence readings have been calculated per mg
microsomal protein and expressed as increase or decrease
in per cent of the control mean. Bars indicate standard
deviation. * Indicates statistical significance of difference
from control mean. * P < 0.05; ** P < 0.02; *** P < 0.01;
*rxx P < 0.001. Average of all absolute control means:
~ 0.5 nmol 2-OH-biphenyl per mg protein in 10 min; ~
1.6 nmol 4-OH-biphenyl per mg protein in 10 min; ~ 4,
5 pg coumarine per mg protein in 10 min: ~ 20 ng resorufin
per mg protein in 2min (3rd minus [st min); ~ 0.5 pg
formaldehyde per mg protein in 10 min. Variance of control
substrate metabolism was considerably high. but only con-
trols of the same day were used.

Like Pessayre and Mazel [24] for ethylmorphine,
we found an inhibition of ethoxyresorufin metab-
olism after addition of 0.05-0.6 M rifampicin in vitro.
Concentrations of this order of magnitude may be
reached in our experiments in vivo (as a mouse of
30 g would receive 2.4 mg rifampicin, which, equally
distributed in a 20 ml compartment, without excre-
tion, would cause a (.15 mM concentration).

Shift of cytochrome P-450 absorption peak

It was not possible to elicit a rifampicin—cyto-
chrome P-450 binding spectrum. On the other hand,
the maximum absorption peak of CO-cytochrome
P-450 was shifted to shorter wavelengths after all
rifampicin pretreatment periods. The shift was sig-
nificant at least at the 2 per cent level (Table 2). It

0 complex absorption peak after different “inducers”

5

Table 2. Shift of CO—-cytochrome P-4
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cnee
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Control

ance
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Treated

Control

Phenobarbitone

450.30 = 0.11

n.s

+0.20

450.37 = 0.14  450.57 = 0.21

n.s.

-0.14

N

ol

0.

-0.22
—0.05

450.13 £ (.28 449.91 = 0.32

449.97 = 0.31

n.s.

449.92 + (.23

Rifampicin

450.37 £ 0.12 449.72 £0.33

< 0.01

-0.38

450.40 = 0.09  450.02 = 0.22

< 0.01

—0.65

< (.02

-0.45
—0.65
-0.41

450.45 £ 0.23 449.97 = 0.28
450.32 = 0.15 449.67 = 0.08

450.28 = 0.07 449.87 = 0.23

< (0.001
< (.01

3-Methylcholanthrene

450.38 £ 0.12  450.07 £0.27

< 0.05

-0.31

n.s.

+0.05

450.33 £ 0.15 450.38 = .17
449.97 = 0.41 450.08 = 0.21

n.s.

+0.11

Mean wavelengths of absorption maxima of each trial are given in nm * S.D. Each trial consisted of 6 treated and 6 control animals.
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already showed a considerable magnitude after 1 day
of pretreatment (all 1-day-rifampicin experiments
proved to be significant as well). As far as we know
a similarly marked “peak shifting” after 1 day has
not yet been described for any of the inducing agents.
The difference found is only 2-3 times as large as
the tolerance of the recording equipment. Therefore
we tried to rule out a possible variance which might
be generated by the different dates of the experi-
ments. All data obtained after 1 day rifampicin pre-
treatment were combined and subjected to a two
factor analysis of variance, the first factor being
“treatment” and the second factor being “time” (date
of investigation). The factor “treatment” retained
its high significance (P < 0.001).

Our results on the NMRI mice did not show the
anticipated peak shift after 3-methylcholanthrene.
One day pretreatment caused no significant shift and
3 days pretreatment caused only a small blue shift
(Table 2). This finding is obviously due to some kind
of non-responsiveness of our NMRI mouse strain:
Comparative pretreatment of male C57 B1/6 mice
with the same dose of 3-methylcholanthrene for 3
days resulted in a highly significant 1.1 nm blue shift.
Interestingly, although our NMRI mice did not
respond to 3-methylcholanthrene in the expected
amount as far as the peak shift is concerned. the
metabolism of ethoxycoumarin, ethoxyresorufin and
biphenyl was markedly enhanced (Fig. 3).

DISCUSSION

As discussed in the introduction of this paper, the
uncommon broadness of its clinical interactions and
the species specificity of its inductive properties ren-
der rifampicin a rather atypical inducer. Therefore,
our objective was to classify rifampicin by comparing
it to phenobarbitone and 3-methylcholanthrene. The
outcome is that it plays an atypical role even if
consideration is restricted to mice. Although such
classic parameters as relative liver weight, cyto-
chrome P-450 content and microsomal protein
increased, only one of the offered substrates was
metabolized faster (ethylmorphine). Amount and
time course of relative liver weight, cytochrome P-
450 content and microsomal protein after rifampicin
induction resemble those after phenobarbitone, but
in the metabolic field, similarity to phenobarbitone
is restricted to ethylmorpine-demethylation and per-
haps ethoxyresorufin-de-ethylation. With regard to
ethoxycoumarin-de-ethylation and both biphenyl
hydroxylations there is neither a phenobarbitone-
like nor a 3-methyicholanthrene-like action. On the
other hand, the shortening of zoxazolamine paralysis
time suggests a hydrocarbon type of induction.

A phenobarbitone-like inducing activity favours
the expectation of increased microsomal protein con-
tent. Qur results confirm this expectation, whereas,
interestingly, Pessayre and Mazel [24], working on
the same species, found no alteration. Perhaps this
discrepancy is simply due to some strain specificity.
However, the time course within the first 3 days of
induction of microsomal protein content, pellet
weight and resulting protein content of pellet (Fig.
2) rather suggests major reconstruction processes in
the endoplasmic reticulum. Evidence for such pro-
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cesses has been provided by De Matteis [35] for
cytochrome P-450, cytochrome bs and total proto-
heme, and by Pansegrouw and Netter (unpublished)
for cytochrome P-450.

According to the literature there is no doubt about
the “normal” absorption spectrum of the reduced
cytochrome P-450 CO complex under rifampicin
induction. In contrast to this fact we found a small
but distinct shift—about 0.5 nm—of the maximum
absorption to shorter wavelengths. Since we could
neither demonstrate a binding spectrum nor a
“metabolic intermediate complex” as described by
Franklin [36], the most probable explanation is the
appearance of a new species of cytochrome P-450.
On the other hand, the spectral phenomenon of peak
shifting is fully developed already after 1 day exclud-
ing a considerable de novo synthesis of a different
apoprotein in that time; furthermore, the amount
of cytochrome P-450 continues to increase after that
time point, while the blue shift is not further inten-
sified. Perhaps the separation of these assumed mul-
tiple species of cytochrome P-450 by other methods
will shed light on the mechanisms of induction, and,
probably, atypical inducers promise more success in
that way than do typical ones.
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