Biochemical Pharmacology. Vol. 30, pp. 553-558.

® Pergamon Press Ltd. 1981. Printed in Great Britain.

SELF-INDUCTION BY TRIACETYLOLEANDOMYCIN OF
ITS OWN TRANSFORMATION INTO A METABOLITE
FORMING A STABLE 456 nm-ABSORBING COMPLEX WITH
CYTOCHROME P-450

DoMINIQUE PESSAYRE™T, VERONIQUE DESCATOIRE®, MITKA KONSTANTINOVA-MITCHEVA*,
Joao-CarRLOS WANDSCHEER*, BARTON COBERT*, REGINE LEVEL*, JEAN-PIERRE
BeNHAMOU™, MARYSE JAOUENT and DANIEL MANSUYE

*Unité de Recherches de Physiopathologie Hépatique (INSERM), Hépital Beaujon, Clichy, and
tLaboratoire de Chimie, Ecole Normale Supérieure, Paris, France

(Received 30 June 1980; accepted 23 September 1980)

Abstract—Triacetyloleandomycin (TAO), a macrolide antibiotic containing a tertiary amine function,
—N({CH,),, gave a small type I binding spectrum with, and was slightly demethylated by, microsomes
from control rats. No detectable 456 nm-absorbing complex was formed in vitro upon incubation of
control microsomes with TAO and NADPH; no complex formed in vivo could be detected in microsomes
from rats killed 1hr after a single dose of TAO, 1 mmole/kg i.p. Repeated administration of TAQ,
1 mmole/kg i.p. daily for 4 days incréased the liver weight/body weight ratio, hepatic microsomal protein
concentration, NADPH-cytochrome ¢ reductase activity, and the amplitude of the TAO type I binding
spectrum but did not change the CO-binding spectrum of dithionite-reduced microsomes or the activity
of TAO demethylase. Microsomes isolated from rats treated with repeated doses of TAQ exhibited an
enormous absorption peak at 456 nm; the absorption at 456 nm was slightly increased upon incubation
with TAO and NADPH; the absorption peak at 456 nm disappeared upon treatment of the microsomes
with 50 uM potassium ferricyanide. After disruption of the complex by potassium ferricyanide. cyto-
chrome P-450 in TAO-treated rats was increased by 260% above that in control microsomes; the
amplitude of the TAO-type I binding spectrum was increased by 4500% and TAO-demethylase activity
was increased by 670%. It is concluded that TAQ induces its own transformation into a metabolite
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which forms a stable complex with the iron (II) of reduced cytochrome P-450,

Triacetyloleandomycin (TAO) is commonly used as
an antibiotic in humans. Both in humans {1} and in
rats [2] administration of TAO produces ultrastruc-
tural changes of the liver suggesting microsomal
enzyme induction. However, several drug interac-
tions observed in humans [3-7] suggest that TAO
administration decreases the hepatic metabolism of
other drugs.

The chemical structure of TAQO involves a tertiary
amine function [8]. Several secondary or tertiary
amines [9-19] are dealkylated and oxidized by cyto-
chrome P-450 into metabolites, probably nitrosoal-
kanes [20-23], which form stable complexes with the
iron (II) of reduced cytochrome P-450. These stable
complexes are formed in vitro in the presence of the
parent amines, NADPH, and oxygen, but may also
be formed in vivo [14]. Once formed, nitrogenous
complexes may hold cytochrome P-450 in the ferrous
state; nitrogenous complexes formed in vivo may
persist in isolated microsomes where they can be
directly demonstrated without prior addition of
dithionite [14]. The formation of these stable com-
plexes has 3 main consequences [14]: (a) it produces
a Soret peak around 455nm; (b) it prevents the
fixation of CO on cytochrome P-450 and therefore

1 To whom reprint requests should be addressed at:
Unité de Recherches de Physiopathologie Hépatigue, Hop-
ital Beaujon, 92118 Clichy, France.
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reduces the CO-difference spectrum of dithionite-
reduced microsomes; (c) it also prevents the fixation
of O, and blocks cytochrome P-450 activity. Nitro-
genous complexes are unstable in the ferric state;
treatment of the microsomes with potassium ferri-
cyanide oxidizes the iron to the ferric state, displaces
the metabolite from its complex, regenerates native
cytochrome P-450 and restores its CO-binding
capacity and activity {14]. The tformation of stable
complexes is increased by phenobarbital pretreat-
ment [14]. Compounds transformed into complex-
forming metabolites, such as SKF 525-A, may induce
microsomal enzymes [10] and might increase their
own transformation into  complex-forming
metabolites.

In this communication, we present evidence that
TAO induces its own transformation into a metab-
olite which forms a stable complex with reduced
cytochrome P-450. In another communication [24].
we report that TAO administration decreases cyto-
chrome P-450 activity with other substrates.

MATERIALS AND METHODS

Animals, chemicals and treatments. Male Spra-
gue-Dawley rats, weighing 180-200g, were pur-
chased from Charles River France (St-Aubin les
Elbeuf, France). Animals were allowed food (Auto-
clavé 113, UAR, France) and water ad [ib. TAO
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was a generous gift from Pfizer France, Orsay,
France. TAO, 0.062-1 mmole/kg was administered
i.p. or p.o. in 5 ml/kg of HCI (final pH. 2.35); control
rats received HCl i.p. or p.o., pH 2.35. Rats were
used 1 hr or 24 hr after a single dose and 24 hr after
the last of 4 daily doses.

Drug-metabolizing enzymes. Rats were stunned
and the liver was removed. Liver fragments were
minced and homogenized in 3vol. 0.154 M KClI,
0.01 M sodium—potassium phosphate buffer, pH 7.4.
The liver homogenate was centrifuged at 10,000 g
and the 10,000g supernatant was centrifuged at
100,000 g. Microsomal pellets were resuspended in
the same buffer and centrifuged again at 100,000 g.
Washed hepatic microsomes were used immediately
after their preparation.

Hepatic microsomal protein concentration and
NADPH-cytochrome ¢ reductase activity were
measured as previously reported [25]. Hepatic
microsomal cytochrome P-450 concentration was
measured as the CO-difference spectrum of dithion-
ite-reduced microsomes as described by Omura and
Sato [26]; the same technique was repeated after
first adding 50 uM potassium ferricyanide to another
batch of microsomes.

Metabolism of TAOQ. The binding spectrum of
TAO with hepatic cytochrome P-450 was measured
with a microsomal suspension adjusted to 2mg
microsomal protein/ml. TAO dissolved in methanol
(25 nmoles/ul) was added to 2.5 m! of the microsomal
suspension in the test cuvette while the same volume
of methanol was added to the reference cuvette. The
binding spectrum was recorded from 330 to 510 nm
on an Aminco DW, spectrophotometer. The same
technique was repeated after first adding 50 uM
potassium ferricyanide to another batch of
microsomes.

The demethylation of TAO was measured by a
technique identical to that used for measuring the
demethylation of ethylmorphine [25] but with
0.3mM TAO as the substrate; TAO was added in
25ul of ethanol to the test flasks while 25ul of
ethanol were added to the blank flasks; blank and
test flasks were incubated for 15 min and the amount
of formaldehyde formed was measured with the Nash
reagent; this technique was performed both with
untreated microsomes and with microsomes treated
with 50 uM potassium ferricyanide.

The in vivo formation of complexes absorbing
around 455 nm was measured with microsomal sus-
pensions adjusted to 2 mg microsomal protein/ml;
microsomes from control rats were placed in the
reference cuvette while microsomes from TAO-
treated rats were placed in the test cuvette: the
difference spectrum was recorded from 380 nm to
500 nm in an Aminco DW, spectrophotometer.

The in vitro formation of complexes absorbing
around 455nm was measured with a microsomal
suspension containing 2 mg microsomal protein/ml.
The same microsomal suspension was placed in both
cuvettes, 0.3 mM TAO was added to the test cuvette,
and 1 mM NADPH was added to both cuvettes. The
difference spectrum was recorded from 380 nm to
500 nm in an Aminco DW, spectrophotometer.

In rats killed 1 hr or 24 hr after a single i.p. dose
of HCl, or 24 hr after the last of 4 daily i.p. or p.o.

Table 1. Effect of TAO administration on hepatic drug-metabolizing enzymes™
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Cytochrome P-450

NADPH-cytochrome ¢

with

potassium ferricyanide
(nmoles/mg microsomal protein)

without

reductase activity
(nmoles/min/mg
microsomal protein)

Microsomal
proteins
(mg/g liver)

Liver weight/
body weight
(%)
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1 hr after TAO, 1 mmole/kg i.p.

24 hr after TAO, 1 mmole/kg i.p.

TAO, 1 mmole/kg i.p. daily for 4 days
TAO, 1 mmole/kg p.o. daily for 4 days
TAO, 0.25 mmole/kg i.p. daily for 4 days
TAO, 0.062 mmole/kg i.p. daily for 4 days

Control

* Rats were killed 1 hr or 24 hr after a single dose of TAO. I mmole/kg i.p. or 24 hr after the last of 4 daily doses of TAO i.p. or p.o. Cytochrome P-450

was measured as the CO-difference spectrum of dithionite-reduced microsomes both with untreated microsomes and with microsomes to which 50 uM

potassium ferricyanide had been added. Results are means + S.D. for at least 8 rats.

t Significantly different from that in control rats, P < 0.05.
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Self-induction by triacetyloleandomycin

"G0"0 > d ‘SIBI [OIIUOD UL JRY) WO Walopp Apuesyrudis 4
‘sjul g

1SE3[ JB 10] ('S 7 SUBSW 3IE SINSIY "SIe [011UOD HOI] SIUOSOIIW PUE SJEI PJeas}-QV.[, WoIJ SOUOSOIINH U3dMIaq WN10ads 30UIIIJIP Y1 S8 PIPIOII SEM
wu 96 18 11| Surgrosqe soxa[dwos Jo uoNEBULIOY 0414 Ul Sy -dpruekoLLsy wisselod NN (S YA paIeai) Asnolasid SoWOSOIdW 10 SISO PIJBanUN Aq
OpAUIP[RULIO) JO UONBULIO) 3Y) SB POINSEawW sem AJAOR aseAylowop (v ] uoisuadsns |eurosordiws [ui/Sw 7 seam suisjoad [BUIOSOIOI JO UOHRIIUIDUOD 5Y)
‘oprueonnioy wrsseiod WY (S Yiim Pojean A1snoiaaad SSWOSOINW Yilm pUR SOWOSOIDI PIJESNUN YliM PIPIOIRI sem OV ] Jo wnnoads Suipuiq 1 ad4) sy,
'skep 10} Apep d'1 Syyorowt | *OV.L JO s9s0p A[iep § JO 18B] 941 19033e 1y $7 Jo "d'1 Sy/ajowur | ‘OV.L JO 9sop s13uls B I2)Je I $7 O Y | POfjIY S1om SIRY

81 + €01 +Tr0F 261 €T'0F S0 2T F 69 FST skep ¢ 10§ Ajrep
‘dt 8yprowm [ OV
A=Al +6¥°0 = 0S°0 LSTO0F9E0 CFL %9 “d'1 By/op0unn
1 ‘OVL Iaye 14 47
Pa313939p 10U LO'0OF 6170 ¥00F61°0 SOFV1 90%TC1 “d-1 Byerownm
I ‘OVL e |
01'0% 8520 LY0OF L0 Yo+¢1 SO0F¢C1 onuo)
(rwyuraioid pewosororu (urajoxd (juyyuisioid jewrosoronw

Bu1/ 01 x ¥ Q)
sjel [0NUOY WOX)
SOUWOSOIDILL
pue sje1 paeali-Qv.L
wolx
SIUOSOIINW UIIMIBQ

wu 9¢p
je wnaoads sousrayiq

[BUWOSOIDIE Ful/uri/$3[ouIu)
apruefo1us) umissejod
qaim inoyim

Fuwy 01 x WEEq )
opruekorriay wnissejod
yum moym

OvVL1 NW

OV.L WW £0 him 2pAYap[ewiio jo uonewiog €0 yim wonoads fuipuiq [ 2dA1 jo spaidury

LWSTOQEIdW OV I U0 UoneisImpe OV, JO PR 'Z 9198



556 D. PESSAYRE et al.

doses of HCI, hepatic drug-metabolizing enzymes,
TAO binding spectrum. and TAO demethylation
were not different from those in microsomes from
untreated control rats.

RESULTS

Hepatic drug-metabolizing enzymes. Repeated
administration of high doses of TAO (1 mmole/kg
i.p. daily for 4 days) increased the liver weight/body
weight ratio, hepatic microsomal protcin concentra-
tion and NADPH-cvtochrome ¢ reductase activity
(Table 1). The CO-difference spectrum of dithion-
ite-reduced microsomes mecasured without prior
treatment of the microsomes with potassium ferri-
cyanide was similar in microsomes from TAO-
treated rats and in microsomes from control rats
(Table 1). Treatment of the microsomes with 50 uM
potassium ferricyanide did not increase the CO-bind-
ing spectrum in microsomes from control rats or in
microsomes from rats killed 1 hr after a single dose
of TAO, but increased it in microsomes from other
TAO-treated rats (Table 1). After treatment of the
microsomes with potassium ferricvanide. micro-
somal cytochrome P-450 concentration was similar
in control rats and in rats killed I hr after a single
dose, but was increased by 30 per cent in rats killed
24 hr after a single dose. and by 260 per cent in rats
killed after 4 daily doses of TAO. | mmole/kg i.p.
daily (Table 1). Lower repcated doses led to lesser
increases (Table 1).

TAO type I binding spectrum. TAO, 0.3 mM, gave
a barely detectable type I binding spectrum with
hepatic microsomes from control rats and from rats
killed 1 hr after a single dose of TAO (Table 2): the
K, could not be determined accurately. The ampli-
tude of the type I binding spectrum was much higher
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with microsomes from rats killed 24 hr after a single
dose of TAO and was still higher in microsomes
from rats killed after 4 daily doses of TAQO (Table
2. Fig. 1): in the latter rats, the K| was 0.036 mM.
Treatment of the microsomes with 50 uM potassium
ferricyanide did not change the amplitude of the
TAO type I binding spectrum in microsomes from
control rats or from rats killed 1 hr after a single
dose of TAO, but further increased it in microsomes
from other TAO-treated rats (Table 2). After treat-
ment of the microsomes with potassium ferricyanide,
the amplitude of the TAO type I binding spectrum
was similar in control rats and in rats killed [ hr after
a single dose, but was increased by 370 per cent in
rats killed 24 hr after a single dose. and by 4500 per
cent in rats killed after 4 daily doses of TAO,
I mmole/kg i.p. daily (Table 2).

TAQO demethylase activity. TAO. 0.3mM. was
similarly demethylated by hepatic microsomes from
control rats and from rats killed | hr after a single
dose of TAO (Table 2). TAO demecthylase activity
was increased in microsomes from rats killed 24 hr
after a single dose but was not increased in micro-
somes from rats killed after 4 daily doses of TAO
(Table 2). Treatment of the microsomes with 50 uM
potassium ferricyanide further increased TAO
demethylase activity in microsomes from rats killed
24 hr after a single dose and markedly increased it
in rats killed after 4 daily doses (Table 2). After
treatment of the microsomes with potassium ferri-
cyanide, TAO demethylase activity was similar in
control rats and in rats killed 1 hr after a single dose,
but was increased by 100 per cent in rats killed 24 hr
after a single dose, and by 670 per cent in rats killed
after 4 daily doses of TAO, 1 mmole/kg i.p. daily
(Table 2).

In vivo and in vitro formation of a complex absorb-
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Fig. 1. Binding spectrum of TAO with microsomes from rats treated with repecated doses of TAO. Rats
were Killed 24 hr after the last of 4 daily doses of TAO. | mmole/kg i.p. daily for 4 days. Washed
hepatic microsomes were preparcd: microsomes were not treated with potassium ferricyanide. A
microsomal suspension adjusted to 2 mg microsomal protein/ml was placed in the test and reference
cuvettes; TAO in various concentrations (0.02 mM. 0.04 mM. 0.1 mM. 0.3 mM and 1 mM) was added
in the test cuvette. The type I binding spectra from a single experiment are shown on the left part of
the figure while a double reciprocal plot from data of 7 experiments is shown on the right part of the
figure. The K, for TAO was 0.036 mM.
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Fig. 2. Formation of complexes absorbing at 456 nm. The
left part of the figure shows the difference spectrum
obtained by placing microsomes from a control rat in the
reference cuvette and microsomes from a rat killed 24 hr
after 4 daily doses of TAO, 1 mmole/kg i.p. daily, in the
test cuvette; microsomal suspensions were adjusted to 2 mg
microsomal protein/ml. The right part of the figure shows
the difference spectra obtained by placing microsomes from
a rat killed 24 hr after the last of 4 daily doses of TAO,
1 mmole/kg i.p. in both cuvettes, adding 0.3 mM TAO in
the test cuvette and 1 mM NADPH in both cuvettes and
recording after 0.3 and 10 min.

ing at 456 nm. When microsomes from control rats
were placed in the reference cuvette and microsomes
from rats killed after 4 daily doses of TAO were
placed in the test cuvette, there was an enormous
absorption peak at 456 nm (Table 2, Fig. 2); this
peak was not detected in microsomes from rats killed
1 hr after a single dose of TAQO and was moderate
in microsomes from rats killed 24 hr after a single
dose of TAO (Table 2). The absorption peak at
456 nm was not modified by addition of dithionite;
it disappeared after addition of 50 uM potassium
ferricyanide to the microsomes.

In vitro, when microsomes from rats treated with
4 daily doses of TAO were placed in both cuvettes,
and 0.3 mM TAO was added to the test cuvette, and
1 mM NADPH was added to both cuvettes, a small
absorption peak appeared at 456 nm (Fig. 2). The
absorption peak at 456 nm was intermediate at 5 min
and fully developed at 10 min; the absorption peak
at 456 nm disappeared after addition of 50 uM potas-
sium ferricyanide. No peak at 456nm could be
detected with microsomes from control rats.

DISCUSSION

Induction by TAO of TAO metabolism. Repeated
administration of TAO, 1mmole/kg i.p. daily,
increased the liver weight/body weight ratio, hepatic
microsomal protein concentration, NADPH-cyto-
chrome ¢ reductase activity and cytochrome P-450
concentration measured in the presence of potassium
ferricyanide (Table 1). The increase in total cyto-
chrome P-450 concentration was progressive and
dose-dependent (Table 1). These findings suggest
that TAO administration induces hepatic drug-
metabolizing enzymes.

TAO is known to be deacetylated to oleandomycin
[27], but, to our knowledge, has not been reported
to be metabolized by hepatic microsomes. TAO, a
lipophilic drug that contains a tertiary amine func-
tion, —N(CH3),, could bind to, and be demethylated
by, cytochrome P-450. Indeed, TAO gave a small
type I binding spectrum with hepatic cytochrome
P-450, and was slightly demethylated by hepatic
microsomes in control rats (Table 2). In microsomes
from rats killed after repeated doses of TAO,
1 mmole/kg i.p. daily, the amplitude of the TAO
type 1 binding spectrum and the activity of TAO
demethylase, measured after addition of potassium
ferricyanide, were increased by 4500 and 670 per
cent, respectively, above that in control microsomes,
although cytochrome P-450 was increased by only
260 per cent. These observations suggest that TAO
administration induces species of cytochrome P-450
that have a high binding capacity and a high deme-
thylating activity for TAO.

Formation of a stable complex with induced cyto-
chrome P-450. Several secondary or tertiary amines
[9-19] are dealkylated and oxidized by cytochrome
P-450 into metabolites which form stable complexes
with reduced cytochrome P-450 (see Introduction).
Complexed cytochrome P-450 (a) exhibits a Soret
peak around 455 nm, (b) is unable to bind CO, and
(c) is unable to oxidize substrates. Treatment of the
microsomes with potassium ferricyanide regenerates
native cytochrome P-450 and reverses the above-
mentioned phenomena. None of these various
phenomena was detected 1hr after the administra-
tion of a single dose of TAO (Table 1 and Table 2).
However, after repeated doses of TAO, (a) there
was an enormous absorption peak at 456 nm (Fig.
2) and this peak disappeared after treatment of the
microsomes with potassium ferricyanide, (b) the
CO-binding capacity of dithionite-reduced micro-
somes was normal in untreated microsomes but high
in potassium ferricyanide-treated microsomes (Table
1}, and (c) TAO demethylase activity was normal
in untreated microsomes but high in potassium fer-
ricyanide-treated microsomes (Table 2). These
observations suggest that in TAO-induced rats, TAO
is transformed into a metabolite which forms a stable
complex with the iron (II) of reduced cytochrome
P-450, results in the appearance of a Soret peak at
456 nm, prevents the fixation of CO, and blocks the
activity of cytochrome P-450 with TAO (Table 2)
and other substrates [24].

Masking of induction by the formation of a stable
complex. The property of potassium ferricyanide to
restore the CO-binding capacity of previously com-
plexed cytochrome P-450 allows estimation of total
cytochrome P-450, uncomplexed cytochrome P-450,
and complexed cytochrome P-450 (measured as the
difference between total and uncomplexed cyto-
chrome P-450); the amount of complexed cyto-
chrome P-450 calculated in this way was in close
agreement with that calculated from the optical
absorption at 456 nm by using molar extinction coef-
ficients previously reported for similar complexes
[13,23]. It is noteworthy that the increase in total
cytochrome P-450 concentration in TAQO-treated rats
wasrelated to the presence of complexed cytochrome
P-450 whereas the concentration of uncomplexed
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Table 3. Characteristics of uncomplexed and previously complexed cytochrome P-450 of TAO-
treated rats*

Amplitude of TAO

type I binding
spectrum
(0.D 550420 % 10°nmole
cytochrome P-450/ml)

TAO demethylase activity
(nmoles formaldehyde/min/
nmole cytochrome P-450)

Cytochrome P-450 of control rats
Uncomplexed cytochrome P-450 of
TAO-treated rats

Previously complexed cytochrome
P-450 of TAO-treated ratst

2 0.31
21 0.36
30 0.93

* Values are calculated from the data presented in Table ! and Table 2 in control rats or in rats
treated with TAO, 1 mmole/kg i.p. daily for 4 days.

+ Values for previously complexed cytochrome P-450 are not directly observed but are calculated
from the differences observed between microsomes treated with 50 uM potassium ferricyanide (total
cytochrome P-450) and untreated microsomes (uncomplexed cytochrome P-450) of TAO-treated

rats.

cytochrome P-450 always remained constant and
equal to that in control microsomes (Table 1).

Significance of remaining uncomplexed cyto-
chrome P-450. The amplitude of the TAO type 1
binding spectrum calculated per nmole of cyto-
chrome P-450 (Table 3) was increased both in
uncomplexed cytochrome P-450 of TAO-treated rats
and in previously complexed cytochrome P-450 of
TAO-treated rats. This observation indicates that
the remaining uncomplexed cytochrome P-450 is not
made up merely of normal species of cytochrome
P-450 but is at Jeast partly made up of induced species
(with a high binding capacity for TAO). Whereas
both previously complexed, and uncomplexed, cyto-
chrome P-450 of TAO-treated rats exhibited a high
TAO-binding capacity, only previously complexed
cytochrome P-450 exhibited a high TAO demethyl-
ase activity (Table 3). Dealkylation of tertiary amines
is a prerequisite for the formation of complex-form-
ing metabolites [14]. These observations may indi-
cate that TAGO induces species of cytochrome P-450
with a high TAO demethylase activity and/or a high
TAO-binding capacity; that or those species with a
high TAO demethylase activity may be selectively
complexed in vivo (Table 3), whereas species with
an unchanged TAO demethylase activity may remain
uncomplexed in vivo (Table 3) and be barely com-
plexed in vitro (Fig. 2).

It is concluded that TAO induces its own trans-
formation into a metabolite which forms a stable
456 nm-absorbing complex with reduced cytochrome
P-450. We are currently testing the possibility that
some other macrolides may have similar effects.
Acknowledgements—This work was supported in part by
a grant from Pfizer Laboratories, Orsay, France.

REFERENCES

1. A. M. Jezequel and F. Orlandi, in Liver and Drugs
(Eds. F. Orlandi and A. M. Jezequel), p. 145. Aca-
demic Press, London (1972).

2. W. Djaczenko, E. Garaci and E. Genazzani, Ann.
Sclavo 15, 281 (1973).

3. A. C. Hayton, N.Z. med. J. 69, 42 (1969).

4. 8. L. Spector, F. H. Katz and R. S. Farr, J. Allergy
clin. Immun. 54, 367 (1974).

5. C. Dravet, E. Mesdjian, B. Cenraud and J. Roger,
Nouv. Presse Med. 6, 467 (1977).

6. M. Weinberger, D. Hudgel, S. Spector, C. Chidsey,
J. Allergy clin. Immun. 59, 228 (1977).

7. J. P. Miguet, D. Vuitton, D. Pessayre, H. Allemand,
J. M. Metreau, R. Poupon, J. P. Capron and F. Blanc,
Ann. intern. Med. 92, 434 (1980).

8. F. A. Hochstein, H. Els, W. D. Celmer, B. L. Shapiro
and R. B. Woodmark, J. Am. chem. Soc. 82, 3225
(1960).

9. A. H. Beckett and G. G. Gibson, J. Pharm. Pharmac.
29, 756 (1977).

10. M. K. Buening and M. R. Franklin, Drug Metab.
Dispos. 4, 244 (1976).

11. M. R. Franklin, Xenobiotica 4, 133 (1974).

12. M. R. Franklin, Xenobiotica 4, 143 (1974).

13. M. R. Franklin, Molec. Pharmac. 10, 975 (1974).

14. M. R. Franklin, Pharmac. Ther. A2, 227 (1977).

15. M. Hirata, J. Hogberg, H. Thor and S. Orrenius, Acta
pharmac. tox. 41, 177 (1977).

16. M. Hirata, B. Lindeke and S. Orrenius, Biochem,
Pharmac. 28, 479 (1979).

17. 1. Jonsson and B, Lindeke, Acta pharmac. Suec. 13,
313 (1976).

18.J. B. Schenkman, B. J. Wilson and D. L. Cinti,
Biochem. Pharmac. 21, 2373 (1972).

19. J. Werringloer and R, W, Estabrook, Archs. Biochem.
Biophys. 167, 270 (1975).

20. D. Mansuy, Biochimie 60, 969 (1978).

21. D. Mansuy, P. Battioni, J. C. Chottard and M. Lange,
J. Am. chem. Soc. 99, 6441 (1977).

22. D. Mansuy, P. Beaune, J. C. Chottard, J. F. Bartoli
and P. Gans, Biochem. Pharmac. 25, 609 (1976).

23. D. Mansuy, P. Gans, J. C. Chottard and J. F. Bartoli,
Eur. J. Biochem. 76, 607 (1977).

24. D. Pessayre, M. Konstantinova-Mitcheva, V. Desca-
toire, B. Cobert, J. C. Wandscheer, R. Level, G.
Feldmann, D. Mansuy and J. P. Benhamou, Biochem.
Pharmac. 30, 559 (1981).

25. D. Pessayre and P. Mazel, Biochem. Pharmac. 25, 943
(1976).

26. T. Omura and R. Sato, J. biol. Chem. 239, 2370 (1964).

27. A. R. English and T. I. McBride, Antibio. Chemother.
8, 424 (1958).



