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ics; many P450 monooxygenases are inducible specifi-
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Regioselective 7-demethylation of scoparone is reg-
larly employed as an indicator of phenobarbital-like

nduction of rat liver cytochrome P450 isoform
YP2B1, e.g., by the antiepileptic drug phenytoin. Af-

er induction with phenobarbital and phenytoin, a
ew reaction sequence catalyzed by Cyp2c29 was iden-
ified in mouse liver microsomes. Cyp2c29-dependent
-demethylation of scoparone resulted in the forma-
ion of isoscopoletin, an intermediate which is suscep-
ible to further oxidation. This subsequent oxidation
as also catalyzed by Cyp2c29 with a Km of 30,31 mM
nd a Vmax of 3,41 mM/min z mM P450, and resulted in the
ormation of the new metabolite 3-[4-methoxy-p-(3,6)-
enzoquinone]-2-propenoate. This novel metabolite is
he product of two consecutive oxidation reactions,
roceeding over isoscopoletin to a putative lactone
hich is accessible to immediate hydrolysis, due to the
nium character of the ring oxygen. This opening of
he lactone ring corresponds to an oxidative hydroly-
is. Differential oxidation of scoparone can be used as

sensitive indicator for distinguishing between dif-
erent cytochrome P450 isoforms. © 2001 Academic Press

Key Words: cytochrome P450; scoparone; phenytoin;
henobarbital; oxidative hydrolysis; Cyp2c29; CYP2B1;
ouse; liver.

The P450 monooxygenases represent a multigenic
amily, mainly localized in the endoplasmic reticulum
f hepatocytes (1). These enzymes are involved in oxi-
ative and reductive metabolism of endogenous and
xogenous compounds, such as steroids and xenobiot-

Abbreviations used: amu, atomic mass units; CYP, Cyp; P450,
ytochrome P450; [MBQ]-propenoate, 3-[4-Methoxy-p-(3,6)-benzo-
uinone]-2-propenoate; MS, mass spectrometry; PBS, phosphate
uffered saline; PVDF, polyvinylidendifluoride.
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ally by these compounds (2).
The antiepileptic drugs phenobarbital and phenytoin

re potent inducers of rat liver CYP2B1 (3, 4). In mouse
iver, phenobarbital and phenytoin act as inducers of
he families Cyp2b, Cyp2c, and Cyp3a (5, 6). In con-
rast to rat liver, the main microsomal isoform induced
y phenytoin in mouse is Cyp2c29 (3, 7, 8). Phenytoin
as also been shown to be a substrate for murine
yp2c29 in a previous study (3).
Rapid, highly specific enzymatic assays are essential

or the functional characterization of novel P450 iso-
orms. The demethylation of aminopyrine (9) or the
ealkylation of pentoxyresorufins (10, 11) have been
ommonly used to analyze the induction of P450 in
epatic microsomes. Because of the broad substrate
pecifity of some P450’s, these assays are often mark-
rs for several different P450 isoforms (12). In order to
onfirm differential induction of specific P450 isoforms
y phenobarbital or phenytoin, enzymatic assays with
istinctive substrate specifity are required.
The coumarin derivative scoparone and its demethyl-

tion products isoscopoletin (6-demethylation) and scopo-
etin (7-demethylation) are natural occurring in roots and
arks of plants like belladonna and oleander, and func-
ion as inhibitors of plant growth (13). These compounds
xert good fluorescence at 345 nm which predetermines
hem for use in enzymatic assays. The regioselective
-demethylation of the coumarin derivative scoparone
as been used as an indicator for phenobarbital-like in-
uction of CYP2B1 in rat liver (14). Whereas untreated
ats catalyze the 6-demethylation of scoparone almost
xclusively, 7-demethylation of scoparone is strongly in-
reased after phenobarbital treatment. In the present
tudy, we demonstrate that scoparone oxidation cata-
yzed by rat CYP2B1 and murine Cyp2c29 can be em-
loyed to differentiate between the P450 induction pro-
les of phenytoin and phenobarbital in these species. The
xidation of scoparone by murine Cyp2c29 reveals a char-
cteristically different pathway from that of rat CYP2B1,
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usly unknown metabolite in scoparone oxidation. This is
he first report of an oxidative hydrolysis reaction medi-
ted by a cytochrome P450.

ATERIALS AND METHODS

Animals. Ten male Sprague–Dawley rats (150–200 g), and 10
ale C57B1/6J mice (25–30 g) were fed for 2 weeks with solid

tandard diet (Eggersmann, Rinteln, FRG) supplemented with 2000
pm (rats) or 500 ppm (mice) phenytoin and tap water ad libitum.
en animals received fluid diet of tap water supplemented with 500
g phenobarbital/1 for 1 week. This resulted in a daily consumption

f 80 mg/kg z d of either drug. The drug serum levels of rats were 5
g/ml, those of mice 15 6 3 mg/ml. Ten animals were used as
ontrols. The animals were kept under a 12 h light/dark cycle at a
emperature of 22°C.

Chemicals. Scoparone (6,7-dimethoxycoumarin), scopoletin (7-
ydroxy-6-methoxycoumarin), and isoscopoletin (6-hydroxy-7-
ethoxycoumarin) were purchased from Roth (Karlsruhe, FRG),

henytoin (sodium salt), and phenobarbital (sodium salt) from Sigma
München, FRG). All other reagents were from commercial sources
t the highest purity available.

Preparation and characterization of liver microsomes. Ten- to
welve-week-old animals were sacrifized as described previously
15). After perfusion with PBS, livers were immediately removed.

icrosomal fractions were obtained by differential centrifugation.
riefly, liver homogenates were centrifuged at 750g, 4300g, and
5,000g prior to a final spin at 105,000g for 90 min (3, 16). 10 mM
ris–HCl, pH 7.4 containing 0.32 mM sucrose, 1 mM EDTA, and 0.5
M 1,4-dithiothreitol was used as homogenization buffer. P450 con-

ent of microsomal fractions was measured by spectrophotometry
17).

Immunoblotting with polyclonal IgG-fraction against mouse liver
yp2c29. Microsomal samples (5 mg protein) from phenytoin-,
henobarbital-, and nontreated liver from mice were separated via
0% SDS–PAGE. The proteins were transferred to a PVDF mem-
rane (Immobilon P, Millipore, Eschborn, Germany) and probed with
polyclonal anti mouse liver Cyp2c29 IgG-fraction (dilution 1:2000)

3). Protein signals were visualized by enhanced chemoluminescence
ECL, Amersham, Freiburg, Germany) and quantificated by densi-
ometry (BioRad, München, Germany). Negative controls omitting
he first antibody generated no signal.

Assay for measurement of oxidation of scoparone and isoscopoletin.
coparone O-demethylation and isoscopoletin oxidation by liver mi-
rosomes equivalent to 1 mM P450 were tested in 100 mM Tris–HCl
uffer, pH 7.6, containing 4 mM NADPH, 80 mM scoparone, and 2
M MgCl2. The incubations were carried out for 0, 3, 6, and 10 min

t 37°C under gentle shaking (18). The reaction was stopped by the
ddition of 10% (v/v) 3 M trichloroacetic acid (TCA). For determina-
ion of blanks protein was added after incubation. A stop-time-assay
as used for determination of the dependency of reaction velocity

rom substrate concentration and proved to be linear under the
xperimental conditions.

Immunoinhibition of oxidation of scoparone and isoscopoletin. To
erify Cyp2c29 specificity of the reaction, scoparone O-demethylation
nd isoscopoletin oxidation in phenytoin-treated mouse liver micro-
omes were analyzed in presence of polyclonal anti mouse liver
yp2c29 IgG-fraction (0, 0.1, 0.5, and 1 mg) and preimmune IgG to
ive a total IgG level of 1 mg/mg protein. Preincubation was carried
ut at 25°C for 30 min. Incubation was carried out subsequently for
0 min as described.

High performance liquid chromatography. Separation of scop-
rone and its metabolites was performed on a Nova-Pak C18 column
eated to 30°C (150 3 3.9 mm, 5 mm particle size; Waters, Eschborn,
33
ith the Waters 996 PDA-detector operating at 345 nm. The mobile
hase consisted of 80% 50 mM ammonium acetate buffer, pH 4.25,
nd 20% acetonitrile (v/v) (18) with flow rates adjusted to 1 ml/min.

Kinetic data. Kinetic parameters of mouse liver Cyp2c29 for
coparone and isoscopoletin were evaluated graphically in the v/[S]v-
lot (19), using substrate concentrations of 5, 10, 20, 40, and 80 mM
nd P450 amounts of 100, 200, and 400 pmol per assay. To inhibit
coparone and isoscopoletin oxidation, phenytoin was added as sub-
trate in concentrations of 0.05, 0.2, 1, and 5 mM.

Spectrometry. UV/VIS-spectra were recorded in the range of
50–500 nm (Perkin Elmer Lamba-2, Überlingen, FRG) using ethyl
cetate as solvent. Mass spectra were recorded using a MAT 312
ass spectrometer operating with electron impact ionization, EI, at

0 eV, connected with data unit SS 200 (Finnigan Mat, Bremen,
RG). The temperature of the ion-source was 220°C [m/z 208 M!;
/z 69 (basis peak), 92% rel. intensity].

ESULTS

coparone Oxidation

Scoparone is metabolized in a P450-dependent path-
ay in both rat and mouse liver by O-demethylation in

he 7- and 6-positions, resulting in the formation of
copoletin or isoscopoletin, respectively. Whereas mi-
rosomes of untreated rats and mice showed no differ-
nce in scoparone O-demethylation, the ratio of isosco-
oletin:scopoletin being about 5:1 in both cases (Figs.
A, 2A, and Table I), the microsomes of drug-treated
nimals revealed a species dependent difference in the
emethylation of scoparone.
Treatment of rats with 80 mg/kg z day phenobarbital

ncreased microsomal scoparone 7-demethylation to form
copoletin at about 56-fold higher levels when compared
o untreated controls. This resulted in a isoscopoletin:
copoletin ratio of 0.5:1 (Fig. 1B, Table I). Rats treated
ith 80 mg/kg z day phenytoin increased microsomal

coparone 7-demethylation about 20-fold, leading to an
soscopoletin:scopoletin ratio of approximately 1:1 (Fig.
C, Table I). The specific 7-demethylation originates from
nduction of CYP2B1, as described by Müller-Enoch et al.
18).

Treatment of mice with 80 mg/kg z day phenobarbital
ed to a sixfold increase in the formation of isoscopoletin
y 6-demethylation, resulting in an isoscopoletin:scopole-
in ratio of 9:1 (Fig. 2B, Table I). Phenytoin-treatment
aused an 18-fold increase of 6-demethylation, leading to
n isoscopoletin:scopoletin ratio of 12:1 (Fig. 2C, Table I).
his increase of 6-demethylation of scoparone by either
henobarbital or phenytoin corresponds to the induction
f Cyp2c29 after treatment of mice with either drug as
onfirmed by immunoblotting using a polyclonal IgG-
raction against mouse liver Cyp2c29 (20) (Fig. 3).
yp2c29 was induced sevenfold by phenobarbital and
7-fold by phenytoin, respectively, revealing Cyp2c29 to
e the main enzyme involved in this oxidation.
In addition to increased formation of isoscopoletin in
ouse liver, an additional peak at the retention time of

.25 min revealed the formation of a previously un-
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dentified product (peak 1, Figs. 2B and 2C). The re-
ention time, shorter than those of the other metabo-
ites of scoparone-O-demethylation, points to a more
ydrophilic character of this product.

dentification of the New Metabolite

The novel product was collected via HPLC and exam-
ned by UV/VIS spectroscopy and mass spectrometry.

FIG. 1. Regioselective O-demethylation of scoparone in rat liver
icrosomal fractions. HPLC-chromatograms of assays containing 80
M scoparone and 1 mM P450. Incubations were carried out as
escribed under Materials and Methods. (A) Supernatant of un-
reated control microsomes. (B) Supernatant of microsomal fraction
btained from livers treated with phenobarbital. (C) Supernatant of
icrosomal fraction obtained from rat livers treated with phenytoin.

2) isoscopoletin, (3) scopoletin, (4) scoparone.
34
ntensive band at 305 nm due to a methoxy group, a weak
and at 425 nm and a shoulder at 281 nm indicating a
-chinoid structure (21). Mass spectrometry revealed
hat the molecular ion of the novel compound is at m/z
08 (M1), corresponding to the base peak. The fragment
eaks of the new product, m/z 193 (loss of •CH3), m/z 180
loss of CO), m/z 165 (loss of •CH3 and CO), and m/z 147
loss of •CH3, CO, and H2O), match only to the structure

FIG. 2. Oxidation of scoparone in mouse liver microsomal fraction
orming isoscopoletin and [MBQ]-propenoate. HPLC-chromatograms of
he assays as described in legend of Fig. 1. (A) Supernatant of untreated
ontrol microsomes. (B) Supernatant of microsomal fraction obtained
rom livers treated with phenobarbital. (C) Supernatant of microsomal
raction obtained from mouse livers treated with phenytoin. (1) [MBQ]-
ropenoic acid, (2) isoscopoletin, (3) scopoletin, (4) scoparone.



o
(
fl
s
m
a
[

F

n
i

c
l
p
f
s
u
r
p
p
c
d
a
c
t

K

f
p
s
v
k
a
t
p
o
r
a
1

E

t
t
t
f
h

TABLE I

R

I

S

m
p
t
z
d
T
m
h
w

Vol. 285, No. 1, 2001 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
f 3-[4-methoxy-p-(3,6)-benzoquinone]-2-propenoic acid
[MBQ]-propenoic acid) (Fig. 6). This structure would re-
ect the hydrophilic character of the new metabolite re-
ulting from opening the lactone ring of one of the cou-
arin derivatives. Under the conditions used in the

ssay, at pH 7.6, [MBQ]-propenoic acid is present as
MBQ]-propenoate.

ormation of the New Metabolite

In order to clarify the mechanism of formation of the
ew metabolite [MBQ]-propenoate, time dependent ox-

dation of scoparone, isoscopoletin, and scopoletin were

Enzymatic Activities of Scoparone Demeth
and by Cyp2c29 in M

Controls

Rat Mouse

atio
Isoscopoletin/Scopoletin 5:1 5:1

soscopoletin formed
pmol/min z pmol P450 0.69 0.69
pmol/min z mg protein 158 130
enrichment factor — —

copoletin formed
pmol/min z pmol P450 0.13 0.13
pmol/min z mg protein 30 24
enrichment factor — —

FIG. 3. Induction of Cyp2c29 by phenytoin and phenobarbital in
ouse liver. Immunoblot using 5 mg of microsomal protein from

henytoin-treated (lane 1), phenobarbital-treated (lane 2), and un-
reated mice (lane 3), separated via 10% SDS–PAGE. Marker en-
ymes: bovine serum albumin (67 kDa); catalase (60 kDa); glutamate
ehydrogenase (53 kDa); fumarase (49 kDa); aldolase (40 kDa) (31).
he proteins were incubated with a polyclonal IgG-fraction against
ouse liver Cyp2c29 (dilution 1:2000). Immunoreaction was by en-
anced chemoluminescence (ECL). The immunopositive proteins
ere quantitated using a BioRad model 620 densitometer.
35
ompared. Incubations of phenytoin-induced mouse
iver microsomes with 80 mM of each of the three com-
ounds revealed that [MBQ]-propenoate is formed ef-
ectively from isoscopoletin, to a lesser extent from
coparone, and not at all from scopoletin (Fig. 4). The
se of phenobarbital-treated mouse liver microsomes
esulted in exactly the same pattern of [MBQ]-
ropenoate formation. The generation of [MBQ]-
ropenoate from scoparone and isoscopoletin showed a
lear linear dependency on increasing amounts of in-
uced mouse liver microsomes and did not occur in the
bsence of NADPH. Moreover the reaction could be
ompletely inhibited by the presence of CO, indicating
hat these reactions are P450-dependent.

inetic Parameters of Isoscopoletin Oxidation

In order to determine the kinetic parameters for
ormation of [MBQ]-propenoate by oxidation of isosco-
oletin, the dependency of reaction velocity on sub-
trate concentration was analyzed graphically in the
/[S]-versus-v plot (plot not shown). The values of the
inetic parameters are Vmax 5 3.41 mM/min z mM P450,
nd Km 5 30.31 mM, the latter being three times higher
han the Km of 6-demethylation of scoparone to isosco-
oletin (22). In comparison with mouse liver, formation
f [MBQ]-propenoate in rat liver was always in the
ange of the limit of the detection sensitivity, even
fter induction with phenobarbital or phenytoin (Figs.
B and 1C).

vidence of Cyp2c29 as the Scoparone
Oxidating Enzyme

In order to estimate whether both subsequent oxida-
ions, the 6-demethylation of scoparone and the oxida-
ion of isoscopoletin, are catalyzed by Cyp2c29, reac-
ions were inhibited with either an anti-Cyp2c29 IgG
raction or the substrate phenytoin (Fig. 5). Immunoin-
ibition assays with increasing amounts of the anti-

tion by CYP2B1 in Rat Liver Microsomes
se Liver Microsomes

Phenobarbital Phenytoin

Rat Mouse Rat Mouse

0.5:1 9:1 1:1 12:1

1.16 1.20 1.20 2.42
915 788 530 2318
5.8 6.1 3.4 18

2.12 0.14 1.35 0.19
1673 92 597 182
55.6 3.8 20 7.6
yla
ou
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yp2c29 IgG-fraction indicated a substantial decrease
n product formation of both scoparone metabolites,
soscopoletin, and [MBQ]-propenoate. Formation of
MBQ]-propenoate was inhibited to 30% of normal ac-
ivity (Fig. 5). As expected, isoscopoletin formation was
educed in the presence of anti-Cyp2c29 IgG-fraction
s well. However, this inhibition was less than that of
MBQ]-propenoate and resulted in the retention of 75%
f normal activity (Fig. 5). The specificity of the IgG
raction recognizing only Cyp2c29 is demonstrated in
ig. 3 and previous work (15, 20). When using phenyt-

FIG. 4. Dependency of the formation of [MBQ]-propenoate fr
oncentrations of 80 mM were incubated for 0, 3, 6, and 10 min a
icrosomes. All other conditions were as described in the legend of

FIG. 5. Decrease of formation of isoscopoletin and [MBQ]-propen
see Fig. 3). Immunoinhibition of scoparone oxidation and isoscopolet
reated mice in presence of 0, 0.1, 0.5, and 1 mg IgG fraction. Preim
er reaction. Incubations contained 1 mg microsomal protein and th
n 5 3).
36
in as inhibitor, formation of both metabolites, isosco-
oletin from scoparone, and [MBQ]-propenoate from
soscopoletin, clearly decreased with increasing inhib-
tor concentrations, proving that both oxidative reac-
ions could be inhibited by phenytoin (data not shown).

ISCUSSION

Demethylation of scoparone in mouse liver, cata-
yzed by Cyp2c29, reveals a previously unknown bio-
hemical pathway after treatment with either pheno-

substrate. Scoparone (Œ) isoscopoletin (■), or scopoletin (F) in
7°C with 1 mM P450 derived from phenytoin-induced mouse liver
. 1 (n 5 3).

e in mouse liver microsomes caused by an anti-Cyp2c29 IgG fraction
ydroxylation was analyzed using liver microsomes from phenytoin-

ne IgG was added to each incubate to give a total IgG level of 1 mg
cubation time was 10 min. The uninhibited point was set to 100%
om
t 3
Fig
oat
in h
mu
e in
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arbital or phenytoin. In contrast to the increased
-demethylation of scoparone forming scopoletin by
YP2B1 in rat liver (Fig. 1, Table I) (18), Cyp2c29

atalyzes a more complex reaction sequence in mouse
iver microsomes. In the first reaction scoparone is
emethylated by oxidation at position 6 and isoscopo-
etin is formed (Fig. 6, Fig. 2, Table I). In a subsequent
eaction, the isoscopoletin derived from scoparone oxi-
ation is further oxidized by Cyp2c29 at the same
osition with a higher Km forming [MBQ]-propenoate
Fig. 6). As expected, initial [MBQ]-propenoate forma-
ion is faster with isoscopoletin as substrate than with
coparone at the same concentration (Fig. 4). Scop-
rone has a lower Km value and must be transformed
rst to isoscopoletin before the latter reaches a suffi-
iently high concentration to be oxidized as a compet-
ng substrate. No reaction occurred with scopoletin as
ubstrate (Fig. 4).
Cyp2c29-mediated oxidation of isoscopoletin causes

he opening of the lactone ring, as explained by hydro-
ysis of the putative oxonium intermediate, resulting in
he generation of [MBQ]-propenoate (Fig. 6). This in-
ermediate is most likely a lactone with a 1,4-quinoidal
tructure with an onium oxygen in the lactone ring,
aking it highly accessible to immediate hydrolysis

Fig. 6). The putative lactone intermediate is com-
letely hydrolyzed, forming [MBQ]-propenoate, as

FIG. 6. Regioselective scoparone O-demethylation reactions in
henobarbital. 6-Demethylation of scoparone and oxidative hydroly
hile 7-demethylation by CYP2B1 is the major pathway in rat liver
37
dentified by UV/vis-spectroscopy and mass spectrom-
try. Spontaneous opening of the lactone ring of isosco-
oletin could be excluded by examining its stability in
he absence of enzyme. Furthermore, a mechanism
hat involves P450-mediated hydroxylation of C4 of the
actone ring, as generally proposed for ester cleavage
23, 24), was excluded in same way as is the possibility
f an enzyme catalyzed direct hydrolysis of the lactone
ing of isoscopoletin, as no mass signal derived from a
utative hydroquinone was detectable in the mass
pectrum. The oxidation of isoscopoletin followed by
he immediate hydrolysis of the putative intermediate,
an thus be defined as oxidative hydrolysis of isoscopo-
etin.

Oxidative hydrolysis is a novel metabolic pathway
or P450-mediated reactions. It is generally assumed
hat P450 enzymes catalyze direct substrate hydroxy-
ations, dealkylations, or hydroxy group oxidations
25). A P450-mediated cleavage of acyl- or pyridine
sters is in some way similar to the oxidative hydroly-
is presented here (23, 24, 26), but, as stated above, we
ouldn’t observe any hint for a C4-hydroxylation of the
oumarin residues. Furthermore, a conceivable step-
ise oxidation mechanism, starting at C6, would not
llow final C4-oxidation necessary for lactone ring
pening, due to the oxidation status of the heme-iron.
o support our theory of P450-based scoparone oxida-

and mouse liver microsomes after treatment with phenytoin or
of isoscopoletin by Cyp2c29 are the major pathway in mouse liver,
rat
sis
.
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e demonstrate here that murine Cyp2c29 is sufficient
or these catalytic reactions. Moreover, addition of an
gG-fraction against Cyp2c29 to the incubation mix-
ure inhibited isoscopoletin oxidation forming [MBQ]-
ropenoate almost completely, whereas scoparone oxi-
ation forming isoscopoletin was reduced to 75% (Fig.
). These findings correlate well with the hypothesis
hat only Cyp2c29 catalyzes the oxidation of isoscopo-
etin, whereas more than one P450 is involved in the
emethylation of scoparone in mice (14, 27). The lack of
MBQ]-propenoate formation in induced rat liver is
ost likely due to the predominant induction of
YP2B1, which catalyzes the 7-demethylation of scop-
rone to scopoletin (18). Isoscopoletin, formed by the
oncurrent 6-demethylation, does not reach concentra-
ions necessary for effective oxidation and subsequent
ydrolysis.
To our knowledge, this is the first report describing

n oxidative hydrolysis reaction mediated by a cyto-
hrome P450. As evidenced by our results, such an
xidative hydrolysis seems to be mediated by CYP2C in
ice. CYP2C enzymes represent a major portion of
YP’s in liver, metabolizing a wide range of substrates
ith diverse chemical structures (28). To explain un-
sual substrate and product specificities of CYP2C’s,
xtensive studies concerning structure–function rela-
ionships have been done. CYP2C9 is a good example
n interacting differently with chemical diverse sub-
trates like (S)-naproxen, neutral phenytoin, phenyt-
in anion, and progesterone (29, 30). Obviously inter-
ction energies of the key amino acid residues
epresenting the catalytic binding site, Arg 97, Leu
02, Arg 105, Asn 202, Asp 293, and Gly 296, differ
etween these substrates. To obtain first information
bout differences between CYP2C9 binding site resi-
ue and Cyp2c29, we aligned both enzymes, revealing
0% sequence mismatch from AA97 to AA108, while
eu 102, Asp 293, and Gly 296 were consensus (data
ot shown). We conclude, that perhaps CYP2C9 will
id us in predicting the residues important for scop-
rone oxidation of Cyp2c29, although the rank order of
nteraction energies of Cyp2c29 binding sites and the
ossible substrates is unclear so far.
The 7-demethylation of scoparone in induced rat

iver and its 6-demethylation in induced mouse liver,
ndicate that scoparone represents a potentially useful
ool and a good chemical substrate for the independent
etection of either CYP2B1- or Cyp2c29-induction.
oreover, the formation of different reaction products
ay be used as a specific and sensitive indicator not

nly for induction of P450 isoforms within one species
ut also for distinguishing between P450 isoforms spe-
ifically induced by definite compounds between spe-
ies. This novel oxidative hydrolysis pathway of scop-
rone might be useful in the characterisation of specific
rug effects or metabolic activities exerted by P450’s in
38
rug interactions.
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