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Abstract—To examine the response of individual cytochrome P-4350 species catalysing the epoxidation
of aldrin (Wolff T and Guengerich FP, Biochem Pharmacol 36: 25812588, 1987), monooxygenase
systems reconstituted from these species were assayed in the presence of 5% (v/v) = 0.87 M ethanol.
The activity of cytochromes P-450p3.5 and P-450pp.p, two enzymes inducible by phenobarbital was
increased seven-fold. The activity of two other P-450 enzymes purified from these animals was either
inhibited by 50%, as observed for cytochrome P-450p3¢ or remained unchanged, as noted with
cytochrome P-450pcy g. Two P-450 enzymes purified from untreated rats, cytochromes P-450y1.5 and P-
4504113, showed an inhibition by 50 and 20%, respectively, while the activity of cytochrome P-450yr.4
was slightly increased by 50%. Indirect evidence that solvents enhance aldrin epoxidation by interacting
with the hemoprotein was obtained by the finding that ethanol stimulated the activity of cytochrome P-
450pg 5 already, before addition of the lipid component, L-a-1,2-dilauroyl-sn-glycero-3-phosphocholine.
The K,, of cytochrome P-450p5 p for NADPH cytochrome P-450 reductase was not altered by ethanol
indicating that the interaction between the two enzymes was not affected by the solvent. Other results
indicate that the stimulatory solvent binds to a site, apart from the type I or type II binding site. The
potency of various hydrophylic solvents to modify aldrin epoxidase activity was assayed in microsomes
of rats pretreated with phenobarbital and of untreated male rats. Ethanol, n-propranol, n-butanol,
acetone and tetrahydrofuran enhanced enzyme activity of phenobarbital pretreated rats to a maximal
extent of two-fold and, at similar concentrations, inhibited the enzyme activity of untreated rats by
50%. The potency of these solvents correlated with their lipophilicity. Methanol and dimethylsulfoxide
only slightly modified the activity of induced and noninduced animals. In the presence of 0.5M n-
propranol as the modifying agent, microsomal epoxidase activity of rats pretreated with pregnenolone-
16a-carbonitrile, dexamethasone, 3-methylcholanthrene and of control rats was inhibited by 60-80%,
whereas the activity of animals pretreated with phenobarbital, DDT, or the polychlorinated biphenyl
mixture, Clophen A 50, was stimulated between two- and three-fold. The results reveal that organic
solvents frequently used to dissolve monooxygenase substrates may considerably modify the activity of
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cytochrome P-450 dependent reactions, in particular when purified enzymes are assayed.

In vitro studies on the metabolism of xenobiotics
by cytochrome P-450 dependent monooxygenases
frequently require that the hydrophobic test com-
pound is dissolved by an organic solvent to supply
the enzyme with sufficient concentrations of the sub-
strate. The solvent itself may interact with the metab-
olizing enzyme [1] and may inhibit the reaction
studied [2]. Occasionally, monooxygenase depen-
dent reactions were found to be stimulated in vitro
[2~-4]. To our knowledge, there is no systematic study
on the question of how solvents affect the activity of
individual cytochrome P-450 species. It is possible
that a moderate degree of inhibition or stimulation
of a microsomal monooxygenase activity is the result
of much stronger effects of the solvent on particular

+ To whom all correspondence should be addressed.

§ Abbreviations: PB, phenobarbital; MC, 3-methyl-
cholanthrene; PCB, commercial mixture of polychlorinated
biphenyls; DDT, 2,2'-bis-(4-chlorophenyl}-1,1,1-trichloro-
ethane; PCN, pregnenolone-16a-carbonitrile; DEX, dexa-
methasone;  DLGP,  L-a-1,2-dilauroyl-sn-glycero-3-
phosphocholine. Enzymes: NADPH-cytochrome P-450
(cytochrome ¢) reductase (EC 1.6.2.4); glucose-6-phos-
phate dehydrogenase (EC 1.1.1.49).

cytochrome P-450 enzymes. Considering that these
enzymes each exhibit different but overlapping sub-
strate specificities or different preferences for par-
ticular reactions, a solvent may not only retard or
increase the overall rate of a monooxygenase reac-
tion in vitro, but may also alter the composition of
pattern of microsomal metabolites.

To examine solvent effects on a particular reaction
catalysed by various cytochrome P-450 enzymes, we
have carried out an extensive study with a number
of commonly applied organic solvents, using aldrin
epoxidation as a model reaction. Aldrin epoxidation
is catalysed by four rat liver cytochrome P-450 species
inducible by phenobarbital (PB)§ and three other
species predominantly occurring in the untreated
male rat [5]. Cytochrome P-450 species inducible by
polycyclic hydrocarbons and related compounds do
not exhibit aldrin epoxidase activity [6, 7]. Because
of its high sensitivity, aldrin epoxidation has been
successfully used for the detection.and quantification
of cytochrome P-450 activity in various tissues, par-
ticularly in those of low enzymatic activity or minute
sample size [8-16]. Earlier findings suggested that
the activity of aldrin epoxidation may be modified
by solvents: ethanol enhanced the activity of a major

4217



4218

species purified from PB-treated rats [7] and was
inhibitory for the microsomal activity of untreated
rats [17].

In this paper, microsomal aldrin epoxidase activity
of PB-treated rats was tested for modification by
various aliphatic alcohols and other commonly used
hydrophilic organic solvents. Furthermore, epox-
idase activity of animals pretreated with variousindu-
cers was assayed for response to a modifying solvent.
The results suggested that the response observed,
i.e. whether stimulation or inhibition occurred, was
probably due to the presence of particular cyto-
chrome P-450 species. Therefore, the activity of P-
450 enzymes purified from rat liver was assayed for
modification in reconstituted monooxygenase sys-
tems. Two PB-inducible species showed a dramatic
stimulation of the enzymatic activity. One of these
enzymes, cytochrome P-450p5 g, was further studied
to explore by which kind of mechanism solvents
enhance aldrin epoxidase activity.

MATERIALS AND METHODS

Chemicals. Enzymes and cofactors were purchased
from Boehringer (Mannheim, F.R.G.). Aldrin and
dieldrin, purity =99.9%, were obtained from Riedel
de Haen (Seelze, F.R.G.). n-Hexane, (“zur Riick-
standsananlyse™) was from Merck (Darmstadt,
F.R.G.) or was from Fisher Scientific (Fairlawn, NJ)
(“HPLC grade”). Other organic solvents, analytical
grade, were from Merck. PB (sodium salt) and MC
were purchased from Fluka (Neu-Ulm, F.R.G.); the
commercial PCB mixture, Clophen A-50, was from
Bayer-Leverkusen (F.R.G.), PCN was a generous
gift of Dr Schulte-Hermann (Institut fiir Krebsfor-
schung, Wien, Austria), and DEX was obtained
from Sigma Chemie (Miinchen, F.R.G.).

Pretreatment with inducers and preparation of
microsomes. Wistar rats were obtained from the
animal breeding station of the Gesellschaft fiir
Strahlen- und Umweltforschung (Neuherberg,
F.R.G.). For pretreatment with PB, males (180-
220 g) received a single i.p. injection of 80 mg/kg in
saline and subsequently 0.1% PB in their drinking
water for one week. Lower doses were given via
the drinking water containing 0.03 and 0.01% PB,
respectively, and were administered for 10 days.
Other inducers, dissolved in oil, were administered
to male Wistar rats at about seven weeks of age as
follows: MC was applied by gavage at doses of 40 mg/
kg, 48 and 24 hr prior to killing; Clophen A-50 at a
single oral dose of 500 mg/kg and the microsomes
prepared 3 days later; DDT at a single dose of
200 mg/kg body wt 5 days prior to preparation of the
microsomes. PCN and DEX were suspended in 1%
Tween 80 and were administered by gavage to
females in single doses of 20 mg/kg on 4 consecutive
days and the animals killed day after the last dose.

Cytochrome P-450 enzymes were purified from
liver microsomes of Sprague-Dawley rats obtained
from Harlan Industries (Indianapolis, IN) and
treated as described elsewhere [18]. Animals were
killed 24 hr after the last dosage. Control animals
were pretreated with the corresponding vehicles.
Preparation of liver microsomes and determination
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of microsomal protein content and cytochrome P-
450 level was performed as previously described {19].

Purification of cytochromes P-450. Enzymes were
purified and antibodies were prepared according to
procedures described elsewhere [20-22]. The
nomenclature and its rationale for the cytochrome P-
450 enzymes are presented elsewhere [20-22]. Other
preparations in the literature that appear to cor-
respond to the more significant ones dealt with in
this report include the following: P-450yr.s [21]:
male-specific P-450 [23], PB 2c [20], RLM 5 [24], P-
450 h [24]; P-450pcn.g [21]: P-450pcy [25], PB 2a [20].

Incubation procedures. To assay the effect of sol-
vents on the activity of purified P-450 enzymes, the
standard incubation mixture prepared in small test
tubes on ice contained, in 100 ul of 0.1 M phosphate
buffer, pH 7.5: 10 pmol of purified cytochrome P-
450, 20 pmol NADPH cytochrome P-450 reductase,
2 ug DLGP, 5 nmol aldrin (in 1 ul methanol), 5%
(v/¥) = 0.87 M ethanol and an NADPH-generating
system consisting of 1 umol glucose-6-phosphate,
0.05 umol NADP and 0.11.U. glucose-6-phosphate
dehydrogenase. The components were mixed using
a vortex device after addition of each component.
The reaction was started immediately after addition
of the cofactors by placing the samples into a shaking
water bath at 37° and was terminated after 5 min by
replacing the samples on ice. Ten microlitres of a
0.1 uM methanolic solution of DDE, the internal
standard, were added to every sample and the aque-
ous phase was vigorously extracted with 1 ml HPLC-
grade n-hexane. After removing the aqueous phase
the hexane extract was ready for analysis.

Aldrin epoxidase activity of microsomes was
assayed as described elsewhere [6]. The aldrin con-
centration was 50 uM; microsomal protein con-
centration was 0.5 mg/ml. Organic solvents to be
tested for their modifying effects were added to the
incubation mixture during the preincubation period
at 0°, prior to the addition of cofactors. Control
activities in the absence of methanol were deter-
mined by using a microcrystalline suspension of
aldrin prepared by ultrasonification according to the
procedure given in Ref. 19. Dieldrin was quantified
by electron-capture gas chromatography on capillary
or packed columns, as described previously [5].

Partition coefficients. Octanol-water partition
coefficients of dimethylsulfoxide and acetone were
determined by UV spectroscopy. The aqueous phase
consisted of 0.1 M phosphate buffer, pH 7.6. The
maximal wavelength of absorbtion of dimethyl-
sulfoxide was 238 nm in buffer and 243 nm in n-
octanol. The corresponding data for acetone were
266 and 274 nm, respectively. P-values are means of
three single determinations carried out with three
different concentrations between 0.1 and 0.7M of
dimethylsulfoxide and of acetone.

RESULTS

Modifying effects of ethanol on aldrin epoxidase
activity of various cytochrome P-450 enzymes puri-
fied from rat liver

Seven major purified rat liver cytochrome P-450
species known to exhibit aldrin epoxidase activity [5]
were analysed for modification by 5% (v/v) =
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Table 1. Effect of ethanol on aldrin epoxidase activity of
various cytochrome P-450 species in reconstituted mono-
oxygenase systems

Modification of epoxidase activity
due to ethanol

P-450 enzyme (% of control)
P-450y1.4 150 = 24 (6}
P-450yrr 52x5(3)
P-450y 1 81+20(3)
P-450p5 5 680 =23 (8)
P-450p; 51+16(3)
P-450;3p 740 = 160 (4)
P-450pcne 106 = 19 (4)

The composition of the reconstituted monooxygenase
systems was the same as used for determination of aldrin
turnover numbers [5]. Numbers of single determinations
(+SD) performed at various molar ratios of cytochrome P-
450 versus NADPH cytochrome P-450 reductase between
1:10to 1:2 are given in parentheses. Ethanol concentrations
was 0.87 M (5% v/v). For further experimental details see
Materials and Methods. Turnover numbers in the absence
of ethanol were: P-450,1., 3.10, P-45015 0.82, P-450y1.y
0.87, P-450pp.5 0.68, P-450p5c 1.63, P-450,5, 0.21, P-
450p5pcne 0.40 nmol dieldrin/min/nmol P-450, respect-
ively.

0.87M ethanol in reconstituted monooxygenase
systems (Table 1). Cytochromes P-450pgp and
P-450ps p purified from animals pretreated with
PB showed a seven-fold increase in epoxidase
activity. The activity of cytochromes P-450r.¢ and
P-450y1.4, two enzymes purified from untreated ani-
mals, and of cytochrome P-450pp.c, another form
purified from animals pretreated with PB, was in-
hibited by ethanol. Epoxidase activity of P-450yr.a,
the major species of untreated males, was slightly
enhanced by ethanol. No significant change was
observed for the activity of P-450pcngp, a form
inducible by PCN and by PB [21, 26].

Studies on the mechanism of the stimulation effect

The effect of ethanol on steady state kinetics of
aldrin epoxidation by cytochrome P-450ppp was
determined in a reconstituted monooxygenase sys-
tem consisting of 50 nM cytochrome P-450, 125 nM
NADPH-cytochrome P-450 reductase and 20 ug/ml
DLGP. Aldrin epoxidase activity was measured at
substrate concentrations between 1 and 20uM
aldrin. The Lineweaver-Burk diagram revealed a
K., of 1 uM for aldrin. In the presence of 0.87M
ethanol the K, value of this system was increased to
3.3 uM. In the same system, aldrin epoxidase activity
was determined as a function of reductase con-
centration at a fixed concentration of cytochrome P-
450pg.g. The incubations were carried out at various
reductase concentrations between 50 and 1000 nM
and a fixed cytochrome P-450 concentration of
100 nM. The aldrin concentration was 50 uM. Etha-
nol did not significantly alter the K,,-value of cyto-
chrome P-450pyp5 for the reductase, which was
160 nM.

The role of the lipid factor, DLGP, was also exam-

BP 38:23-F
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Fig. 1. Stimulation of cytochrome P-450p5p dependent
aldrin epoxidase by ethanol: requirement for DLGP.
Enzyme activity was determined in a reconstituted mono-
oxygenase system composed of 100nM cytochrome P-
450pp.p and 100 nM NADPH-cytochrome P-450 reductase
in the presence (O—O) and in the absence (@—@) of
ethanol. Concentration of aldrin was 20 uM and of ethanol
0.87M.

ined (Fig. 1). Addition of the lipid was not par-
ticularly essential for the cytochrome to express
enzyme activity under these conditions. Aldrin epox-
idase activity in the absence of the lipid was only
eénhanced two-fold when increasing amounts of
DLGP were added. Ethanol, at a concentration of
0.87M, strongly stimulated enzyme activity in the
absence of added lipid by a factor of about 10.
Addition of lipid increased the enzyme activity by
about 50% only.

To prove for the involvement of the type Il binding
site at the hemoprotein, the type-Il binding
compound, pyridine [27], was analysed for its mod-
ifying effect on aldrin epoxidase activity of micro-
somes from PB treated rats. No stimulation of
enzyme activity was observed up to a concentration
of 260 mM pyridine.

Modification of microsomal aidrin epoxidase activity
by various organic solvents in untreated and PB-
pretreated rats

A series of commonly used organic solvents
inhibited aldrin epoxidase activity of untreated rats,
except for methanol, which was ineffective up to a
concentration of 3M (Fig. 2, open circles). The
alcohol concentration required to inhibit enzyme
activity by 50% decreased with increasing length of
the aliphatic hydrocarbon chain. The corresponding
Iso-values were 1.3 M, 0.25 M and 0.05 M for ethanol,
n-propanol and n-butanol, respectively. Of the non-
alcoholic solvents, tetrahydrofuran was a strong
inhibitor, similar to butanol. Acetone was mod-
erately inhibitory and dimethylsulfoxide was slightly
inhibitory.

By contrast, aldrin epoxidase activity in micro-
somes from PB treated animals was enhanced by
most solvents. The maximum extent of enhancement
was about two-fold of the control activity determined
in the absence of the solvents (Fig. 2, closed circles).
Dimethylsulfoxide had no effect on the enzyme
activity up to a concentration of 0.8 M. Methanol
moderately enhanced epoxidase activity. “S,,”, the
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Fig. 2. Modification of microsomal aldrin epoxidase activity
by organic solvents. Aldrin epoxidase was determined in
the presence of the organic solvents indicated using liver
microsomes of rats pretreated with PB (@—@) or of
untreated rats (O—O). Control activities were: 9.0 and
3.8 nmol dieldrin/mg protein/min for PB- and untreated
animals, respectively. Each point represents the mean of
two independent determinations, the variation of which
was 10%. The control activity in the absence of methanol
was determined utilizing a microcrystalline, aqueous sus-
pension of aldrin prepared by ultrasonication (see Materials
and Methods).

solvent concentration causing maximal stimulation,
was: 0.12M for n-butanol, 0.21M for tetra-
hydrofuran, 0.25 M for n-propanol, 0.6 for acetone
and 1.0 M for ethanol.

The stimulation effect of a-propranolol was ana-
lysed in microsomes prepared from animals pre-
treated with various doses of PB. A stimulation of
aldrin epoxidase activity was still observable when
the animals had received one third of the PB-dose
generally applied. At one tenth of the dose, a bimo-
dal response was observed indicating that pro-
pranolol was only effective as a stimulator of enzyme
activity at high concentrations of about 0.5 M.

The potency of a solvent to inhibit or to enhance
microsomal aldrin epoxidase activity was inversely
correlated to its lipophilicity, expressed by the
octanol/water partition coefficient P. A linear
relationship between log P and log(1/1s) and log(1/
S..2x) Was observed (Fig. 3). This relationship cor-
responds to the equation log (1/concentration) = a
log P + b, established by Hansch and Leo 28] for
the relationship between the biologically effective
concentration and the partition coefficient of a series
of lipophilic compounds.
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Fig. 3. Relation of 1s; and §,,,,, to the octanol water partition

coefficient P, The data for 1, (@—@®) and S, (O—O)
were taken from Fig. 2 and plotted in logarithmic scales.
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Fig. 4. Effect of n-propanol on microsomal aldrin epoxidase
activity of variously pretreated rats. Enzyme activities were
determined in the presence of increasing concentrations of
n-propanol, as given in Materials and Methods. Aldrin
epoxidase activity of animals pretreated with Clophen A-
50, DDT and MC, was 97, 160 and 52%, respectively, of
the activity of untreated males, which varied between 2.1
and 5.8 nmole dieldrin/mg protein/min. PCN and DEX
increased the activity of untreated females of
0.62 + 0.08 nmol dieldrin/mg protein/min by 407 and
422%, respectively. The curves represent the means of two
individuals.

Modifying effect of n-propanol on aldrin epoxidase
activity of animals pretreated with various inducers

n-Propanol inhibited microsomal aldrin epoxidase
from animals pretreated with MC, PCN and DEX
{Fig. 4). By contrast, the solvent stimulated the
activity of PCB-pretreated animals by a factor of
three, and the activity of DDT-pretreated animals
two-fold.
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DISCUSSION

Aliphatic alcohols, ketones and ethers are gen-
erally known as inhibitors of monooxygenase reac-
tions. The present study revealed that, in addition
to being inhibitors, these solvents were also capable
of enhancing the rate of a monooxygenase reaction.
The enhancement of aldrin epoxidase activity
described here provides one of the rare examples
that organic solvents stimulate a monooxygenase
reaction. Another example is the enhancement of
aniline p-hydroxylation by acetone observed with
microsomes from control and PB-pretreated rats
[2, 3]. Ethanol was shown to stimulate the activity of
arylhydrocarbon hydroxylase in rat kidney micro-
somes [4]. The mechanism underlying these effects
however, is not known.

The monooxygenase system reconstituted from
cytochrome P-450p5.5 provided a suitable system to
further explore the enhancing effect of solvents.
Ethanol in this system did not alter the X, of cyto-
chrome P-450pp.5 for the reductase, indicating that
ethanol did not increase the activity by improving
the interaction between the reductase and the hemo-
protein, a mechanism that is thought to underlie the
stimulatory effect of phospholipids on ethoxy-
coumarin deethylation in reconstituted monooxy-
genase systems [29]. Furthermore, the phospholipid
component was not essential, since ethanol had
stimulated the activity of cytochrome P-450p535
already, before the phospholipid factor was added
to the system. Increasing amounts of the lipid stimu-
lated the activity only to a moderate extent, irres-
pective of whether ethanol was present or not. It
appears that solvents enhance PB-inducible aldrin
epoxidase rather by directly interacting with the
hemoprotein than by facilitating the interaction
between the hemoprotein and the reductase or by
directly affecting the lipid component.

Further evidence that organic solvents directly
interact with the hemoprotein is derived from sub-
strate binding spectra. Alcohols and ketones elicit a
“modified type-II" spectral change. It was concluded
that this type of spectral change was the result of an
interaction at both the type I binding site, where
most substrates bind and at another site, possibly the
type II binding site [30] or a site apart from the type
II binding site {31]. Our finding that the type II
binding compound, pyridine {27], did not stimulate
microsomal epoxidase activity from PB-treated ani-
mals indicates that the enhancing effect is not caused
by interaction at the type II site. Likewise, binding
at the type I binding site seems not to be involved in
the enhancing effect, since solvents binding at this
site would interfere with the metabolism of the sub-
strate and would be inhibitory.

These findings lead us to postulate a solvent bind-
ing site or binding region at cytochromes P-450pp.p
and P-450pp.p, apart from the type I and type II
substrate binding sites. This interpretation based on
results on the catalytic activity of purified P-450
species, substantiates the previous assumption of a
particular solvent binding site, which was deduced
from microsomal binding spectra of alcohols and
ketones [31] and of hydrocarbons dissolved in these
solvents [32].
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In microsomes the response of aldrin epoxidase
activity to the modifying solvent varied with the type
of induction: the activity of PB-, DDT- and PCB-
induced animals was stimulated by the modifying
solvent, while inhibition was the response observed
for control, MC- and hormone-treated animals,
These findings suggested that the response observed
may be due to the predominating contribution of
particular cytochrome P-450 enzymes. The two
enzymes exhibiting the highest degree of stimulation
in reconstituted monooxygenase systems, cyto-
chromes P-450pgp and P-450pp.p, probably are
responsible for the stimulation effect observed with
microsomes from animals pretreated with PB and
PCB. The relative portion of these P-450 enzymes is
tremendously augmented from 2% to 50% and to
25% of total cytochrome P-450 by PB- and PCB-
induction, respectively [20,21]. Both inducers do
not considerably alter the relative amount of other
enzymes the activity of which is inhibited or slightly
increased by solvents, such as cytochromes P-
450pp.c, P-450y1.5, Or is slightly affected, as observed
for P'450UT-A and P“450PCN'E [20, 21} The stimu-
lation effect observed with microsomes from DDT-
pretreated animals is in line with the finding that
the pattern of monooxygenase activities induced by
DDT resembles the pattern of activities after PB
pretreatment [33]. The inhibition effect observed
with untreated, MC- and hormone-pretreated ani-
mals, on the other hand, corresponds to the preva-
lence of inhibitable or insensitive enzymes,
cytochromes P-450pp ¢, P-450yr.F, P-450yt.4 and P-
450pcn.g and to the low abundance of cytochromes
P-450pg 5 and P-450py.p, in these microsomes {20, 21].
Major groups of aldrin epoxidizing cytochrome P-
450 species thus may be roughly differentiated in
vitro by employing the modifying effect of solvents.

Another aspect of this study to be discussed here
is the possibility that the solvent effects observed for
aldrin epoxidation may also pertain to the metab-
olism of other lipophilic monooxygenase substrates;
in particular, when microsomes from animals pre-
treated with PB or PB-like inducers are applied.
Regarding Michaelis-Menten Kkinetics, a modifying
solvent present in every sample at the same con-
centration may alter the K, and V,,,, value as com-
pared to a procedure, where the substrate had been
dissolved by a solvent exhibiting marginal modifying
effects, such as methanol. If the test compound is
added from one stock solution, the double reciprocal
plots may deviate from linearity at high substrate
concentrations, since at high substrate concentra-
tion, i.e. high solvent concentrations, the enhancing
effect of the solvent becomes efficacious. A method
to exclude solvent effects would be to employ
solvent-free substrate suspensions prepared by ultra-
sonication. These suspensions have been successfully
used to determine enzyme Kkinetic parameters for
microsomal PCB-hydroxylation [19] and aldrin epox-
idation, as shown in this paper. If not practicable,
solvents of low lipophilicity, such as methanol or
dimethylsulfoxide, are preferable.

In conclusion, our results show that organic sol-
vents may considerably modify the activity of several
major cytochrome P-450 species in vitro. Accord-
ingly, the metabolite pattern of a lipophilic mono-
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oxygenase substrate may be also varied. This
conclusion may be significant for in vitro studies
on the oxygenation of drugs, toxic compounds and
carcinogens metabolized by distinct cytochrome P-
450 species, particularly by PB-inducible enzymes
{34-36].
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