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Abstract—The degradation of the heme of hepatic microsomal evtochromes P-430 by fluroxene (2.2,2-
trifluoroethyl vinyl ether) and allyl-iso-propylacctamide (ATA) was characterized. Ky, and V,,,, values
and pseudo first-order rate constants for the degradation of the heme of hepatic microsomal cytochromes

roethanol were measured. Based on these results and on data from the literature, eight possible reaction
schemes were proposed for the degradation of cytochromes P-450 by AIA and fluroxene. The reaction
schemes were evaluated by computer analysis in terms of how closely they could mimic the experimental
results for the degradation of cytochromes P-430 in virro and in vivo. It was concluded that suitable
reaction schemes for the degradation of the heme of hepatic microsomal cytochromes P-450 by AIA
and fluroxene incorporated the following characteristics: Transient reactive species of ATA and fluroxene
were formed by at least two forms of cytochrome P-450. The reactive species. once produced. degraded
the same form of the enzyme (e.g. phenobarbital-induced cyvtochrome P-450) and possibly even the
same enzyme molecule that produced it. It appears that the enzyme-substrate complex that gives rise
to the production of the transient reactive species may be distinct from the typical evtochrome P-450-
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substrate complex that gives rise to a Type I difference spectrum.

The porphyrinogenic ~ compound allyl-iso-
propylacetamide (AIA) and the anesthetic agent
fluroxene (2,2,2-trifluoroethyl vinyl ether) degrade
the heme of hepatic cytochromes P-450 in vivo and
in vitro [1-7]. The product of these reactions appears
to be an adduct of a metabolically activated form of
either compound with a vinyl side chain of the heme
moiety of cytochromes P-450 [8] (K. M. Ivanetich
and J. J. Bradshaw, unpublished results). The
enzyme system catalyzing the metabolic activation
of these compounds appears to be the hepatic micro-
somal cytochrome P-450 enzyme system, but there
does not appear to be a clear relation between the
extent of metabolism of each compound by the
cytochrome P-450 system and the extent of its degra-
dation of cytochromes P-450 [1.2.5,7].

AITA does not produce a difference spectrum with
hepatic microsomal cytochromes P-450 and appears
not to be extensively metabolized to stable. readily
isolable products by this enzyme svstem, vet the
extent of degradation of cytochromes P-450 by ATA
is enhanced by the induction of cytochrome P-450
with phenobarbital [1, 3, 5, 9].

In contrast to AIA, fluroxene binds as a Type |
substrate to cytochrome P-450, and the first step in
the metabolism of fluroxene in vivo and in vitro (i.c.
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its conversion to 2,2.2-trifluoroethanol and other
products) is known to be catalyzed by the hepatic
microsomal cytochrome P-450 system |7, 10]. A form
of cytochrome P-450 that is induced by phenobarbital
appears to be the major form of the enzyme that
binds and metabolizes fluroxene. Cvtochrome P-448,
the form of cytochrome P-450 induced by 3-methyl-
cholanthrene, does not appear to bind fluroxene or
convert it to 2,2,2-triffluoroethanol to a measurable
extent |7, 10]. The degradation of cytochromes P-
450 by fluroxene is. however. stimulated both by the
induction of cytochrome P-450 with phenobarbital
and by the induction of cytochrome P-448 with 3-
methylcholanthrene [5-7, 10].

The specificities of AIA and fluroxene in degrading
different forms of cytochrome P-450 differ: AIA is
nonspecific for several types of cytochrome P-450 in
phenobarbital-induced rats, but appears to specifi-
cally degrade the form of the enzyme induced by
phenobarbital in rats pretreated with 3-methylchol-
anthrene. Fluroxene also nonspecifically degrades
multiple forms of cytochrome P-450 in phenobar-
bital-induced rats but, in contrast to AIA, prefer-
entially degrades cvtochrome P-448 in 3-methyl-
cholanthrene-induced rats [11].

We have attempted to gain further insight into the
mechanisms of the degradation of hepatic cyto-
chromes P-450 by AIA and fluroxene. Toward this
aim, the degradation of cytochromes P-450 by these
compounds and the production of 2.2,2-trifluoro-
ethanol from fluroxene have been characterized
experimentally by determining—where not available
in the literature—the pseudo first-order rate con-
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stants (K.,). Kiyand V, values. and other par-
ameters characteristic of these reactions. Based on
the results reported here and elsewhere. several pos-
sible reaction schemes have been proposed. These
schemes were evaluated, using computer analysis,
in terms of how closely they were able to mimic the
experimental results for the degradation of cyto-
chrome P-450 by AIA and fluroxene and for the
metabolism of fluroxene to 2,2 2-trifluorocthanol by
cytochrome P-450.

Specifically, the reaction schemes were chosen to
assess: (1) which forms of cytochrome P-450 convert
ATA and fluroxene to reactive metabolities that are
capable of chemically modifying the heme of cyto-
chromes P-450); (2) whether AIA and fluroxene give
rise to reactive metabolites that are transient
enzyme-bound species: and (3) whether reactive
species produced from AIA or fluroxene by one
form of cytochrome P-450 can degrade another form
of the enzyme.

EXPERIMENTAL

Materials. Fluroxene (2.2.2-trifluoroethyl vinyl
ether) was purchased from Ohio Medical Products,
Madison, WI, U.S.A. Ethy! vinyl ether and divinyl
ether were from Fluka, Buchs. Switzerland, and
Maybaker, Port Elizabeth, South Africa. respec-
tively. 2.2,2-Trifluoroethanol and trifluoroacetic acid
were purchased from Merck Chemicals, Darmstadt,
F.R.G. Trifluoroacetaldehyde was from ICN Phar-
maceuticals. Plainview. NY. U.S.A. 2.2.2-Trifluo-
roethyl ethyl cther was prepared as described pre-
viously [5]. ATA was a gift from Hoffman-La Roche
Ltd.. Nutley. NJ, U.S.A. NADPH and the com-
ponents of the NADPH-generating system were
obtained from Miles Laboratories, Cape Town,
South Africa. EDTA was obtained from BDH
Chemicals, Poole. U.K. Cylinders of compressed
gases were from Afrox Ltd., Cape Town. South
Africa. Water was distilled and deionized.

Treatment of animals. Male Wistar rats (180-220 g)
were used for all experiments. Animals were given
phenobarbital or 3-methylcholanthrene by intraper-
itoneal injection as described earlier [6].

Preparation of hepatic microsomes. Hepatic micro-
somes were prepared by gel filtration on Sepharose
2B equilibrated with 0.15M KC1-0.02 M Tris-HCI,
pH 7.4, according to the method of Tangen et al.
[12]. The microsomes were used in all experiments
at a concentration of 2 mg protein/ml 0.02 M Tris—
HCI, pH 7.4. Protein concentration was determined
by the method of Lowry er al. [13]. as modified by
Chaykin [14], using bovine serum albumin as
standard.

Hepatic microsomal NADPH oxidation. The
oxidation of NADPH was monitored spectrally at
340 nm at 30° [10]. To the sample cuvette containing
3ml hepatic microsomes was added fluroxene or
2.2 2-trifluoroethyl ethyl ether. and the mixture was
vortex mixed for 30 sec. Where required, AIA was
then added. and the reaction was initiated with the
addition of NADPH (0.2 mM, final concentration).
Refercnce cuvettes contained microsomal suspen-
sion only. Background rates of NADPH oxidation
were measured in the presence of substrate under
an atmosphere of CO:0, (80:20 v/v) [15].
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Composition of incubation mixires. For the
determination of K, and V,, values for the degra-
dation of cytochrome P-450 by AIA. incubation
mixtures contained hepatic microsomes (2 mg pro-
tein/ml), EDTA (0.2 mM) and an NADPH-gener-
ating system (0.4mM NADP. 7.5mM glucose-0-
phosphate, 0.5 units/ml glucose-6-phosphate dehy-
drogenase, 1 mM nicotinamide and 5 mM Mg(Cl.)
and variable amounts of ATA in 0.02M Tris—HCY,
pH 7.4, the reaction being initiated with the addition
of the NADPH-generating system-EDTA mixture.
The losses of cytochrome P-4350 reported as a tune-
tion of time are relative to zero time samples of
identical composition. The reported values have
been corrected for the losses of cvtochrome P-450
seen with incubation mixtures prepared as above.
but in the absence of AIA. Incubations were at 30
with shaking at 60 cycles/min for 7 min. References
for the spectral assay comprised hepatic microsomal
suspensions that had been incubated for the same
period of time as the samples.

For studies of the degradation of hepatic micro-
somal cytochromes P-450) by analogues and metab-
olites of fluroxene, incubations were carricd out as
described for AIA. except that AIA was omitted
from the reaction mixture and the analogues and
metabolites were. where necessary. dispersed in the
microsomal suspension by vortex mixing tor 30 sec.
An incubation time of 30 min was used in these
experiments.

For determination of the first-order rate constants
for the degradation of cytochromes P-450 by ATA

roethanol, incubation mixtures were prepared as
described above, except that 5.0 mM AIA or 30 mM
fluroxene was added to the hepatic microsomes
before the initiation of the reaction. and the flurox-
ene was dispersed in the microsomal suspension by
vortex mixing for 30 sec. At every eighth minuate
additional (.4 mM NADP, 7.5 mM glucosc-6-phos-
phate and 0.5 units/ml glucose-6-phosphate dehy-
drogenase were added to the incubation mixture
through the serum cap. A separate incubation mix-
ture was used for each time point required. Incu-
bations were at 30° with shaking at 60 cycles/min for
0-65 min.

Assays. The levels of hepatic microsomal cvto-
chromes P-450 were determined from the difference
spectrum of CO-ferrocytochrome P-450 versus fer-
rocytochrome P-450) according to the method of
Omura and Sato [16]. An extinction coefficient of
91mM ' cm™' for the difference in absorbance
between 450 and 490 nm was used [16]. Microsomal
heme was determined spectrally as the reduced pyr-
idine hemochrome according to Omura and Sato
[]6] (5557,575 nm 32.4mM” "em” I).

2.2.2-Trifluoroethanol was measured in incubation
mixtures by gas—liquid chromatography as described
by Gion er al. [17] using a Beckman GC-M gas
chromatograph. Peak arcas were determined by a
Pye Unicam DP88 computing integrator.

For all spectral studies. a Pve Unicam SPI800
spectrophotometer was used. The thermostatically
controlled compartment adjacent to the photomul-
tiplier designed to accommodate turbid samples was
used for all microsomal samples.
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Fig. 1. Lineweaver-Burk plot of the inhibition by AIA of
the stimulation of hepatic microsomal NADPH oxidation
by 2,2,2-trifluoroethyl ethyl ether (TFEE). Key: v,
Az n/min; TFEE concentration, mM. Reaction mixtures
contained hepatic microsomes from phenobarbital-induced
rats (2.0 mg protein/ml). NADPH (0.2 mM), and 2.,2.2-
trifluoroethyl ethyl ether in the presence (@) and absence
(M) of 3mM AIA. Reaction temperature was 30°.

Calculations and statistical analysis. Inhibition con-
stants (K;), Michaelis (K,,) constants and maximal
rates of metabolism (V) were calculated from
Hanes and Eadie-Hofstee plots. Pseudo first-order
rate constants (k) were calculated from plots of
In(A. — A,) vs time where A.. and A, are the absorb-
ances (or concentrations) of the substance at infinity
and at time ¢, respectively.*

Student’s r-test for unpaired data was used to assess
the significance of the difference between means.
The difference was considered significant when P <
0.01. Results are reported as means = S.D.

Reaction schemes were assessed using the mimic
program on a Univac model 1180 computer. The
mimic program—a digital simulation program—was
written by H. E. Petersen and F. J. Samson of the
Systems Engineering Group of Wright-Patterson Air
Force Base in May 1965. The program was updated
in July 1967 by the 1.S.D. systems group of Univac
and is commercially available from this firm.
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Fig. 2. Hanes plot of the AIA-mediated degradation of

cytochromes P-450 in hepatic microsomes {rom phenobar-
bital-induced rats. Key: AIA concentration, mM: v, rate
in uM cytochromes P-450/7 min. Reaction mixtures con-
tained hepatic microsomes (2 mg protein/ml). EDTA (0.2
mM), NADPH-generating system, and AIA in 0.02 M
Tris-HC}, pH 7.4. Incubations were at 30° for 7 min.

* Relative to the concentration of cytochromes P-45()
(ca. 3 uM).
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RESULTS AND DISCUSSION

Interaction of AIA with the hepatic microsomul
cytochrome P-450 system. Because AIA does not
reproducibly give rise to a difference spectrum of
significant magnitude with hepatic microsomal cyto-
chromes P-450 [8], the equilibrium constants for the
interaction of AIA with cytochromes P-450 were
calculated from measurements of the inhibition by
AIA of the hepatic microsomal metabolism of flu-
roxene and 2.2.2-trifluoroethyl ethyl ether. The
metabolism of these anesthetic ethers was assessed
by their stimulation of CO-inhibitable NADPH
oxidation, which has been shown to be equivalent
to the production of 2.22-trifluoroethanol from
these compounds [7, 10].

With microsomes from phenobarbital-induced
rats, AIA competitively inhibited the fluroxene and
2,2, 2-trifluoroethyl ethyl ether mediated stimulation
of CO-inhibitable NADPH oxidation (see. ¢.g., Fig.
1). The K,values for AIA were 1.19 mM and 1.04 mM
in the presence of fluroxene and 2.2 2-trifluoroethyl
ethyl ether, respectively. Inasmuch as these K, values
are similar to the K, of 1.03 mM calculated from the
data of Sweeney and Rothwell [9] for the inhibition
by AIA of the binding of hexobarbital to cyto-
chromes P-450 in hepatic microsomes from pheno-
barbital-induced rats, it would appear that NADPH
had no effect on the K;for ATA.

Kuand V.. for the degradation of cvtochromes P-
450 by AIA. The rate of degradation of cytochromes
P-450 by AIA in hepatic microsomes from pheno-
barbital-induced rats was linear for approximately
7min. The K, and V,,, values for the degradation
of hepatic microsomal cytochromes P-450 by AlA
under these conditions were, therefore. calculated
using the initial rate of degradation of cytochromes
P-450 over this time period.

The degradation of cytochromes P-450 by AIA in
phenobarbital-induced hepatic microsomes was
characterized by a K;,0f 0.44 = (.18 mM and a V,,,
0f0.98 + 0.16 uM cytochromes P-450 degraded/7 min
(Fig. 2). The degradation by AIA of cytochromes
P-450 in microsomes from uninduced and 3-methyl-
cholanthrene-induced rats was too slight to permit
accurate determination of K, and V,,, values.

Kinetics of the degradation of c¢vtochromes P-450
by AIA. The rate of degradation of hepatic micro-
somal cytochromes P-450 was monitored at an excess
concentration® of AIA (5 mM). using microsomes
from 3-methylcholanthrene-induced, phenobarbital-
induced, and uninduced rats. The degradation of
cytochromes P-450 by AIA was pseudo first-order
with respect to cytochromes P-450 in microsomes
from phenobarbital-induced rats (Fig. 3), with a
pseudo first-order rate constant (k..) of 5.2 =
0.8 x 10~ min~'. For AIA with microsomes from
3-methylcholanthrene-induced or untreated rats, the
degradation of cytochromes P-450) was too slight to
permit the determination of the order of the reaction
or the calculation of rate constants. With microsomes
from untreated, 3-methylcholanthrene-induced and
phenobarbital-induced rats. the degradation of cyto-
chromes P-450 by AIA was 0.30 = (.02, 0.46 = 0.10
and 2.58 + 0.24 uM/65 min.
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Fig. 3. Degradation of hepatic microsomal cytochromes P-
450 by AIA as a function of time in microsomes from
phenobarbital-induced rats. Inset: In[cytochromes P-4350)]
vs time. Reaction mixtures contained hepatic microsomes
(2 mg protein/ml), EDTA (0.2 mM), NADPH-generating
system, and AlA (5 mM). Incubations were at 30°.

from fluroxene and 2.2 2-trifluoroethyl ethyl ether.
The production of 2,2,2-trifluoroethanol from flu-
roxene followed pseudo first-order kinetics in micro-
somes from phenobarbital- and 3-methylcholan-
threne-treated or untreated rats (see, e.g.. Fig. 4).
The first-order rate constants for the production of
2,2 2-trifluoroethanol from fluroxene for micro-
somes from untreated, 3-methylcholanthrene- and
phenobarbital-pretreated rats were found tobe 4.3 +
1.0x 1072, 34*x09%x 107 and 3.7 1.0x 10"
min~'. The reaction was expected to be pseudo first-
order as a consequence of the pseudo first-order
degradation of cytochromes P-450. The production
of 2,2,2-trifluoroethanol was 250 + 10, 236 + 10 and
728 + 30 uM/65 min for microsomes from untreated,
3-methylcholanthrene-induced and phenobarbital-
induced rats, respectively.

The production of 2.2.2-trifluoroethanol from
2.2 2-trifluoroethyl ethyl ether—which does not
degrade cytochromes P-450 [5, 6]—followed zero-
order kinetics with microsomes from phenobarbital-
induced rats (Fig. 4). A rate of 33 =3 uM 22.2-
trifluoroethanol/min was obtained for microsomes
from phenobarbital-induced rats.

Effects of metabolites and analogues of fluroxene
on the levels of hepatic microsomal cytochromes P-
450 and heme in vitro. None of the reported or
proposed metabolites of fluroxene, including 2.2.2-
trifluoroethanol (69 mM), trifluoroacetaldehyde
(37 mM), trifluoroacetate (200 mM) or bicarbonate
(32 mM)* [7. 18, 19], had any effect on the level of

* The only known metabolite not assayed was 2.2,2-
trifluoroethanol glucuronide, a derivative that is thought
to be devoid of physiological effects.

+ Bicarbonate docs not affect the level of cytochromes
P-450 in microsomes from phenobarbital-induced rats. A
preliminary report to the contrary incorrectly used values
that were not corrected for the losses of cytochromes P-
450 seen in the presence of hepatic microsomes plus an
NADPH-generating system [20].
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function of time by hepatic microsomes from phenobar-
bital-induced rats. Trifluorocthanol concentration. arbi-
trary units. Incubation mixtures contained hepatic micro-
somes (2mg protein/ml), EDTA (0.2mM), NADPII-

rocthyl cthyl cther (30 mM) in 0.02 M Tris-HCL pIHL 7.4,
at 307

hepatic microsomal cytochromes P-430 or heme in
microsomes from 3-methylcholanthrene-induced
rats, under conditions where fluroxene degraded
considerable amounts of this hemoprotein (data not
shown). These results are identical to those pre-
viously obtained with phenobarbital-induced rats
[20]+.

The analoguces of furoxene—cthyl vinvl ether and
diviny! ether—significantly decreased the levels of
cytochromes P-450 and heme in hepatic microsomes
from 3-methylcholanthrene-induced rats. the losses
of heme/cytochromes P-450being 0.21 £ 0.13/0.22 ©
(.03 and 0.38 = 0.04/0.55 = 0.04 for cthyl vinvl ether
and divinyl ether, respectively. 2.2.2-Trifluoroethyl
ethyl ether was without effect on the level of eyto-
chromes P-450 in hepatic microsomes from 3-methyl-
cholanthrene-induced rats (data not shown). These
results demonstrate that the heme of cyvtochromes
P-450 is not modified by any known stable metabolite
of fluroxene in microsomes from 3-methvicholun-
threne-induced rats and suggest that the degradation
of cytochromes P-430 15 mediated by un activated
form of the vinyl moiety under these conditions.

Reaction schemes for the degradation of cvio-
chromes P-450 by AlA and fluroxene. Six reaction
schemes. chosen on the basis of experimental data
reported here and elsewhere, were devised for the
degradation of hepatic microsomal cvtochrome P-
450 hemoproteins by AITA and fluroxene. The pro-
posed reaction schemes for fluroxenc are presented
in Table 1. Because the cytochrome P-430-dependent
conversion of fluroxene to 2.2 2-trifluorocthanol has
been well characterized. this reaction is included in
the schemes for fluroxence. The reaction schemes for
AIlA are identical to those for fluroxene except that

trifluoroethanol) has been set to zero in the schemes
for AIA since the metabolism of ATA by cvto-
chromes P-450 occurs. at most. only at a slow rate
and has not been well characterized.

For the reaction schemes. the levels ot the sub-
strates and the various forms of cytochrome P-450
were as follows: The levels of ATA and fluroxene
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Table 1. Reaction schemes for the degradation of cyto-
chrome P-450 hemoproteins by fluroxene*

Scheme 1
ki k3

F+ PBASO = [F-PB4S0] — TFE + PB450
k k3

M
M + PB450 w45
M+ P48 ) g
Scheme 27

3] k3
F + PB450 = [F-PB450] — TFE + PB450

k2

ks k7 kg
F+P448 < [F-P448] — M + P448 — X448

-~

k3

M + PB450 *, x50

Scheme 3

>

k3

F + PB450 [F-PLB45{)] — TFE + PB450
3}

1N

X450

-
¥

k9

F+ P48 = [F-P448] — X448

Scheme 4
I
F + PB450 < [F-PB450] — TFE + PB450
k> kylths

ke
[F-PB450] — X450
k7 ko

F + P448 < [F-P448] — X448
Ay

Scheme 5

F + PB450 ;—_L [F-PB450] i; TFE + PB450
I’ ko

F + PB450 A—% |F-PB450}: — X450
k7 &y

F+ P48 == |F-P448] — X448

ks

Scheme 6
I

k1 E

F + PB450 2 [F-PB430] — TFE + PB450
k2
4

I3
F + PB450 X450

ks

F+Pdas 3y

* Abbreviations used are: F, fluroxene; PB430, pheno-
barbital-induced form of cytochrome P-450; P448, cyto-
chrome P-448; X450 and X448, degraded forms of PB450
and P448, respectively; TFE. 2,2,2-trifluoroethanol; M,
rcactive metabolite; and {F-PB450]%, an enzyme-substrate
complex differing from [F-PB450].

+ Schemes 1A and 2A are modifications of schemes 1
and 2 where M reacts with the [F-PB450] and [F-PB448]
complexes, rather than with free PB450 and P448, in the
step of the reaction producing X450 and X448.

BP 29-20 G
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were 5.0 mM and 30.0 mM, respectively. The levels
of the phenobarbital-inducible form of cytochrome
P-450 were set at 1.96 and 0.75 uM in hepatic micro-
somes from phenobarbital-induced and 3-methyl-
cholanthrene-induced rats, respectively. The levels
of cytochrome P-448 were set at 1.4 and 2.0 uM in
hepatic microsomes from phenobarbital-induced and
3-methylcholanthrene-induced rats. These levels of
cytochrome P-450 hemoproteins were approxima-
tions based on information available in the literature
[21-27].

The proposed reaction schemes were assessed by
comparison with the following experimental data:
(1) the K, values for AIA and the K, values for
fluroxene for their interactions with the hepatic
microsomal cytochromes P-450 in vitro (see Results
and Discussion) [9, 10]: (2) the Ky and V,, values
for the degradation of cytochromes P-450 by AIA
and fluroxene and for the conversion of fluroxene
to 2,2 2-trifluoroethanol by hepatic microsomes in
vitro (see Results and Discussion) [7]; (3) the relative
extents of degradation of different forms of cyto-
chrome P-450 by AIA and fluroxene in vivo [11];
and (4) the pseudo first-order rate constants (k)
for the degradation of cytochromes P-450 by AIA
and fluroxene and for the production of 2.2 2-tri-
fluoroethanol from fluroxene by hepatic microsomes
in vitro (see Results and Discussion) [20].

The exact values of the parameters that were used
to assess the reaction schemes are given Tables 24
for comparative purposes.

In assessing each reaction scheme, the rate con-
stants (e.g. ki, ka2, k3, etc.) were adjusted to provide
the best correlation between the experimentally
determined parameters and the values of the par-
ameters calculated from the model using the mimic
program (see Experimental section). Initially, the
ratios of k-/k; in all schemes. k./ks in schemes 2, 2A
and 3, ki/k; in schemes 4 and 5. and k/k; in scheme
5 were set equal to the K;or K, value for AIA or
fluroxene. For both of these compounds, the abso-
lute values of k, and &, in each scheme were set
greater than the absolute values of ks and k. in
schemes 2, 2A and 3. than k; and k; in schemes 4
and 5, and than ., and ks in scheme 5.

The values of the remaining rate constants were
adjusted as necessary so that the V. values for the
degradation of cytochromes P-450, the V,,, values
for the production of 2.2.2-trifluorethanol, and the
ratio of the extents of degradation of cvtochrome P-
448 and of cytochrome P-450 were cquivalent to the
experimentally determined values. An error of
approximately 10 per cent was considered acceptable
for these parameters, and in all cases the correlation
of the experimental and calculated results was within
this limit (Tables 2-4).

The rate constants of the reaction schemes were
also adjusted so that the K, values for the degra-
dation of cytochromes P-450 and for the production
of 2.2.2-trifluoroethanol were as close to the experi-
mental values as possible. but good agreement
between the experimental and calculated results was
not achievable in all cases (Tables 2-4). The par-
ameters for which the rate constants in the schemes
were not adjusted and which were assessed only in
the final versions of each scheme were the pseudo
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Table 2. Parameters calculated from the final runs of the reaction schemes and the experimentally determined parameters
for the degradation by AIA of cytochromes P-450 in hepatic microsomes from phenobarbital-induced rats*

K, X448/P448 Vead XTP450) Koy (XTP450) WY k(X TPAS) XTP450
Scheme {mM) {X:&S()JPBJ,S(}} (M7 min) {mM} {min H {aM6S miny
i 1.0 0.9 1.1 NCH 34
1A 1.0 0.9 1.0 1.0 NC™¥ R
2 1.0 0.9 1.0 1.0 NC+ 3.4
2A 1.0 0.9 1.0 NC 34
3 1.0 0.9 1.0 1.0 5.2 A2
4 1.0 i 0.9 [EN) 4.4 RN
5 1.0 4.9 1.1 1.0 3.0 32
6 1.0 (1.9 1.0 NC 4.8 32

K,

(mM)

Experi-
mental results 1o 0.9% 1.0 0.44 5.2 2R

* Abbreviations uscd are: PB, phenobarbital: TP430, total type P-450 cytochromes: XTP43). degraded or degradation
of TP450; PB450. phenobarbital-induced form of cytochrome P-450: X450, degraded PB450: P448, evtochrome P-448:

X448, degraded cytochrome P-448; and NC. not calculable.
+ Reaction did not follow first-order kinetics.
+ From this manuscript unless otherwise indicated.
§ Calculated from Ref. 11

first-order rate constants and the extents of reaction
over 65 min for the degradation of cytochromes P-
450 and the production of 2.2 2-trifluoroethanol.

For each model. the rate constants that provided
the parameters in closest agreement with the experi-
mental results are given in Tables 5 and 6 for AIA
and fluroxene respectively. The parameters that were
calculated from the different schemes. and the
experimentally determined parameters are given in
Tables 2-4.

Reaction schemes 1, 1A, 2 and 2A did not follow
first-order kinetics for the degradation of cyto-
chromes P-450 by AIA or fluroxene (Tables 2-4).
In all cases, plots of the concentration of cytochromes
P-450 vs time were sigmoid, with plots of
In[cytochromes P-450] vs time being curved (see,
e.g., Fig. 5). In addition, schemes 1 and 1A could
not provide differing K, values for the degradation
of cytochromes P-450 by fluroxene and for the pro-
duction of 2.2.2-trifluoroethanol, as was observed
experimentally for microsomes from 3-methyichol-
anthrene-induced rats (Table 4).

Furthermore, reaction schemes 1, 1A, 2 and 2A
did not provide pseudo first-order kinetics for the
metabolism of fluroxene to 2,2,2-trifluoroethanol,
although in some cases, particularly for 3-methyl-
cholanthrene induction, plots of INTFE, — TFE/]
were only slightly curved.

Reaction schemes 3-6 followed pseudo first-order
kinetics for the degradation of hepatic microsomal
cytochromes P-450 by AIA and fluroxene and for
the production of 2.2 2-trifluoroethanol. For AIA
and fluroxene, all of these schemes except scheme
6—for which K, values were not calculable—could
in large part closely mimic the experimental results.
All of these schemes could provide differing Ky
values for the degradation of cytochrome P-450 by
fluroxene and for the production of 2.2,2-trifluoro-
ethanol from fluroxene (Table 4). For AIA. only

scheme 4 was able to provide a K value less than
K;, as was observed experimentally, but schemes 3
and 5 provided K values that were within a factor
of two of the experimentally determined values.
For schemes 3-6, the values of k., for the degra-
dation of cytochromes P-450 by AlA and fluroxenc
and for the production of 2,2, 2-triflucroethanot. as
well as the extent of production of 2,2 2-trifluoro-
ethanol per 65 min, were similar to the experimental
values. All of these schemes, however, for both ATA
and fluroxene, gave rise to total extents of degra-
dation of cytochromes P-450 that were equivalent
to the total amounts of hepatic microsomal cyto-
chromes P-450, a phenomenon that was not abserved
experimentally (Tables 2-4). One possible expla-
nation for this discrepancy is that one or more forms
of cytochrome P-450, present in hepatic microsomes
but not considered in the model reaction schemes,
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Fig. 5. Degradation of cytochromes P-450 by fluroxene.
Data were calculated from reaction scheme 2 for the degra-
dation of cytochromes P-450 in hepatic microsomes from
phenobarbital-induced rats by fluroxene (30 mM). Insct:
Infcytochromes P-430] vs time.
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Table 5. Compilation of rate constants utilized in the final runs of reaction schemes for the degradation
by AIA of cytochrome P-450 in microsomes from phenobarbitai-induced rats

Scheme ky k> ks ky ks ke k; kg ky

1 150 150 0.0 7.8 9 1.4

1A 120 120 0.0 2 6 5.3

2 100 100 0.0 70 50 50 1.5 63

2A 100 100 0.0 8.4 50 50 2.0 72

3 100 100 0.0 0.065 10 10 0.055

4 100 100 0.0 10 10 0.1 10 10 0.053
5 100 100 0.0 10 10 0.14 10 10 0.06
6 100 100 0.0 0.06 0.009

are not degraded by AIA or fluroxene and are not
involved in the metabolism of fluroxene to 2,2,2-
trifluoroethanol.

In conclusion, the reaction schemes for the degra-
dation of cytochromes P-450 by AIA and fluroxene
share several similarities. Suitable reaction schemes
involve the production of reactive species from AIA
and fluroxene by at least two forms of cytochrome
P-450. The reactive species in question appear to
degrade the same form of the enzyme (e.g. pheno-
barbital-induced cytochrome P-450, or 3-methyl-
cholanthrene-induced cytochrome P-488) that pro-
duced the reactive species. It might be anticipated
that the same enzyme molecule that activates flu-
roxene or AIA would subsequently be degraded by
the activated metabolite that it produced, before
that reactive species diffuses off the enzyme.

Reaction schemes involving the production of a
reactive species by one form of cytochrome P-450
and the degradation of another form of cytochrome
P-450 by that reactive species are not consistent with
experimental data. It would appear, therefore, that
the reactive metabolite mediating the degradation
of cytochromes P-450 is a transient species. The
observation that other vinyl ethers degrade the heme

of cytochromes P-450, but that stable metabolites of
fluroxene do not (see Results and Discussion), [20]
is consistent with this conclusion.

Reaction schemes in which a bimolecular reaction
of ferri- or ferrocytochrome P-450 (oxygenated or
not) with AIA or fluroxene gives rise to the degra-
dation of cytochromes P-450 do not fit the experi-
mental data, inasmuch as it is not possible to char-
acterize such reaction schemes with a K, value.

On the basis of our investigations it was not pos-
sible to distinguish whether, for fluroxene, the same
enzyme-substrate complex was involved in both the
degradation of cytochromes P-450 and the pro-
duction of 2,2,2-trifluoroethanol. It is possible that
the enzyme-substrate complex giving rise to the
degradation of cytochromes P-450 is identical to
(scheme 3), in equilibrium with (scheme 4), or an
entirely distinct complex from (scheme 5), that giving
rise to the Type I difference spectrum for fluroxene
and the production of 2,2.2-trifluoroethanol. Inas-
much as fluroxene does not produce a Type I dif-
ference spectrum of appreciable magnitude with
cytochrome P-448 [10], and there is no spectral evi-
dence for the binding of AIA to the substrate binding
site of cytochromes P-450 with microsomes from

Table 6. Compilation of rate constants utilized in the final runs of reaction schemes for the degradation
of cytochrome P-450 by fluroxene and for the production of 2.2.2-trifluoroethanol*

Scheme Induction ki k- ks ky ks ke ks kg ko

1 PB 125 100 17 15 18 0.55

1A PB 125 100 16 1.7 5 5

2 PB 125 100 17 80 50 40 5 85

2A PB 125 100 16 3 50 40 4 3

3 PB 125 100 17 0.05 0.8 0.64 0.055

4 PB 200 160 30 1 1 0.11 10 8 0.05
S PB 200 160 37 10 8 0.08 10 8 0.045
6 PB 200 160 17 0.046 0.0015

1 3-MC 50 40 14 13 17 2.5

1A 3-MC 100 80 14 13 0.8 2.8

2 3-MC 30 24 14 4.5 10 8 25 6.3

2A 3-MC 40 32 14 0.41 10 8 10.5 1.4

3 3-MC 40 32 14 0.025 0.04 0.032 (0.1

4 3-MC 40 32 15 0.1 10 3.5 0.045 0.036 0.1

5 3-MC 35 28 17 0.063 0.05 0.16 0.04 0.032 0.096
6 3-MC 30 24 14 0.02 0.0028

* Abbreviations used are: PB, phenobarbital: and 3-MC, 3-methylcholanthrene.
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differently pretreated rats [9]. the latter possibility
would appear to be favored for both fluroxene and
ATA (see Results and Discussion).
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