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Abstract-The degradation of the hemc of hepatic microwmal c! tuchromcs P-450 h\ fluroxcnc (2.7,7- 
trifluoroethyl vinyl ether) and ;IIIyl-iso-prop!I;lcct;lmiclc I AIA) ma\ charactcrirc& k.,, and V,,,,,, \-aluc\ 
and pseudo first-order rate constants for the de~ratlation of the hcmc of hepatic ~m~crowmal cytochromes 
P-450 by AIA and pseudo first-order rate constants for the metaholtam of tluroxene to ?,2.2-trifluo- 
roethanol were measured. Based on these results and on data lrom the litcratut-e, eight possible reaction 
schemes were proposed for the degradation of cltochromcs P-J%) hy AIA and Iluroxene. The reaction 
schemes were evaluated by computer analysis in terms of horn clowly they could mimic the expel-imental 
results for the degradation of cytochromes P-150 irl L’IIYO and ill ~iw. It \$a~ concluded that suitable 
reaction schemes for the degradation of the heme of hcpatic microsomal cytochromeh P-450 hy AIA 
and fluroxene incorporated the followinp characteristics: Transient rcactivc spcciw of AIA and fluroxcnc 
were formed by at least two forms of cytochrome I’-450 The reactive apccics. once produced. depraded 
the same form of the enzyme (e.g. phenoh;trl,it,ll-inducctl cytochromc P-45Ol and possibly even the 
same enzyme molecule that produced it. It appears that the enz!mc-suh\trate complex that give< rise 
to the production of the transient reactive specie\ ma! hc distinct Irom the typical cytochrome P-45& 
substrate complex that gives rise to a Type I diflcrence 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 I%V and 
in vitro [l-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and J. J. Bradshaw, unpublished results).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 ( I. 2.5.71. 

AIA does not produce a difference spectrum with 
hepatic microsomal cytochromes P-450 and appears 
not to be extensively metabolized to stable. rcadil) 
isolable products by this enzyme system. yet the 
extent of degradation of cytochromes P-450 by AIA 
is enhanced by the induction of cytochromc P-350 
with phenobarbital [ 1,j.S. 91, 

In contrast to AIA, Huroxene binds as a Tyc I 

substrate to cytochrome P-450, and the first step in 
the metabolism of fluroxene ill lG> and in l*irro (i.e. 
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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. 101. 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. Cytochrome P-448, 
the form of cytochrome P-450 induced by 3-methyl- 
cholanthrene. does not appear to bind furoxene or 
convert it to 2,2.2-trifluoroethanol to a measurable 
extent 17, IO]. 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-348 with 3- 
methylcholanthrene [S-7. IO]. 

The specificities of AIA and fluroxene in degrading 
different forms of cytochrome P-450 differ: AIA is 
nonspecific for several t\‘pes 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 cytochrome 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 bv AIA and fluroxene. Toward this 
aim. the degradaiion 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,,,,,). K,, and c’,,,,,, 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 closcl~ they were able to mimic the 
experimental results for the degradation of cyto- 
chrome P-350 by AI A and fluroxene and for the 
metabolism of Huroxene to _ 7,2.2-tritluorocthanol by 
qtochrome P-350. 

Specifically. the reaction schemes were chosen to 
assess: (I) which forms of cyfochrome P-350 convert 
AIA and fluroxcne to reactive metabolities that are 
capable of chemically modifying the heme of cyfo- 
chromes P-350: (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-350 can degrade another form 
of the cnzvmc. 

ESPERIMEKT41. 

Mawids, Fluroxene (2,2.2-trifluoroethyl vinyl 
ether) was purchased from Ohio Medical Products. 
Madison. WI. U.S.A. Ethyl vinyl ether and divinyl 
ether were from Fluka. Buchs. Switzerland, and 
Maybaker. Port Elizabeth. South Africa. respec- 
tively, 2.2,2-TriAuoroethanol and trifluoroacetic acid 
were purchased from Merck Chemicals. Darmstadt. 
F.R.G. Trifluoro~~cetnldeh~~~e was from ICN Phar- 
maceuticals. Plainview. NY. U.S.A. 2.2.2-Trifluo- 
roethyl ethyl ether was prepared as described pre- 
viously IS]. AIA was a gift from Hoffman-La Roche 
Ltd., Nutley. NJ. U.S.A. NADPH and the com- 
ponents of the NADPt-I-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. 

7‘rcatm~ntof’anir,lul.~. Male Wistar rats ( lX(L220 g) 
were used for all experiments. Animals were given 
phenobarbital or 3-methylcholanthrene by intraper- 
itoneal injection as described earlier [6]. 

Prepurutiotr o~hr~,rrti~r,~icroson~e.s. Heputic micro- 
somcs were prepared by gel filtration on Sepharose 
2B equilibrated with 0. IS M KCl~0.02 M Tris-HCI. 
pH 7.3. according to the method of Tangen et al. 
[ 121. The microsomes were used in all experiments 
at a concentration of 2 mg protein/ml 0.02 M Tria- 
HCI. pH 7.4. Protein concentration was determined 
by the method of Lowry et al. 1131. as modified by 
Chaykin [14]. using bovine serum albumin as 
standard. 

Hepotic rCw.son~11 NA DPH oxidution. The 
oxidation of NADPH was monitored spectrally at 
340 nm at 30” [IO]. To the sample cuvette containing 
3 ml hepatic microsomes was added fluroxene 01 
2.2.2.trifluoroethvl 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). 
Reference cuvettes contained microsomal suspen- 
sion only. Background rates of NADPH oxidation 
were measured in the presence of substrate under 
an atmosphere of CO:O1 (X0:X v/v) [IS\. 

Conzpositior~ of‘ itzc~lt/xtrir,r~ /tli.Yrrrt-e\. I:or Itic 
determination of K,, and L’,,,,,, calurc for tt1e clccr;l- 
dation of cytochrome P-450 bq’ AI A. incub,a;ic,n 
mixtures contained hepatic mici-osomc\ (7 111~ pro- 
tein/ml), EDTA (0.2 mM) and an NADPII-gcncr- 
ating system (0.4 mM NADP. 7.5 mhl gluco\e-(1. 
phosphate. 0.5 unitsiml gluc~)se-h-pllo~phatt, deh- 
drogenase, I mM nicotinamide and 5 mM hlg(‘ll) 
and variable amounts of AIA in 0.02 .11 Tri\-ll(‘l. 
pH 7.4. the reaction being initiated with the addition 
of the NADPH-generating syste”i-EDTA misturc. 
The losses of cytochromc P-450 reported ;I\ ;I tunc- 
tion of time are relative to /era time \;rniplc\ ot 
identical composition. The reported values h;~\,e 
been corrected for the losses of cytochromc I’-450 
seen with incubation mixtures prcpai-cd ;I\ :~bo\ c. 
but in the absence of AIA. Incubations wcrc at Xl’ 
with shaking at 60 cvclesimin for 7 min. Rctcrcnccs 
for the spectral assa$ comprised hcpatic microrom;ll 
suspensions that had been incubated for the \;~mc 
period of time as the samples. 

For studies of the degradation ot hepalic micro- 
somal cytochromes P-450 by analogues and metah- 
olites of fluroxene. incubations lucre carried out as 
described for AIA. except that AIA XI\ omittctl 
from the reaction mixture and the analogue~ and 
metabolites were. where neccssar). clisper\ed in the 
microsomal suspension bv vortex mixing for .30 WC. 
An incubation time of %I min was uwd in tht_~ 
experiments. 

For determination of the first-order- rntc constant\ 
for the degradation of cvtochromcs P-450 b> Alr1 
and for the metabolism & fluroxenc to 7.2.2-trifluo- 
roethanol, incubation mixtures were pr-cparcd as 
described above. except that 5.0 mM AIA OI 30 rn~l 
fluroxene was added to the hepatlc microsomcs 
before the initiation of the reaction. and the lluros- 
ene was dispersed in the microsomal suspension I~\ 
vortex mixing for 30 XC. At every eighth minute 
additional 0.4 mM NADP. 7.5 mM glucose-h-llhc,~,- 
phate and 0.5 units/ml glucose-h-phosphate dch- 
drogenase were added to the incubation misturc 
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 cyclcs:min for 
@6S min. 

Assays. The lebels of hepatic mlcrosomal cyto- 
chromes P-450 were determined from the diffcrcncc 
spectrum of CO-ferrocytochrome P-150 vt’r\u\ tcr- 
rocytochrome P-450 accordinp to the method 01 
Omura and Sato [ Ih]. An extlnction coefficient of 
91 mM ’ cm- ’ for the difference in absorbance 
between 450 and 390 nm was used [ Ih]. Ylicro\omal 
heme was determined spectrally as the ~duccd pyr- 
idine hemochrome according to Omura and Sate 
[16] (F~~,_~~~~,,, 32.4 mM~ ’ cm L’). 

2,2,2-Trifluoroethanol w’as measured in incuhatlc~n 
mixtures by gas-liquid chromatography ;I\ dcscr-ibcd 
by Gion et al. 1171 using a Beckman (ic‘-31 $;I\ 
chtomatograph. Peak arcas were determinccl b\ :I 
Pye Unicam DPXX computing integrator. 

For all spectral studies. a Pye Unicam SPISOO 
spectrophotometer was used. The thermost~rtic~rll! 
controlled compartment adjacent to the photomul- 
tiplier designed to accommodate turbid ~mples v,as 
used for all microsomal samples. 
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Fig. 1. Lineweavcr-Burk plot of the inhibition by AIA of 
the stimulation of hepatic microsomal NADPH oxidation 
by 2,2,2-trifuoroethyl ethyl ether (TFEE). Key: I’. 
A 340.,/min: TFEE concentration, mM. Reaction mixtures 
contained hepatic microsomcs from phenobarbital-induced 
rats (2.0 mg protein/ml). NADPH (0.2 mM). and 2,2.2- 
trifluoroethyl ethyl ether in the presence (0) and absence 

(m) of 3 mM AIA. Reaction temperature was 30”. 

Calculations undstatistical unaiysis. Inhibition con- 
stants (K,), Michaelis (K\,) constants and maximal 
rates of metabolism (V,,,,,) were calculated from 
Hanes and EadieeHofstee plots. Pseudo first-order 
rate constants (kllh,) were calculated from plots of 
ln(A, ~ A,) vs time where A I and A, are the absorb- 
antes (or concentrations) of the substance at infinity 
and at time t. 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 t 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 I.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 01 
cytochromes P-450 in hepatic microsomes from phenohar- 
bital-induced rats. Key: AIA concentration. mM: V, rate 
in PM cytochromcs P-45017 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-HO. pH 7.3. Incubation5 were at 30” for 7 min. 

* Relative to the concentration of cytochrome\ P-4.50 
(cu. 3 /LM). 

RESULTS AND DIS(‘USSlON 

Interaction of AIA with the hepatic rnicrosoml 
cytochrome P-450 system. Because AIA does not 
reproducibly give rise to a difference spectrum of 
significant magnitude with hepatic microsomal cyto- 
chromes P-450 181, 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 fu- 
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 2,2,2-trifluoroethanol from 
these compounds [7, IO]. 

With microsomes from phenobarbital-induced 
rats, AIA competitively inhibited the Huroxene and 
2.2,2-trifluoroethyl ethyl ether mediated stimulation 
of CO-inhibitable NADPH oxidation (see. e.g., Fig. 
1). The K,valuesforAIAwere I. I9 mMand 1.01 mM 
in the presence of Huroxene 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 AIA. 

KM and Vm,\for the degradation ofcytochromes 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 
7 mm. The K,$, and V,,,,,, values for the degradation 
of hepatic microsomal cytochromes P-350 by AIA 
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,,,of 0.44 2 0.18 mM and a V,,,,i, 
of 0.98 k 0.16 PM cytochromes P-450 degraded/7 min 
(Fig. 2). The degradation by AIA of cytochromes 
P-450 in microsomes from uninduced and 3-methvl- 
cholanthrene-induced rats was too slight to perkt 
accurate determination of K,\, and V,,,,, values. 

Kinetics of the degradation of c:vtochrornes P-150 
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 lo-’ 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 f 0.02. 0.46 k O. IO 
and 2.58 i 0.24 /tM/65 min. 

Kirletics of tllrprotllrctio,l of_._ 7 ‘.2-t~ijf~toroet/7rrrlol 
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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-450) 

vs time. Reaction mixtures contained hepatic microsomes 
(2 mg protein/ml), EDTA (0.2 mM). NADPH-generating 

system, and AIA (5 mM). Incubations were at 30”. 

from fluroxene und 2,2,2-trifiuoroethyl 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 ot 
2,2.2-trifluoroethanol from fluroxene for micro- 
somes from untreated. 3-methylcholanthrene- and 
phenobarbital-pretreated rats were found to be 4.3 2 
1.0 x lo-‘, 3.4 + 0.9 x IO-’ and 3.7 ? I.0 x IO ’ 
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 + IO. 236 + IO and 
728 ? 30 pMi65 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 IS, 6]-followed zero- 
order kinetics with microsomes from phenobarbital- 
induced rats (Fig. 4). A rate of 33 ? 3 UM 2,2.2- 
trifluoroethanolimin was obtained for niicrosomes 
from phenobarbital-induced rats. 

Effects of metaholites and cmu10gue.s offl~iro.~e~~e 
on the levels of heputic microsomul cytochromes P- 
450 and heme in vitro. None of the reported OI 

proposed metabolites of fluroxene. including 2.?,2- 
trifluoroethanol (69 mM). trifluoroacetaldehyde 

(37 mM), trifluoroacetate (200 mM) or bicarbonate 
(32mM)* [7. 18, 191. had any effect on the level 01 

* The only known metabolite not assayed was 2.2.2. 
trifluoroethanol glucuronide, a derivative that i:, thought 
to be devoid of physiological effects. 

t Bicarbonate does not affect the level of cytochromcs 
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 micro~ome~ plus an 
NADPH-generating system [XI]. 

30 60 
TIME (min) 

Fig. 4. Production 01 2 7 ’ , .- -trltluoroeth;l~i(~l from Huroxcnc 
(0) and l’rom 2.2.2.tritluoroeth! I eth! I cthcr (NJ ;I\ ;I 

function of time hy hepatic microsomc\ tram phen~lbar- 
bital-induced rats. ~l‘ritluoroeth~~nol conccntratlon. ;I)-hi- 
trary units. Incubation mixturer contalncd hcpatrc macro- 
somes (2mg protcinml). ED I’)\ ((I.2 n1~1). NADPI I- 

generating system. and tluroxcnc (iI) nihl) or 2.2.2-lrllluo- 
rocthyl ethyl cthcr (30 mhl) in 0.02 hl I’ri\ I ICI. pI I 7 -1. 

hepatic microsornal cytochromes P-450 or hcmc in 

microsomes from .~-niethvlcholanthrcne-iiiducell 

rats, under conditions where Huroxene degraded 

considerable amounts ot this hemoprotein (data not 

shown). These results arc identical to those pre- 

viously obtained with phenoh;Irbital-iiItluc~~l t-at\ 

[2O]i-. 

The analogues of tlurosene--cthyI L in! I ether and 
divinyl ether-signiticantl~ dcc~-rasecl the levels of 

cytochromes P-150 and heme in hcpatic mlcrosomc~ 

from 3-methylcholanthrelle-inducetl rath. the IOYVJ 
ofheme/cytochromes P--ISObeingO.2 I i 0. l.TO.22 I 

0.03 and 0.38 2 0.04/0.55 L 0.04 for cthll vinyl ethct 

and divinyl ether. respectively. 2.2.2.~1.1.itluoroctllvl 
ethyl ether was without effect 011 the Ic\cl of q to- 
chromes P-450 in hepatic microsomcs t’rom 3-methvl- 
cholanthrene-induced rats (data not aho~~n). These 

results demonstrate that the heme 01 cvtochrome\ 
P-450 is not modified by ail) kriou ii \tahle mctaholite 

of fluroxenc in microsome\ from .~-iii,th\lctic~laii- 

threne-induced rat% antl suggest that the dc&dat~~~ 
of cytochromes P-450 I\ mediated b\ 211 acti\ at<il 
form of the vinyl moiety under these-cclnditic,nr 

Rerrctiorz ,sc~lrtw~c~s ji)r- rllc, tlqrr~titrtiot~ of c~to- 
clirarries P-450 /Iv A/A urrtl flliro.\cafrc’. Si\: rcaclioil 

schemes. chosen on the bask\ of cxpcrimental data 
reported here and el\c\chere. ~CI-c dt~ i\erl t’o~- the 
degradation of hepatic micl-o\om;C c‘! tochromc P- 
1.50 hemoproteins by Al A anti tlul-o\ene. The p~-o- 
posed reaction schemes for tluro\ciic 21-c prc\cnrcd 
in Table I. BCC~LW the cvtochrome I’-~$O-ilepcii~lcrlt 
conversion of Iluroxerir to 7.7.2- trilluolc~~th;lIlc~l 11‘14 

been well characterkd. thi\ reaction I\ included in 

the schemes for furosenc. l‘hc r’cactl~,n \chenic\ tc,i 

AIA are identical to those for tlurouene csccpt that 

k, (the rate constant tar the production ot 7..?.2- 

trifluoroethanol) has been zct to /t’ro in the ~cl~cm~s 
for AIA since the mct;tholi~m of ?,lA h! c’> to- 

chromes P-450 OCCIII-\. at nic,\t. c~tll! ;~t <L \I()\\ r,ltc 

and has not been well charactcri/ed. 

For the reaction schemch. the Ic\cI\ (II the \uh- 
strates and the \ ariouc form\ of c’\ lc~chr<~iiic P-J?0 
were as follows: The Icvcl\ L)t ;\I.\ :~nd tlurc,\ene 
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Table 1. Reaction schemes for the degradation of cyto- 
chrome P-450 hemoproteins by fluroxene* 

Scheme It 

F + PB4.50 ; [ F-P,Bf”‘] : TFE + PB3.50 

M 
i< 

M + PB450 ~ X3s,, 

Scheme 21 
hi 

F + PB4SO $ [F-PB4SO] ---f TFE + PB450 

F + PI-IX ; [F-P438) 
i7 ix 

- M + P448 + X44X 

M + PB35U ~ xJs0 

Scheme 3 

F + PB4.50 ; (F-PEW] ” - TFE + PB4SO 

x450 

F + P448 2 IF-P44X] 2 X44X 

Scheme 3 
iI i; 

F + PB4SO E [F-/‘~$S(Jl * TFE + PB350 
> 

Ah 

[F-PB4SO]j + X450 

F + P44X ; [F-P3481 : X448 

Scheme 5 
11 

F + PB-150 $ [F-PBW] ---f TFE + PB4SO 

F + PB4SO ; [F-PB-150]$ 2 X450 
\I 

F + P&W ; IF-P44X] _II: X448 

Schcmc 6 
ii 

F + PB1SO ; [ F-PBWJ --j TFE + PBJW 

F + PB3.50 _ xJs,, 

F + PJ-IX _1: x44x 

* Abbreviations used arc: F. Ruroxene: PB4S0. pheno- 
barbital-induced form of cvtochrome P-450; P448, cvto- 
chrome P-44X; X450 and X$48. degraded forms of PB450 
and P44X. respectivelv; TFE. 2.2.2.trifluoroethanol: M. 
reactive metabdlitc; and [F-PBISO]$. an enzyme-substrate 
complex differing from [F-PB450]. 

t Schemes IA 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 X44X. 

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 PM in hepatic micro- 
somes from phenobarbital-induced and 3-methyl- 
cholanthrene-induced rats, respectively. The levels 
of cytochrome P-448 were set at 1.3 and 2.0 PM 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 
[21-271. 

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 irr t’itro (see Results 
and Discussion) [Y, IO]; (2) the K,,, 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 irr 
vitro (see Results and Discussion) 171; (3) the relative 
extents of degradation of different forms of cyto- 
chrome P-450 by .4IA and fluroxene in viva [ll]: 
and (4) the pseudo first-order rate constants (kc+,,) 
for the degradation of cytochromes P-350 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) [ZO]. 

The exact values of the parameters that were used 
to assess the reaction schemes are given Tables 211 
for comparative purposes. 

In assessing each reaction scheme. the rate con- 
stants (e.g. k,, kz, k;, 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 kJk, in all schemes, kJkT in schemes 2.2A 
and 3, k,ik, in schemes 4 and 5. and k,ih, in scheme 
5 were set equal to the K, or K, value for AIA or 
Auroxene. For both of these compounds. the abso- 
lute values of k, and kl in each scheme were set 
greater than the absolute values of ki and k, in 
schemes 2,2A and 3. than k7 and k, in schemes 4 
and 5, and than k, 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 cytochrome P- 
448 and of cytochrome P-450 were cqulvalent 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 24). 

The rate constants of the reaction schemes were 
also adjusted so that the K,, values for the deg.ra- 
dation of cytochromes P-450 and for the productlon 
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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Tahlc 2. Parameters calculated from the tinal runs of the reaction schemes and the expcrimentall~ determined paramctorc 
for the degradation by AIA of cytochrome< P-450 in hepatic microsomes from phenoharhital-in~luced rat\” 

Scheme 

I I .(I 
1A I .o 
2 I .(I 
2A I .o 
3 I .(I 
4 1 .I1 
5 I .o 
6 I .o 

K, 
( m M ) 

Experi- 
mental rcsultsi: 1 .o 51 . ._ 7,s 

* Aht;re~iati~~n~ used are: PB, phell~harbital: TP350. total type P-43) cytochromes: XTPJ.70. degraded or dc~r~~[i~~ti(~i? 
of TP450; PB4SO. I.7henoharhital-intiuccd form of cytochrome P-450: X4%), degraded PBW): P%i, cvtochromc P-148: 
X448, degraded cytochrome P-448; and NC. not calculable. 

t Reaction did not follow lirst-order kinetics. 
$ From this manuscript unlcsa otherwise indicated. 
$ Calculated from Ref. Il. 

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, IA, 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 cvt~~chromes P-4511 by fluroxene and for the pro- 
d&ion of 2,7,3-trifluoroethanol, as was observed 
experimentally for microsomes from 3-methylchol- 
anthrene-induced rats (Table 4). 

Furthermore. reaction schemes I, IA. 2 and 2A 
did not provide pseudo first-order kinetics for the 
metabolism of ffuroxene to 2,2,2-trifluoroethanol, 
although in some cases. p~~rti~ul~lriy for B-methyl- 
cholanthrene induction. plots of lr$TFE, - 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-triftuoroethanol. FOT AIA 
and Ruroxene, all of these schemes except scheme 
G-for which K,, values were not calculable-could 
in large part closely mimic the experimental results. 
All of these schemes could provide differing KII 
values for the degradation of cytochrome P-450 by 
fluroxene and for the production of 2,2,2-trifluoro- 
ethanol from fluroxene (Table 3). For AIA, only 

scheme 4 was able to provide a K,,value less th;m 
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 39% the values of koh for the degra- 
dation of cytochromes P-43) by AIA and Huroxcnc 
and for the production of 2,2,2-trifluoroetharlol. 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 AIA 
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 observed 
experimentally (Tables 2-4). One possible expla- 
nation for this discrepancy is that one or more forms 
of cytochrome P-4.50, present in hepatic microsomus 
but not considered in the model reaction schemes, 

IO 20 30 

TIMEfmin) 

“\\.’ 
lime 

Fig. 5. Degradation of cytochromes P-450 hy tiurnxene. 
Data were calculated from reaction scheme 2 for the dcga- 
dation of cytochromes P-450 in hcpatic microsomt’s from 
phenobarbital-induced rats hy fluroxene (30 mM). Inwt: 

Injcytochromes P-J50\ v 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 phenobarbital-induced rats 

Scheme kl k? kj k4 k, 

1 150 150 0.0 7.8 9 
1A 120 120 0.0 2 6 
2 100 100 0.0 70 SO 
2A 100 100 0.0 8.4 SO 
3 100 100 0.0 0.065 IO 
4 100 100 0.0 10 IO 
5 100 100 0.0 10 10 
6 100 100 0.0 0.06 0.009 

kh 

1.4 
S.3 

SO 
SO 
I 0 
0.1 
0.14 

kl 

1.S 
3.0 
0.05s 

10 
10 

kx 

63 
72 

10 
10 

ky 

0.053 
0.06 

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 [lo]. 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 k, kz ks kJ ks k, k, kx kg 

1 PB 12s 100 17 15 18 O.SS 
1A PB 125 100 16 1.7 S 5 
2 PB I25 100 17 x0 50 40 85 
2A PB 125 100 16 3 SO 40 

: 
3 

3 PB 125 100 17 0.05 0.8 0.63 0.055 
4 PB 200 160 30 1 1 0.11 10 8 0.05 
5 PB 200 160 37 IO 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.S 
1A 3-MC 100 80 14 13 0.8 2.8 
2 3-MC 30 2-l 14 4.S 10 x 3S 6.3 
2A 3-MC JO 32 14 0.41 IO x IO.5 I.1 
3 3-MC 40 31 I3 (3.025 0.04 0.032 0. 1 
4 3-MC 40 3; IS 0. 1 IO 3.5 0.045 0.036 0. I 
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-methylcholanthrenc. 
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