
THE INTERACTION OF HEPATIC MICROSOMAL 
CYTOCHROME P-450 WITH FLUROXENE 
(2,2,2-TRIFLUOROETHYL VINYL ETHER) 

IN VITRO* 

Abstract--The annr\lhctic ;lgent tluroxenc (7.2.7-tril1~~orocth\ll bin!1 ether) and :I closcl~ rclatcd con- 

pound 2.2.1.trifluoroctll~ I cthql cthcr (TFEE) inter;ict with the c) tochromc P-350 component of isol;ltcd 

rat hepntic microsomcs to product H t)pc I dill’crcncc ywztrum. The c~tcnt of the absorbance ditkrcncc 

(A.41 bctaeen i .,,,,,, (390nm) and i .,,,,, 1 (320 nm) produced with tluroxcnc or TFEE 1s dcpcndcu1 on 

the conccntratlon of the anaesthetic agent :tnd the extent and t>lw of prior inductmn of the microwmss. 
Induction of cytochromc P-348 with 3-tneth!~chol;llithrenc (MC) or 3.4.benrpyrcnc (BP) dws not atkct 
the magnitude of the maximal absorbance dlllcrence spectrum (A,d,,,,,) reLitike to uninduced micro\omcs. 
In contrast. phcnoharhital (PHI induced microsomcs exhibit A.+,,,,, \aluch ~irh clthcr anacsthctic ;Igcnt 

which. relative to controls. :Irc Increitse d npproxitnntely in proportion to the incrust in the Icvcl 

of total type P-30 CJ tochromes. The K, values for the binding of tluroxcnc and TFFE to all micl-owm;ll 
preparations are 9.3 x IO ’ M and I.7 x 10~’ M respccti\el>. Both :unnesthetics :tre metabokcd b> 
hcp:ttic microsom:d cytochrotnc P-J%1 as evidenced 1~) cnhanccd carbon mono\idc-inhibitahlc NADPH 

ozidotion m the presence of thcsc compounds. The maximum velocities of YADPH consumprion 
in the prcsencc of cithcr anacsthetic ;uc un;lffected b> induction wth BP or MC hut ill-c incl-cased 

approximatcl! 3-fold follotvin, ~7 induction 01’ c\r tochrome P-150 \vith PB. For tluroucne metabolism 

by oil microsomes K,,, \~as determmed to be x.4 x IO ’ M. Dcterminatlon of I<,,, \;due\ for Tt-EE 
metabolicm ib more complex ;I> hiphauc etkcts arc ohscr\cd with some \)stema. We conclude that 

iluroxene and TFEE bind to qtochromc I’-450 and :lre metahohred but that TFEE 1s ;I poorer 

substrate. In contrnst cytochromc P-448 neither bind5 nor metaholircs either 3n;testhctic. Since k,,, 
11nd K, talues for Huroxcnc ;Irc the same v,c conclude that the r:ltc-limiting step of It‘; mctztbolkm 
occurs at il step after the binding of tluroswc to ferrqtochl-oiiie P-150. 

Recent reports thut the anaesthctic Ruroxenc. which 

has been safely used cliniall> since I953 [I. 2. 31. can 
become toxic to animals [4. 5. 61 and man under cer- 
tain circumstances [7. X.9. IO] prompted us to invcsti- 
gate the metabolism of the anaesthetic irl riro Ll I]. 

The results of our investigation indicated that Ilur- 
oxene is metabolized in the rat with the rate-limiting 
step possibly being catal\red bq hepatic cytochrome 
P-350. and that the toxic effects of the anaesthetic 
arise from a metabolite of its trifluoroethyl moiety. 
.A further effect of the anaesthetic is that it produces 
destruction of hepntic cytochromc P-450 in rim [l I] 
and in r’itro [I?]. ;I phenomenon not observed with 
TFEE. In contrast hepatic cytochrome P-448. which 
is induced by 3-methylchol~nthrene and 3.4.benzpyr- 
enc. is apparently unable to metabolize the anaes- 
thetic or to potentiate the toxicity of fluroxene. 

In the present paper wc report on our investiga- 
tions of the interaction of furoxene with cytochrome 
P-450 in isolated rat hepatic microsomes which were 
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performed in order to elucidate the mechanism bq 
mkich the anaesthetic agent flurownc becomes tovic 
and to provide a11 explanation on ;I biochemical Icvcl 
of our observations on the eflects of furoxenc antes- 
thesis on the intact animal [l I]. In this stud) we 
have utilized microsomcs from uninduced rats and 
rats which have been induced with phenobarbital 
(PB). 3-methylcholanthrcne (MC) or 3.4bcnzpyrenc 
(BP) and have studied the binding and metabolism 
of flurownc and 7.2.2.trilluoroclh!I cth!l ether (TFEE) 
b! the t)pc P-450 CL tochromes of these microsomcs. 

.2ltrrcr~ith. NADPH was purchased from Milts 
Laboratories. SKF 525A was a generous gift from 
Smith, Kline & French. Ltd. Sepharose 28 was 
obtained from Pharmacia, Uppsala. All other mater- 

ials were obtained or prepared as &scribed pre- 
viously [I 1. I?]. Induction of microsomal proteins by 
phenobarbital (PB). 3-methylcholanthrcne (MC) and 
3.4-benzpyrene (BP) ~;IS also performed ;IS described 
[I?]. 

Pwptrrtrtior~ qf IlII(.I.o.so/~7(,.s. Liwrs wcrc removed 
from the animals immediateI\ after sacrifice. Micro- 
somes wrc prepared by gel iiltration on Sepharosc 
2B equilibrated with 0.15 M KC1-0~02 M Tris-~HCI 
buffer, pH 7.4 by the method of Tangen t’t trl. [13]. 
All operations were performed at 4 The microsomxl 
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fraction was collected. diluted to ;I concentration of 

2 mg protcin,ml with OG2 M Tris HCI buffer. pH 74 
and ~~scd imnicdiatelq 

/~if/mwc~ ~pcc~rru. Suspensions of hcpatic micro- 
\omcs wcrc divided equally between two I -cm path 

I~nsth cuvettes. Fluroxene or TFEE was introduced 

below the surface of the microsomal suspension in 

the sample cuvctte bq. means of :I Hamilton syringe. 

The cuvctte was then stoppered and vortexed for 30 
see in order to disper\c and solubilizc the anaesthetIc 

agent. The magnitude of the resultant dilrercnce \pec- 

trum was measured a:, the difference in absorbance 

between the peak at ca. 39Onm and the trough at 
a. 120 nm and was corrected for the absorbance dif- 

ferences of control microsomal suspensions at these 

M avelengths and dcsignatcd as A.4. Vortexing of the 
microsomal suspension without added anaesthetic 

apent did not produce a d8erencc spectrum. All dif- 

ference spectra were recorded at room temperature 

(21 ‘4 ). 
.Y.1DPH o.~ir/~ctio~. The rata of metabolism of Hur- 

oxcnc oi- TFEE by hcpatic microsomes were deter- 

mined by monitormg NADPH consumption as fol- 

10~5: Equal cluantitics of microsomal suspension were 

divided between two I -cm path length cuvettcs. Vary- 
ing quantities of tluroxcne or TFEE wet-c introduced 

into the sample cu\ette as described for the difference 
hpzctra. The reaction mixtures wcrc equilibrated at 

2X C’. and the reaction \vas initiated by the addition 
of 50 IOU /tl of NADPH solution (0.12 0.24 mM linal 

concentration). NADPH oxidation was monitored 

spectrally at 140 nm and was corrected for back- 

ground rates of undogenous NADPH oxidation in the 
presence of fluroscne or TFEE in an atmosphere ot 

C‘O 0, (X0:20: \ v) [13]. 
These rate studies on microsomal suspensions wcrc 

performed in ;I L: nicam SP I X00 recording spcctro- 

photomctcr. using ;I thcrmostatted cell compartment 

ad.jacent to the photomultiplier. All other methods 
art’ as described praiously [I I. I?]. 

C‘tr/(,~r/~lrior~s. Binding constants were initisll) calcu- 
Iatcd from the intcrccpts of Lincweavcr -Burk type 

double reciprocal plots of I ‘A.4 or I .I. versus 
I [anacsthetic agcnt]. In addition. plots of A.4 vcrsuh 
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Fig. 1. Difference spectrum of untreated rat hepatlc micro- 
somes with fluroxene. Fluroxene concentration 6.0 x 
IO ’ M. microsomal concentration ?.Omg protein!ml. 
qtochrome P-450 concentration I.08 nmol:mg protcm. 

buffer OG? M Tris HCI. pH 7.4. 

A,3~[anaosthetic agent] or I. \crsus I. L;Inachthetlc 
agent] wcrc prcpured 2s ;I more scnsitivc indc\ 01 

linearity. In all plot5 A.1 rcprexentx the dilf‘erence ui 
absorbance and I. represents the rate of consumption 

of NADPH measured as described abo\c. 

KESl 1.1s 

l-luruxenl: and TFEF hind to hcpatic rnicro~cmlal 

cytochronies P-450 isolated from untrcatcd nialc rat\. 

resulting in the appearance of ;I ‘Ty,pe 1. difl’crcncc 

spectrum (e.g. Fig. I I. The extent of bmding of 11urov 
ene or TFEE to cytochromc P-450 \\ ith increasing 
concentrations of the anacsthctic agent follo\4 5 ;I typi- 

cal saturation curve (Fig. 7) with the maximum cxtcnt 

of binding at saturating substrate concentrations being 
a function of the type of anaesthetic agent and the 

prctrcatnicnt of the a111m;1l source’ of the niicrozonia 

(Table I ). 
Pretrcatmcnt of animals \+ith the pol>qclic h>dro- 

carbons 3-mcthLIchol~rnthl-~nc 01 .~.~-hen/p~~-L‘nc. 

\v hich induce qtochromc P-448 and raise CJ tochromc 
levels to double that of controls. does not aITcct the 
extent of hindin? of cithcr tluroxcne 01 TFT1. to 

hcpatic microsomat cytochronic 1’.450 ircIati\c 10 

control microsomcs. as c\idcnccd h! the ni;i\imal 

\pectral changes observed (Tahlc t ). 111 contra\t. prc- 

treatment with phenobarbital. I+ hich ctc\atcs hepatic 
microsomal cytochromc P-350 content per nig niicro- 
somal protein approximateI\ 7Gli>ld rclati\c to c‘oll- 

trol animals. also increuscs the nia\iniat extent 01 
binding of tluroxcne and TF.‘tlE appro\lm;itcl! 
‘-‘-fold. WC hart utilized a sinele cxtlnction coelii- -- 
cient for both tgpcs of cytvchromc P-450 in \~eu ot 
the discrepancy iii the Ilteraturc with regard to the 
differences in extinctions 01‘ the CO coinplexc\ of the 

two hemoprotcins [I 51. 



Fluroxene-cytochrome P-450 interactions 7x1 

Table I. Ef‘ccts of induction of hcpatic microsomal cytochrome P-450 on the binding and metabolism of fluroxenc 
(2.2,2-trifluoroethyl vinyl ether) 

Induction* 

cyt.t 
P-450 
(nmol, 

mg mic- 
rosomal 
protein) 

K”,: 
(M) 

1 ‘,“.J 
(nmol NADPH,’ 

min.mg 
microsomal 

protein) 
K, AA,,,,** 
(M) (O.D.) ToxicItyi 

NONE I.1 7.6 X IO_” 4 9.3 X IO_” 0.06 
BP 7.3 10 X 1om5 4 9.0 X lo-” 0.06 
PB 7.7 6.3 X IO 4 13 9.5 X 1om4 0.13 + 
MC 2,l 9.5 X 1om4 3 9.4 X loms 0.07 

* Abbreviations used are BP, 3.4-benzpyrene; MC, 3-methylcholanthrene: PB, Phenobarbital 
+ Total type P-450 cytochromcs. including cytochromes P-450 and P-448. 
‘- \‘alues calculated from plots of 1;~ versus l/[S]. 
\ S.D. * I nmol;min.mg microsomal protein. 
4 Values calculated from plots of I;AA versus V[S]. 

** A-1 = A,,c.gI, ~ A,,,,,,,,, of difference spectrum. SD. k 0.02 
Refcrcncc [I I]. 

for both anaesthetic agents for all types of induction 
and permit calculation of the spectral dissociation 
constants (K,,) [16] for the binding of these com- 
pounds to hcpatic microsomal cytochrome P-450 (see 
e.g. Fig. 3). The more sensitive plots of AA versus 
A,4 [anaesthetic agent] are also monophasic under 
all conditions (see e.g. Fig. 4) and confirm the K, 
values calculated from the double reciprocal plots. 

The effects of inducers of cytochromes P-450 or 
P-448 on the spectral dissociation constants (K,,) for 
iluroxene and TFEE are presented in Tables 1 and 
2. For control animals the spectral dissociation con- 
stant for fluroxene has a value of 9.3 x 10e4 M. In- 
duction of cytochrome P-448 by polycyclic hydro- 
carbons or of cytochrome P-450 by phenobarbital 
dots not affect K, values for Ruroxene binding to mic- 
rosomal cytochrome P-450. 

For TFEE K,, is found to have a value of 
1.S x 10 ’ M for control microsomes (Table 2). As 
seen in the case of fluroxene, K, is not markedly 
altered by induction with polycyclic hydrocarbons or 
phenobarbital. Again. the K, values calculated from 
the A.4 \crsus AA;[anaesthetic agent] plots agree 

/!I,, /I , 
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,02 /[FL”ROXENE] qo2~TFEE] 3o 
Fig. 3. Effect of (A) fluroxene concentration wsith cyto- 
chrome P-450 concentration 3.34 nmoljmg protein and (B) 
TFEE concentration with cytochrome P-450 concentration 
2.23 nmol/mg protein on the extent of the difference spec- 
trum with phenobarbital induced microsomea The inverse 
of the absorbance difference. in arbitrary units, is plotted 
against the inverse of the anaesthetic concentration. Micro- 
somal concentration 2.0 mg protein:ml. buffer 0.02 M 

Tris-HCI. pH 7.4. 

with those calculated 
plots. 

The binding of both 

from the double reciprocal 

fluroxene (Fig. 5) and TFEE 
(Fig. 6) to hepatic microsomal cytochrome P-450 is 
competitively inhibited by 2-allyl-2-isopropylaceta- 
mide (AIA), a compound known to specifically inter- 
act with cytochrome P-450, but is unaffected by SKF 
525A. 

Fluroxene and TFEE stimulate NADPH consump- 
tion by hepatic microsomes. The enhanced NADPH 
consumption observed in the presence of either anaes- 
thetic agent is inhibited by an atmosphere of COXI, 
(80:20; v/v) or by 1OmM KCN but is not affected 
by 1 mM KCN indicating that NADPH consumption 
reflects cytochrome P-450 mediated metabolism of 
these halocarbon anaesthetics. The metabolism of 
fluroxene and TFEE by hepatic microsomes was 
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Fig. 4. Effect of anaesthetic concentration on the difference 
spectrum of 3-methylcholanthrene induced hepatic micro- 
somes; (o), fluroxene with type P-450 cytochromes con- 
centration 2,12nmol/mg protein; (W), TFEE with type 
P-450 cytochromes 2.03 nmol/mg protein. The absorbance 
difference in arbitrary units is plotted against the absor- 
bance difference divided by the anaesthetic concentration. 
Microsomal concentration 2.0 mg protein.‘ml. buffer 

0.02 M Tris-HCI, pH 7.4. 
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thcrcforc monitored bq NADPH oxidation and cor- 
rcctcd for an> non-q tochromc P-450 dependent 
NADPH oxidation according to the method of Stripp 
01 tri. [ 141. The ~alucs of L’,,,,,, for microsomes from 
all sources arc given in Tables 1 and 2 for Huroxene 
and TFEE metabolism. For both anaesthetics. the in- 
duction of predominantly qtochromc P-448 with 
.X3-bcnq~yrcnc or l-methvlcholanthrenc did not alter 
I 111‘!\ relative to control microsomes. However. phcno- 
barbital induction elevated I ‘,,,‘,, relative to control 
animals approximately in proportion to the increase 
in qtochrome P-450 content. 

Linewaver Burk plots of I :I’ versus I II [anaesthetic 
agent] wrc linear for Huroxcnc and apparently for 
TFEF. in all cxcs (SW Fig. 7) and permitted calcula- 
tion of the Michaclis constants. K,,,. for the different 
inducing agents. However, although the more scnsi- 
tiw plot of AI. versus [Janaesthetic agent] was lineat 

-lb 0 10 20 

for microsomcs from all sources w hen nictabolirinp 
Iluroxcnc (see Fig. S). the cqui\alcnt plots for TFEE 
wcrc not linear in all cxox (Fig. X). Some plot\ wcrc 

biphasic. permitting the calculation of two ditfcrent 
!C,,, values for uninduccd. i-mc~h~lcholant~~rc~~c ~fnd 

3.4-benlpqrenc induced microsomcs. For the mctabo- 
lism of TFEE b> phenobarbital induced microsomcs. 
the plot was nearly linear ow the ranpc invcstigatcd 
permitting calculation of only 3 single K,,,. 

E[jGct o$ ir~r/wc~r,\ OII K,,, for flwc~.Ycvl~ lrrrti 7‘1-Ek. 
The effects of induction of c~tochromcs P-450 on the 
IC,,, for Huroxcne and TFFE arc prcscnted in Tables 
I and 2. The Michaclis constant for flurouene is found 
to bc 76 x 10 ’ M for control microzomcs. Induction 
b\ an) ol’ the compounds utilired in this stud! U;I~ 

&thout marked offcct on the JC,,, value for Ruroxcne. 
For TFEE. how,cvcr. microsomes from all source\ 
except phenobarbital induced animals. exhibit two 

t 

25 

/ 9’ 
.‘. 

t 

1 cl2 
i [FLUROXENE] 

tig. 5. Ell’ect of lturoxene concentratmn on the extent of 
the dill’erence qectrum hith phenobarbital induced micro- 
wmc\: (a). no 2-;lllyl-7.isopropqlacetamide (AIA) added: 
(0). AIA (30mM) added: (A). AIA (6OmM) added. The 
inverse of the absorbance difference in arbitrary units, is 
plotted against the inverse of the fluroxene concentration. 
C>tochromc P-450 concentration 3.82 nmol:mg microso- 
ma1 protein. microwmal concentration 2.0 mg protein ml. 

Fig. 6. Effect of TFEE concentration on the extent of the 
difl‘erence spectrum with phenobarbital induced miw- 
somes; (W), no AIA added: (0). AI.4 130mM1 added. The 
inverse of the absorbance dill’erence in arbitrary units. ib 
plotted against the inverse 01‘ the TFEE concentration. 
Cytochromc P-450 concentration 2.X1 nmol mg microso- 
mal protein. microromal concentration 2-O rns protein ml. 
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Fig. 7. Efkct of (A) fluroxene concentration uith cyto- 

chrome P-450 concentration 3.34 nmol mg protein and (B) 

TFEE concentration nith cytochrome P-450 concentration 

2.23 nm0l mu! protein on their ratcy of metabolism b\i cjto- 
: 

chrome P-430 in phenobarbital-ill~u~~~ hrpatic micro- 
wmc\. The in\crse of the rates. detcrmincd by monitoring 

the corrected rate< of NADPH oxidation. are plotted 

against the inverse of the anacstht’tic concentration. Micro- 

somal concenlration 24 mg prokin ml. bufkr 047 M 
Tris HCI. pH 74. temperature 2X 

separate K,,, values of roughly I.0 x 1OY” iV and 
1.2 x IO ’ M. Phenobarbital induced microsomcs 

exhibit ;I single calculable K,,, of 19 x 10 A M. 

The results of our previous irk rive investigations 

[ 1 I] rcvealcd that the anacsthctic fluroxene becomes 
toxic to rats only when the laels of hepatic cyto- 
chrome P-450 are sufficiently high to catalvse the pro- 
duction of cffectiw conccntra&ns of tosic mctabo- 

0 20 

8 O 

Fig. 8. Efiect of (0). fluroxene concentration Nith t)pe 
1’.450 cylochromes concentration 1.31 nmol. mg protein 
and (m). TFEE concentration with type P-450 cytochromes 
concentration 1.52 nmol mg protein on their rates of 
metabolism bq cytochrome P-450 in 3.4-benzpyrene ill- 

duced hepatic microsomes. The rates of metabolism, detcr- 
mined by monitoring lhc corrected rates of NADPH oui- 
dation. are plotted against the rates divided by the anaes- 
thetic concentration. Microsomal concentration 2.0 mg 
protein ml, buffer 002 M Triy HCI. pH 7-4. tcmpcrnture 
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lite(s). Thcsz investigations also indicated that cyto- 
chrome P-448 either metabolized fluroxene very 
slowly or was unable to produce such toxic metabo- 
lites. possibl), as a consequence of its inability to 
metabolize fluroxcnc at all. It was also clear that 
white TFEE. the chemically rcduccd form of flurox- 
cne. became toxic under conditions of elevated cyto- 
chrome P-450 lcvets the toxic effects were produced 
more slowly than following Huroxcne anacsthesia. It 
became apparent to us that the cxptanations for some 
of these rcsutts could only bc provided by ;,I rilw 
investigations of the interactions of cytochrome P-450 
with the anacsthetics. 

The appearance of ;I t>pc I difl&nce spectrum on 
the addition of certain compounds to isolated hepatic 
microsomes has clearly been demonstrated to be a 
consequence of the binding of those compounds to 
the catal! tic site of ferric\ tochrome P-450[ 161. In the 
present stud) the formation of such ditYcrencc spectra 
(Fig. I ) and the saturating effect of anaesthetic con- 
centrations on the magnitude of the difTercncc spectra 
(Fig. 2). following addition of tluroxenc or TFEE to 
isolated hcpatic microsomes thus demonstrate that 
both anacsthctics bind to the catalytic site of qto- 
chrome P-450. The fact that the binding of tluroxene 
or TFEE to cytochromc P-350 is competitively inhi- 
bited by 2-atlqt-2-isopropylacetamidc (AIA) (Figs. 5 
and 6). is further proof that the two a~aesthctics inter- 
act with the catalytic site of hcpatic cytochrome P-450 
since AIA has been shown to bind to the substrate 
binding site 1171 and to hc mctabotircd b> cyto- 
chrome P-450 [IX]. 

The results of investigations with various inducing 
agents reported here have clearly demonstrated that 
there is no binding of Huroxene or TFEE to hepatic 
microsomal cytochrome P-448. This conclusion fot- 
tows from a comparison of (a) phenobarbital induced 
microsomes. which have elevated cytochrome P-450 
levels. and crhibit dilfcrcncc spectra with Huroxenc 
or TFEF which are markedly enhanced relative to 
uninduced microsomes with (b) 3-mcthylchotanthrene 
or 3.4-benzpyrene induced microsomes. with mar- 
kcdl! enhanced cytochromc P-448 lrvcls which do 
not exhibit enhanced difference spectra relative to un- 
induced controls (Table I ). Thih failure of Huroxcne 
and TFEE to bind to cytochrome P-44X irk rite pro- 
vidcs an explanation for the failure of 3-mcthytcho- 
lanthrene induction to potentiate the toxicity of Ilur- 
oxene anacsthesia i,r ricw [I I]. Apparently. although 
the tcvels of total hepatic type P-450 cytochromcs in 
3-mcthylchotnnthrcne induced rats arc sufficient to 
potentiatc fluroxenc toxicity, since the major con- 
poncnt of the qtochromrs in this case is cytochrome 
P-448. which does not bind or metabolize fluroxene. 
no toxic cfTects are observed. 

The lineal-it: of double reciprocal and A.-l versus 
A4:[anaesthet~] plots of the dift‘crence spectra data 
produced by the addition of var! ing concentrations 
of tluroxenc or TFEE to varioust~ induced micro- 
somes indicates that these compounds bind to ~1 sin,& 
site on the cnqmc (Figs. 3 and 4). The constancy 
of the spectrally dctrrmincd binding constants. K,. 
for tluroxcnc binding to untrcatcd and induced micro- 
somes (Table 1) is probably a conscqucnce of the fact 
that a single type P-450 cytochromc is binding Hurox- 
enc in all the microsomal preparations. i.e. cyto- 




