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Abstract Induction of t)pe P-J50 cytochromcs in rats by i.p. injections of phcnoharhital potcntiatcci 
the toxicity (IOO”,, mortality) of the normally non-toxic anaesthetic fluroxene ( Z.Z.Z-trifluorocthcl \in>l 

ether). The toxic elrects wcrc eliminated by zimimstration of ~-allyl-2.iscrpropylacetamlde prior to 

anac\thcsia. Flcpafic microsomal cytochrome P-450 levels of the dead rats were markedly dimmished 

rolati\.e to unanaesthctlsed induced controls. Induction by ?-methylcholanthrene and 3,1-bcnrpyrcnr 
Jld not potentiatc toxic effects of Huroxenc but anaesthesia after mixed induction with %mcthylcho- 
lanthrene and phenob;lrbital manifested toxicity more rapidly than induction with phenobarbital nlone. 

When ‘.‘.‘-trl~uoroethyl ethyl ether was used ;1s the anaesthetlc similar toxic effects Ncre obscrccd 

ckcept that Ic\~els of type P-350 cytochromes were not depressed at the time of death nnd induction 
M ith 3-methylcholanthrene did potentiate toxic effects with this anaesthetic. We interpret these results 
IO lndlcate thllt cytochrome P-450 catalyses an essential step in the production of toxic met:tbolitcs 

fl-om Ruroxene and that elevttted concentrations of the enqme are required to potentiatc the toxicIt!. 
:tpp:lrently. cytochromc P-44X does not metaholi7e Huroxene and &bated levels of this enlyme therc- 
1;>1-e do not potentiate the toxicit) of Iluroxcns an:rcsthcsia. The abllith of Huroxtcnc to dc\trn> c! IO- 

chrome P-450 resldrs 111 Its vmql group whdc tbc to~c metabolitc arIses from the tritIuoroethy1 molcty. 

Fluroxene (3.‘.3-trifluoroeth~l vinyl ether) is a vola- 
tilt anacsthctic agent first mtroduccd into clinical 
practice in 1953 [I]. Although it has accumulated a 
considerable record of safe clinical usage in man with 
no evidcncc of organ toxicit) [Z. 31, recent work has 
shown it to bc toxic to many animal species [4, 5. 61 
and rvt’n to lTlan under certain circumstances 
17. X. 9. IO]. This toxicity. which includes hcpatotoxi- 
city [ 111. is markedly enhanced by pretreatment of 
the experimental animal with phenobarbital. The tox- 
icit> is considered to result from biotransformation 
01‘ Huroxcnc into toxic tnetabolites such as tritluoro- 
cth;inol &~~ii-midc [ 12, 131 or trifluoroacctaldc- 
hydc 114. 151 rather than to be an cffcct of fluroxene 
itself [4. Ih]. Since phenobarbital is known to induce 
the proliferation of the hepatic endoplasmic reticulum 
and the bioqnthesis of the conlponcnts of the cyto- 
chrome P-450 drug metabolizing pathway [ 171. it 
appeared possihlc that hepvtic microsomal cyto- 
chrome P-450 could hc involved in potentiating the 
toxicit! of Iluroxene anaesthesia [I 11. cspccially in 
\ iew of the localization of tluroxene metabolism in 
Ihc hep:\tic cndophwiic tdiculum [I?]. We will use 
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the terms ‘cytochromes P-450’ or ‘type P-450 cyto- 
chromes’ to represent both cytochrome P-450 and 
cytochromc P-448 (see later). We have consequentl) 
investigated the effect of induction of cytochromes 
P-450 on the toxicity of fluroxcnr and 7.X-trifluoro- 
ethyl ethyl ether (TFEE) anaesthesia in rats with :I 

view to Investigating the role of the qtochromcs 
P-450 in potentiating these toxic effects. and detor- 
mining the mechanisms of production of toxic effects. 

MATERIALS AUD NlC:l-HODS 

Marhds. Sodium phenobarbital (PB) and 3-meth- 
ylcholanthrene (MC) were obtained from Maybaker. 
S.A. and Eastman-Kodak, respectively. 3.4-benlpqr- 
ene (BP) was from Sigma Chemicals. 2-Allyl-7-isopro- 
pylacetamide (AIA) was a generous gift from Hoff- 
man-La Rochc. Nutley. New Jersey. Ampoules of 
sterile saline (09”,,. w/v) were obtained from Petersen. 
Ltd.. S.A. Fluroxcne was supplied by Ohio-Medical 
Products. Madison, Wisconsin. X.2-Trifluorocthyl 
ethyl ether (TFEE) was prepared by hydrogenation 
of Ruroxene using our previously published method 
[IX]. The TFEE was tested for the prescncc of 
peroxides with 5”,, :tqueous KI (w v) immcdi~~telq 

before use. Cylinders of CO and O2 \\erc supplied 
h! Afrox Ltd. All other chemicals were anal>tic:ll 
fradc reagents. Water \\;Is distilled and dcloni/ed. 

il~ir~~tls. Male Wistar rats weighing between 175 g 
and 30Og were used in at1 experiments; animals were 
permitted free access to Epol Laboratorq Chow (pro- 
tcm min. X”,,, fat 3.5”~I, fibre max. h”,,. calcium l4”,,. 
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phosphoru’\ 0.7”,,) and watcr. Induction of qto- 
&I-omc P-450 \+a h! i.p. iiiyiection of sodium pheno- 
barbital (X0 mg kg day m OY’,, stcrilc saline). 
i.l-ben/p!rcnc (40 nip kg, &I) iii corn sit) or i-meth- 
ylcholw~thrcnc (40 mg’kg. da) in corn oil) for three 
coiivx~~ti\c days. One group of rats rcccived sodium 
phenobarbital (X0 mg 1‘4) for I da! only. In the czx 

or ;I sinii~ltaneous induction by sodium phenobarbital 
and 7-iiictli) Icholanthrcn~. the animals rcceivcd the 
;ibovc doses in scparatc i.p. inicctions for 3 coiixxti- 

tive days, (‘ontrol ;minials \+erc iiijccted i.p. \t ith kchi- 
clc for 3 days. All animals wt‘rc fasted wcrnight aftu 
the final injcctivn. and where indicated. anaebthetised 
the‘ follou ing morning. Animals rt‘cw ing Al A \vcrc 
in_jcctcd subctltaneou~l! with a dosage of 200 mg, kg 
(70 mg,ml in WY,, stcrilc saline) in the look skin 
of the ncch I hr prior to anaesthesia. Rats wcrc anass- 

thetiscd in groups of ten or lchs in ;i special pci-spa 

anac\thctic chamber (30 x 30 x 60 cm). Animals 
v,cre placed w ;I fcncxtratcd fool- raised X cm from 
the base of the chnmbcr. the space below the fcncs- 
tratcd Hoor being occupied b> standard anaesthctic 
sodalimc. The anaesthetic (fluroxcnc or TFPE). 
\apoi-ised b\ ;i 5 I min strum of oxygen through ;I 
C‘!pranc Fl&~romatck \aporiscr. \+;Is passed ah ;I w- 

t inuotix stream into the anaesthctic chamber through 
ai inlet port sital at one corner bancath the fines- 
tratcd tloor and cxhaustcd through an cuhaust port 
sited at the diagonalI\ opposite upper corner. A Ilo\+ 
rate of this order \V;LS shown to result in CO 1 cow 

centration of <WI”,,. ?Ininiats wcrc cxposcd to ;I 1 
hr period of anacsthcsia of ;I level approximateI! 
cquivalcnt to that which would he attained tv the 
minimum anawhetic concentrution of the respective 
agent. this being achiewd 1~) eq7osurc of aninial~ to 
a 7”,, concentration of Iluroxenc or TFFE. Unanaes- 
thctiscd control animals in these cxpcrimwts wre 
aposed to air. Iii stibscqwnt euporiments in which 
unanacsthetised control rats wrc exposed to 0, only. 
no diUcrences in the parameters under consideration 
wcrc noted. Toxicit! was judged b! death after anacs- 
thcsia. Animals not d) ing \vcre sacrificed b> cervical 
fractirrc. Li\er \\eiqht ws dctcrmined imnicdiatot~ 
aftci- cwGon of thp liver. 

/‘W~UIIYI~~~JI of ,Ilic,io,\o,llc,,\. Livers were exci>cd 
fl-om animals Lvithin minutes of death. A portion of 
the li\ci- ws lixcd in IwfTercd aqueous formaldchydc 
(IO”,, I \ I for histological investigation and the 
remainder \+;is utililcd for the preparation of micro- 
somes b! differcntinl ultracentrifugation [IY]. Pro- 
twin concentration \~;Is dctcrmincd b) the method of 
I.ow! (‘I (I/. [20]. a:, modified by C‘haqkin 171 ] using 
ho\ inc serum albumin as ;I standard. 

.S/~c,c.f~.c~/~/~olc,,llc’lr.l.. M icrosomat suspensions (pro- 
ICIII concentration 2 mp ml) were divided between 
tv,o cuvcttcs of l-cm optical path length. Differcncc 
:tbsnrbancc spectra of microsomal suspensions wru 
rccordcd at I-omi tempcratur-e in a L!nicam SPI 800 
rccording spectrophotornetor using the cell holder 
adjacent to the phot”mllltiplier. Microsomal c! to- 
chrome P-450 content \+ as determined by the CO dif- 
fcrencc spectral method of Omura and Sate [71]: it 
should bc noted that total type P-450 cytochromcs 
wrc mcasurcd. and that these values include the con- 
tributions of both c> tochromcs P-350 and P-44X to 
the total. 

‘I‘o.\.ic.i/j. o/ ~~II~YI.\~w tr,~~w~/~c~sio. The cti’ccts ol 
various inducing agents of q tochromes P-450 on the 

toxicity to rats of Huroxene anaesthesia arc reported 
in Table I, Injection of saline alonc or in conjunction 
with cuposurc to Yc, tlurownc auesthusia for 2 hr 
did not produce: toxic effect5 and did not affect cyto- 
chrome P-350 content per m g of microsonial protein 
or the ratio of liver to body \4cight rolatiw to iin- 

treated control animals. 
Phenobarbital trcatmcnt of animals lilt- three daks. 

as described in Methods. resulted in ;L 2.6fold in- 
crcasc in c! tochromc P-350 le\cls anti 2 4ight in- 
crcasc in liver weight but PI-oduccd no tovic clkcts. 

All rats induced with phenobarbital and subscqucntlq 
anaesthetiscd with tluroxcnc died bctwccn I and 3 

hr after the termination 0r anaesthcsia ( IOO”,, morta 
lit) 1. Immediately after death. thcsc animals wci-c 

4~0~ to hn\c 3 7wdd dcuease in cytochromcs 
P-350 content and markcdlq cnlargcd livers. rclati\c 
to unanaesthctiscd phenobarbital induced controls. 

The toxic effects of fluroxcne anacsthcsia obscr\cd 
in phenobarbital prctrcated animals wcrc ptuentcd 
b) trcatmcnt of the animals with AIA I hr prior to 
anacsthcsia. No deaths wcrc observed in this lattu 
group. The animals appwrcd normal at the time 01 
sacrifice and up to that time demnnstratcd none of 
the symptoms of the phenobarbital induced Iluroxcnc 
anacsthctiscd animals (q. crouching. staring coat 
LY]. glass! qcs. sluggishness. hlccdinp cvelids). f. ur- 
therniorc. Hurownc anacsthcsia apparenti! dots not 
elicit an> marked cllct on cytochromey P-450 content 
or li\er I\ eight in phenobarbital mduccd AIA tt-cated 
rats. relative to Lunun~~~sthctis~d phenobarbital iw 
duccd AIA treated animals. 

Prctrwtmwt of animals aith phenobarbital for I 
day only. elcwtcd qtochromes P-450 le\cts approxl- 
niatrl! 2-rdd rolativc to control animals and was in 
itself non-toxic. Flurownc anaestht‘G;i 0r animals in- 
duccd in this manner XI:, less tosic (W,, mortality). 
and the animals that did not die subsequent to ;IIIXX- 

thcsia appwred normal prior to sa_3+icc at 190 hr. 
Iii,jection with corn oil. the vchiclc for induction 

with polvcwlic hydrocarbons. dots not alTcct the 
hepatic &&osomal cvtochromcs P-350 le\cth but 
doe incrcasc liver w&it rclatiw to ulinc-injcctcd 
or untreated controls. The above cll’wt\ uerc‘ not 
altered 1~) suhsequcnt Ilurowne anaesthcsu 

Iiijectiun d 3.4.bcnrp! rcnc or 3-mcthglchol~~nth- 
rcnc: suspcndcd in corn oil incrcascd le\cts of type 
P-450 cytochronics approximately 2-m md in- 
crossed liver \vcight rclativc to corn oil controls. Sub- 
seqticnt Ilurowie anacsthcsia wa’i non-toxic md did 
not all% qtochromc Icwls and li\ci- \vcight 01 
3.4bcnqy rt’ne induced animals but did slightI> 
reduce the cytochronic Icvcls d thaw r:tts pretreated 
M ith i-meth~tcholarrthrcnc. .After li\c d;1~,5 the L‘! to- 
chronic content and ti\cr \4eieht of the llurowne 
anaesthetiscd rats dccrcased to Lcithin the range found 
for control animals. The appearance and bchaviour 
of the anacsthetisccl animals \+xs complctcl! normal 
at the time of sacrifice. 

Mixed induction b) lri.jectwn of 3-methqlcholanth- 
rcnc plus phenoh-bital elewteti \c\cls of both qto- 
clirorncs P-43X and I’-450 and rsstlltcd in incl-cacd 



Toxicity of fluroxenc anaesthesia 

Table I. Toxicity of fluroxene anacsthesia 

Pretreatment* 
(no. rats) Anaesthetiscd 

Time of deatht 
(hr) Toxicity 

C>t P-450 
(nmolbmg 

microsomal 
protein) 

\vt. live1 
wt. hod! 

(I’,,) 

Untreated (2) 
Saline (2) 
Saline (2) 
PH (4) 
PB (Y) 
PB + AIA (‘1 
PB + AIA (2) 
PB + AI4 (2) 
PB + ALA (2) 
PB + AIA (2) 
PB (3): 
PB (2): 
PB (3,: 
Corn Oil ‘saline (2) 
Corn 0il;saline (2) 
PB + MC (2) 
PB + MC (51 
Corn Oil (2) 
Corn Oil (2) 
BP (7) 
BP (6) 
UP (2) 
MC (31 
MC (‘7) 
MC (3) 
MC (21 

+ 

+ 

+ 
+ 

I 

+ 

K34 
K24 
u4 
I ~3 
K ‘k 0,s I * 0.02 
K24 0~91 + 0.01 
K166 
K34 
Kl41 
KO 
IX 
ti I90 
K3 
K’ 
K2 

K34 
K24 
K24 
K.24 
K140 
K24 
Kl90 
KZ4 
K190 

I.27 f 0.12 
I.31 4 0.10 
I .32 + 0~02 
3.42 + 0.34 
1.3 & 0.13 

0.99 + 0.04 
0.75 f 0. I5 
0.9x 1 0.07 
1.37 -.. * 0.17 
I.41 
09x + 0.14 
I.28 _+ 0.17 
I.16 + 0.15 
4.87 i_ 0.32 
I .91 + 0, I7 
I.27 i O,l2 
1~10 ? 0.20 
I.86 t 0.09 
I.57 * 021 
I.31 2 0.03 
2.47 + 0.11 
I.33 z 0~09 
I.52 + 0.29 
I.51 i_ 0.04 

2.76 + O-22 
1.07 i_ 0.29 
3.37 * 063 
-3.3 + 0~05 
4.63 i 0~13 
3.X3 * 0.0x 
4.X2 & O~OI 
3.30 i 0. IX 
4.70 * 0. IO 
269 + (I.02 
4.07 & 0. I6 
4.36 
4.14 + 0.29 
3.M + 0.3 I 
3.72 + wx 
5.10 _t 03X 
6.06 i 0.44 
3.7.5 * 0.16 
397 * Mi 
3.39 2 0.02 
4.31 * 0.31 
3.41 & 0.21 
4.x I f ow 
4.Xx + 0.15 
4.X9 r 0.79 
4.61 + 072 

Anacsthesia for 2 hr at 3”,, lluroxenc. All values are means +S.D. For experimental details see text. 
* Abbreviations used are: BP. 3.4benrpyrene; MC. 3-methylcholanthrcne: PB. phenobarbital; 41A. ~~II~l-~~o-l~r~~~~~l;~cc- 

tamide. The first two compounds arc injected in corn oil. the remainder in saline. 
i From the end of anaesthesia or. if not anaesthetired. from the equivalent time. K indicates that the animals were 

killed. 
: Injected with only I dose of PB (80 mg,kg) I da! prior to anaesthesia. 
\\ Killed at a time equiwlcnt to the beginning of anaesthesia. 

hepatic weight and cytochromes P-450 content in 
excess of that seen for either type of induction indivi- 
dually 1241. but was in itself non-toxic (OO,, mortality). 
Fluroxene anaesthesia of these induced animals 
resulted in loo”. mortality within 2 hr of the end 
of anaesthesia. A marked decrease in cvtochrome 
lc\els and an increase in liycr \\cight rcla;i\c to the 
unanacslhctlscd but similarI> induced animals \\erc 
also noted. 

To.~ic~it~~ of TFEE trrwr.sthc.sirr. The effects of TFEE 
anaesthesla on rats with clevatcd levels of cytochrome 
P-450 and/or P-448 are reported in Table 2. Anaes- 
thesia with TFEE did not affect animals injected with 
vehicle except for a slight increase in liver weight in 
the case of saline. 

In phenobarbital-induced rats. anaesthesia with 
TFEE was toxic: loo”,, mortality was observed within 
35 hr after termination of anaesthesia at which time 
a slight decrease in cytochromes P-450 content and 
an increase in liver weight were evident. Treatment 
of phenobarbital-induced rats with AIA prior to an- 
aesthesia with TFEE completely protected the ani- 
mals from the toxicity of anaesthesia (O”,, mortality). 
Cytochrome levels and liver weights in unanaesthe- 
tised and anaesthetised rats receiving phenobarbital 
and AIA were comparable. 

TFEE anaesthesia of X4-benzpyrene induced ani- 

mals was non-toxic (O”,, mortality) and did not alter 
the levels of type P-450 cytochromes but did diminish 
liver weight relative to that found for unanaesthetised 
benzpyrene treated controls. SMethylcholanthrcne 
induction did potentiate the toxicity of TFEE anaes- 
thesia (80’!, mortality) without markedly affecting 
cytochrome P-450 levels but decreased the liver 
weights in the animals that died. Increasing the 
duration of TFEE anaesthesia to I60 min for Smeth- 
ylcholanthrene induced rats increased mortality to 
IOO”,,. Administration of AIA after Smethycholanth- 
rene induction did not noticeably diminish levels of 
type P-450 cytochromes but did overcome the toxic 
effects of TFEE anaesthesia. 

Induction with phenobarbital and Smethqlcho- 
lanthrene together potentiated the toxicity of TFEE 
anaesthesia more than phenobarbital alone. TFEE 
lowered the levels of type P-450 cytochromes of these 
induced rats only very slightly. 

Our experiments on the effects of various microso- 
ma1 inducing agents on the toxicity of the anaesthetic 
fluroxene were initiated to explore the role of the 
cytochromes P-450 in potentiating this toxicity and 
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Table 2. Toxicity of 2.X-trifluoroethyl ethyl ether (TFEE) ;tnac~theslu 

Prctrextmcnt* Time of dcatht 
(no. rats) Anaesthetised (hr) Toxicity 

IIntrcated (2) 

Saline (2) 

Saline (3) 

PB (3) 
PB (XI 

PB + AIA (2) 
PB + AIA (2) 

PB I’) 
PB + AIA (3) 
C‘orn Oil,Saline (2) 

Corn OilRGdinc (2) 

PB + MC (3) 

PB + MC 15) 
Corn Oil (2) 

C‘orn Oil (2) 

BP (1) 

BP (3) 
BP (‘I 

MC‘ (51 
MC‘ (4) 

MC‘(I) 
MC‘ + AIA (3) 
MC + AIA (3) 
MC‘ + AIA (3) 

MC (51: 

+ 

K’3 

K23 
K2-1 

(j 35 

K Lk 
K3h 
Klh 
K3h 

K23 
K2 

KZh 
Ii 76 

K25 

K’3 

K14 

K24 
K13.5 

KG 
27 76 

K113 

K 2b 
Kl64 
K 164 

I7 ‘4 + 

~~\~;Ic\I~c\I;I for 2 hr :\t 3”,, TFEE. All values arc means f S.D. For cxperimcntal ~lctaila SW tczl. 
+ \hbl-~\~at~~ns u~d are: BP. 3.4benrpyrene; MC’. ?-177cthylcholanthrcne; PB. phenobarhltnl: -ZIA. all~l-r\~~-l~r~~~~~I;~~~~ 

t~unidc. (The first two compounds are Injected in corn oil. the remainder in sallnc.) TFFE. 1.2.2-trll~uor~,cttl~l cth! I 

ether. 
I- From the end of anaesthesia or if not anaesthctwed from the equivalent time. K mdutcs ;1mm;11\ ucrc hlllcd 

: Anaesthesia for 2 hr 40 min at 3”,, TFEE. 
b Killed at ;1 time equivalent to the beginning of anaesthesia. 

to detcrminc the mechanism whereby the toxicity is 
generated. 

Type P-450 cytochromes are a heterogeneous 
group of enzymes that metabolize an extremely wide 
variety of substrates. In general, this class of enzymes 
catalyses the detoxification of hydrophobic xenobio- 
tics by converting them to relatively more hydrophi- 
lic water soluble compounds which are more readily 
cxcrctcd from the body. although in some instances 
the metabolites are more toxic than the parent com- 
pound [25]. A variety of compounds have been 
demonstrated to induce the biosynthesis of cyto- 
chromes P-450. These inducing agents are classified 
into two major groups: (I) those which induce cyto- 
chrome P-450 and (2) those which induce a similar 
enzyme. cytochrome P-448 (also called cytochrome 
P,-450) 1261. Phenobarbital is an example of the first 
type of agent. This compound also enhances the pro- 
liferation of the endoplasmic reticulum and elevates 
the levels of NADPH-cytochrome c reductase and 
cytochrome h, per mg of microsomal protein [ 171. 
The second class of inducers includes polycyclic aro- 
matic compounds such as 3.4-benzpyrene and Smeth- 
ylcholanthrene which do not increase the prolifer- 
ation of the endoplasmic reticulum or the synthesis 
of microsomal NADPH-cytochrome c reductase or 
cytochrome h,. These polycyclic hydrocarbons appar- 

entl! onlv induct the 5~ nthcsis of c) tochronic I’--l-IX 
which dikrs fl-om c> tochromc P--Ii0 \\ ith reg;lrcl to 
substrate specificity. spectral properties and scnsiti\ it> 
to inhibitors 1261. Mixtures of thcsc two (or morel 
type P-450 cytochromcs arc apparently alga>\ PI-CY- 
cnt in hepatic microsomes, regardless of the prctreat- 
ment of the source animal. In phenobarbital induced 
and uninduced animals, cytochromc P-450 predomi- 
nates. while in polycyclic hydrocarbon treated ani- 
mals. cytochromc P-338 prcdominatcs IX]. Wc I\ ill 
USC the tcrminolog) ‘q tochrome\ 1’.450‘ or ‘t)pc 
P-450 cytochromes’ to refer to both c! tochronic 
P-450 and P-448. whereas ‘cytochromc P-450’ 01 
‘cytochrome P-448’ rcfcrs to the specific cn/!mc mcn- 
tioned. 

The observed cfiects of the vario~is inducing agent\ 
in potentiating the toxicity of fluroxcnc anacsthesia 
can now be considered in relation to the ~nccl~;~~~iw~ 
of toxicity. The fact that uninduced rats. with Ic\cIh 
of hepatic microsomal qtochromes P-350 of approxi- 
mately 1 nmol/mg microsomal protein. arc not htis- 
ceptible to the toxic etrects of fluroxenc anaccthcsla. 
while phenobarbital pretreated rats. with appro\i- 
mately a three fold elevation of qtochromcs P--&W 
levels are highly susceptible (lOO”,, mortalit) ). (Table 
I) implies that the metabolism of lluroxcnc ih 
enhanced as a consequence of the inductive pt-opcrties 



Toxicit) of tluroxene anacsthesia 777 

of phenobarbital. Since phenobarbital induces a 
number of microsomal proteins. the enzyme(s) caty- 
lyzing the rate-limiting step of this metabolism is (are) 
not determined by this experiment. The effect of AIA. 
however. in overcoming the toxic potentiating effects 
of phenobarbital (Table 1) on fluroxcne anaesthesia 
unequivocally dcmonstratcd an essential role for cyto- 
chrome P-450, since AIA specifically degrades cyto- 
chrome P-450 while not alfecting other microsomal 
proteins (e.g. cytochromc hi or NADPH-cytochrome 
c reductasc) or reversing other non-microsomal effects 
of phenobarbital 127, 2X]. Thus. while other microso- 
ma1 enzymes definitely play a role in the metabolism 
of fluroxcnc. elevated levels of cytochrome P-450 are 
c\sential in potentiating the toxicity of fluroxene. 
Apparently. cytochrome P-450 is involved in an 
essential step of the metabolism producing the toyic 
metabolite and mechanisms such as those involving 
the effect of phenobarbital on other subcellular com- 
poncnts can be excluded. 

The failure of induction by 3-methylcholanthrene 
or 3.4bcnrpqrenc. which produces elevated levels of 
cytochrome P-4-1X. to potentiate the toxicity of flurox- 
enc (Table I ). is apparently not a consequence of in- 
sufficient concentrations of type P-450 cytochromes. 
In these animals the total type P-450 cytochrome 
Icvcls arc apprc’ximatel! 2 ~~molc. mg microsomal 
protein which IS similar to the level obtained follow- 
ing phenobarbital induction for one day. a treatment 
which does produce toxic elTects subsequent to anaes- 
thesia (Table I ). There arc several possible explana- 
tions for tho toxicity differences observed between in- 
duction by phenobarbital or by 3-methylcholanthrene 
and ?.4-benrpyrene. which arc still consistent with an 
essential role for cytochrome P-450: 
(a) c‘! tochromc P-43X. in contrast to cytochrome 
P-450. may be protecting the organism by converting 
furoxcnc to non-toxic mctabolitcs. 
(b) In view of the different specificities of cyto- 
chromes P-34X and P-450. cytochrome P-44X may 
mctaboli7c Iluroxene slowly compared to cytochromc 
P-450. or not at dl. 

(c) j-Methqlchol~lnthrcnc may produce physiological 
or biochemical changes which are not directly in- 
volved with the microsomal system but which prevent 
furoscnc anacsthesia from mediating toxic effects. 

The first possibilitv involbing the production of dif- 
fcrent and non-to;ic metabolites by cytochrome 
P-44X appears to be hi+@! unlikely in view of the 
results of studies Gth mlxcd induction by phenobar- 
bital and .i-meth\ Icholanthrcnc (Table I ). The double 
induction potcntiatcs the toxic effects of fluroxene an- 
aesthesia even more rapidly than induction by pheno- 
barbital alone (time of death subsequent to anaes- 
thczia is used as an index of toxicity). In contrast. 
in \ic\i of the competition bctwecn cytochromrs 
P-450 and P-44X for the substrate fluroxcne in the 
doubly induced animals. it would be expected that 
;I reduction of toxicit! would occur if scheme (a) were 
operative. WC can suggest no situation. where the 
suggestion outlined in scheme (c) could arise. to 
explain the results observed. Confirmation of scheme 
(b) requires establishing whether cytochrome P-4438 
binds to and metabolizes fluroxcnc. Our studies irl 
vitro of the interaction of Iluroxcne with microsomes 
induced for c! tochrome P-34X or P-450 indicate that 

although cytochromc P-450 forms a spectrally detect- 
able complex with and metabolizes Huroxenc, cyto- 
chrome P-448 does neither [29]. Apparently. then. the 
failure of the induction of rats with 3-methylcholanth- 
rene or benzpyrene to potentiate the toxicity of flur- 
oxene follows from the failure of cytochrome P-44X 
to metabolize the fluroxcne. 

The results of preanaesthetic induction of hepatic 
mlcrosomal cytochromes on the toxicity to rats oi’ 
TFEE anaesthesia were compared with the results 01 
the investigations of furoxene anacsthesia. to identify 
the portion of the fluroxene molecule in which the 
potential toxicity resides (Tables 1 and 2). Since 
TFEE and Huroxene anaesthesia exhibited similar 
effects under conditions of no induction. benzpyrenc 
induction. phenobarbital induction or mixed induc- 
tion with phenobarbital and 3-methylcholanthrene 
(Tables I and 2). it is clear that the potential toxicit) 
resides in the trilluoroethyl moiety of tluroxenc rather 
than in the vinyl group which is not present in TFEE. 
There is ample support for the metabolism of the flur- 
oxene molecule to trifluoroethanol glucuronide or 
trifluoroacctaldchyde irl r%o. and the toxicity of tri- 
fluoroethanol and physiological derivatives thereof has 
been demonstrated [I 31. However. although our 
results indicate that the toxicity arises from a metabo- 
lite of the trifluorocthyl portion of the fluroxene mol- 
eculc. wc have no evidence that the toxic effects 
obscrvcd in this study arise directly from a particular 
metabolite such as trlfluoroethanol or its glucuronide 
or trifluoroacetaldehyde as proposed elsewhere 
14. 14. 151. 

The unexpected observation that induction with 
3-methylcholanthrcne potentiates the toxicity of 
TFEE is difticult to explain cspccially in view of the 
failure of 3,4-benzpyrene to produce a similar effect. 
We have concluded from irl rirro stud& that hepatic 
microsomal cytochrome P-44X does not bind or meta- 
bolize TFEE 1291. It could be postulated that the 
cytochrome P-450 component of the type P-450 cyto- 
chromes present after induction with ?-methylcho- 
lanthrene in thcsc experiments is of a high enough 
concentration to potentiate the toxicity of TFEE. This 
simple explanation is. however, unlikely in view 01 
the failure of 3-mcthylcholanthrenc induction to 
potentiatc fluroxcne toxicity. This aspect is undergo- 
ing further investigation. 

Comparison of the toxicity of fluroxenc and TFEE 
indicates that since equivalently-pretreated animals 
expire earlier after fluroxcne than after TFEE anacs- 
the&. the former agent is probably metabolised more 
rapidly by cytochrome P-450. In confirmation. we 
have demonstrated that fluroxenc is a better substrate 
for hepatic microsomal cytochrome P-450 ;U r’it~j 
1291. Even though Ruroxcne is mctabolizcd b!, micro- 
somal enzymes it does not induct elevated Icvels of 
cytochromes P-450 [I?]. 

Although the vinyl group of the Ruroxcne molecule 
has no apparent role m the observed toxicity of Rur- 
oxenc anaesthesia, this moiety appears to he necess- 
ary for the fluroxcne induced destruction of cyto- 
chrome P-450 observed i/l riw (cf. Table I and Table 
2). since TFEE, without the vinyl group. does not 
produce any similar destruction. Fluroxcne-mediated 
destruction of cytochrome P-450 is of the greatest 
magnitude in phenobarbital or phcnobarhital-plus-3- 
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