
\non.Eiin. or inn or� �(-(in.onv, 9, 398-404

(‘ojlyrlght ,1’ m973 LV �cadeizizt Press, nnc.
All rights �f r(-;rI(lucIiIn in any flrni reservell.

The Role of Cytochrome P-450 in N-Hydroxylaiton

of 2-Acetylaminofluorene

SNORRI S. rFHO!IGEmltssoN DAVII) .J. ,JOLL0W, HENRY A. SASAME, IRA (IIEEN,

AN!) .JERIII H. MITCHELL

Loborator!/ of Chemuiical Pharmacology, _Vational Heart an(1 L ii mug Immsl it u/c , (1/md Laboratoury omf Immnuuiumnology,

.Va/iommal Imustitute of Allergy 011(1 lumfectiotos Diseases, Beihesola, .itarylaumd 200/4

(I4eo-eived November 20, 1972)

sumi MAnlY

THORGEIRMSON, SNORRI S., JOLLOW, I)Avmn J., SASAME, HENmIv A., GREEN, IRA, AND

MITCHELL, ,JERRY it. : The role of cytochrome P-450 inn N-hydroxylationn oif 2-acetyl-

aminofluorobuc. 211o1. Pliarmnacol. 9, 39S-404 (1973).

Tine role of cytochnrome P-450 mLxed-funnctionn oxidases inn the N-oxidatiomn of 2-acetyl-

aminofluorene has been studied. N-Hydroxybationn of 2-acetylaminofluorense ins liver micro-

somes fronu mic( or hamsters ‘s’s-as- insinibited by a carbon monuoxide-oxygemn (90: 10) atmos-
phuere. Prior treatm(mlt of mice with cobabtous chloride for 3 days decreased both the amounut

of cytochrome P-430 and the rate oif N-hydroxylat.ion of 2-acetylaminofluorense in liver
microsomes by 35-60 #{182}�. Immune s(rum arid partially purified immunne -y-globubin againnst
microsonnal NADPH-cytochromo c reductase markedly iiniuibited both tine N-hvdroixyba-
tionn of 2-acet.ylanuinnofluorene amid N-demcthylationn of ethylmorphinne inn liver microisomes
froim hsamsters. These results insdicato’ tha.t N-acotybmirylamimnes cmumsho’ N-oxidized by a cyto-

chrome I �-450-depo’nndennt mixed-funct ion oxidmn�e inn ii von microsomes.

INTROI)UCTION

‘i’ise ‘svo1l�knsoi’svmn toxici tios of N-acotylaryl-

aminserr, such as aeetamnilide and 2-acetyb-
aminso)fluoronne, are holieved to result from a
toxic nuotabolite arising thnroiugh N-oixidatioin
(1-3). \Vlsetiner N-oxidations of tinese sub-
Stmunsc(5 is nn(’diatecl 1)\ cytochrome P-450 or
by muin mni-eytociur nine P-430-depemndenit fimivo-

pr(mteimn is unncertmsimn (4, 5). Thus pmiper pre-

senits evidennce t.hnat 2-acetvlaminofluorenne is
N-oxidized by a cytochrome P-430 mixed-
funot i inn oxidmuse ins liver microsonnes.

MATERIALS AND METHODS

[9 4CJ2�&oet\’lmtmim5ofluorene was obtained

froinnu New Emsgland Nuclear Corporation
‘svitin a specific activity of 10.13 mCi /mmole.
Tho purity of tine radioactive compounnd ‘sva�s

greater t.inan 99.9 % as siuo’svnn by tinins-layer

chromatography onu silicic acid (solvenst sys-

tern, chloroform-metinansol, 97: 3). All other
reagcnnts ‘s’s-crc tine i)(st available commercial
grades. Ouchutenbomny plates for determimsation

(if tue double-diffusioinu patterns of antigen-

anut.ibody precipitation reactions ‘s’s-crc pur-

cinased from Hyland Lmiboratories.

Preparation of ft icrosomal fraction . �\ hero-
somes ‘svere obtainued from male goiden

Syrian hamsters 6-7 ‘s’s-eeks old and nuale
GP mice (22-24 g) from the National Insti-
tutes of Health Animal Production Sectiomn.

Amsinnals ‘s’s-crc killed by decapitation, amid

their livers were isomogennized ‘sviths a motor-

driven ghass-Teflonu inonuogenizer in 2 volumes

of 1.15% KC1 contauniinsg 20 mm Tris-KCI

buffer, pH 7.4. The homogenate ‘s’s-as cemutni-
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fuged fur 20 nuini at 90()() X �j inn muSoirvmuli
cenutrifuge, mind tine sup(m-natanit fluid ‘s’smus

carefully decaint (‘ci and r o( tnt ni fulg(’d i in 60
nuimu at 103,000 X y iii a Spinico nnnodeh L

i)reparativo’ uibt mmnccmst mifuge. ‘i’hno niicroso )mal

l)ellet wmus ‘svashsed tWice hi’s n(suSp(Iusiomn ins
Tris-T�Cb buffer mumsdrocenstrifuged foir 60 nninn

at 105,000 X �j its a Spinscoi nnodo1 L l��Pa�a-
tive uhtracennt ri fuge. Tiso washed munier u-to annul

pellet ‘s’s-as resuspensdo’d inn 0.1 mi P1s0i51)inmite

buffer, pH 7.4, �)r�or to imsdui)ati(in.

\licro)somes were I)nepmur(’(I inn ideniticmnl
fashiomi from mie( that had beenn troated ‘svithn

cobaltous cinlorido (60 nng,’kg instraporito)-
neally daily for 3 days), 24 inn after tine lmist
injection. Conntrol mie( r(oeive(l insjoeti(inus of

0.9 % sodium cinlonide.
Protein ‘s’s-as ostinnmuted accordinsg to tine

method of Lowry et at. (6).

Prepavatiun of antibody against NA DPH-

cytochrome c oe(iuctase. NADPH-cyt ochironne

C reductase ‘svas isolated annd purified accoird-

ing to tine method of Omura annd Tabusue
(7) from liver microsomes obtainsed lronn

male rats (Hornuonse Assay Laboratories,
120-130 g) after adminnistratiomn of phemno-

barbital (70 nng/kg for 3 days). Female goats
were immunized against the 200-fold purified
NADPH-cytoclnrome c reductase. Eachi goat

received one inntradermal injection of 4 mg of

enzyme mixed ‘s’s-ith Freund’s complete adju-
vant. Tisree ‘sveeks after the initial innjectionn,

ann intramuscular injection of 2 mg of tine
ennzyme mixed ‘s’s-itlu 1�reund’s inncomplete ad-
juvant ‘s’s-as givenn anid repeated 1 ‘sveek later.
Tern days after the final injections, blood ‘s’s-as
dra’svns annd serum ‘svas oi)tained by cenntnifu-
gation of the clotted blood (immune serum).

Blood obtainncd fronu tine goats l)nior to im-
munuization served as a control ins thse emnzy-

matic assays (preimmune serum). Tine

‘y-globulin fractiomn of tine serum ‘svas partially
purified by repeated precipitatiomus at 33 #{182}�
saturationn m’sith ammonium sulfate, followed
by dialysis against 0.02 mn phospisate buffer

(pH 7.4) to remove tine ammoniunu sulfate

(8).
Assay methods. The fomnnaldeiuydo formed

by N-dennetisylatiomi of ethylmorpininne was
measured by tIne met.hsod of Nashs (9).

Tine imncubationn nnixture, inn mntotal volunne
of 5.0 ml, comitmuined 20 mum phosphate buffer

(pH 7.4), 75 nun KCI, 100 nun Nal’, 0.83 mum

NAI)P, 10 nun i�mlg(’l2 , 20 nun glurmso’ 6-

P1�� isiiiimito, 4 (.�mszynii( units ( ml glu(( ms( ()-j)li( is-

pinate dehydnugenimuse, muni(1 0.20 nnun [9_14( ‘j2-
acetylnunuuimamfluoirenue slnh)stmat(. �Flie somdiunn

fluoniobo ‘s’s-as imielu(bod too inuhui)it. demucetvhnntionu

(4). i’lie innicnisoniual I)rot(inu

‘s’s-ins I rug nsil. Proininnunue and insnnunse sen.a

cur l)nuI�tim1llYpurified -y-gbo)i)ulinss\Ver( acb(b(’(1

to t in( imsOui)nit i( )i1 nnixturo’ ‘svlueno iii(hi(nite(b.

I�hmicti(i1uS w(re (mirried omint at :37#{176}i� �u
1)ubnoff shakinsg inoui)mutoim- foir �30 � (fir-

insg \viui(is tinino tis( remuctiomn n’nntos ronnnuini(d
consst mm

N - H�-droxy - 2 - aoetylamnsimnofiuomrene ‘s’s-mis

measured i)� tWo) nuotisods. (a) Tl’he fonnic
ciselate of tln( hnydnomxannnic aci(1 ‘svmus nssemu.-rured

spect.ropino)t o)nnetnically mucc( ordinsg t o tine
method of Bootin amid Bovlannd (10). (b) rfie
‘4C-babeled inydroxmunuic acid ‘svas purified by
thins-layer cinrommit ograpiny (solvent syst (‘nfl,

chhorofonm-nnetismimsol, 97 : 3 ; miutisemitic �V-iny-
droxy-2-mncetvlamimiofluorense used mis stmunn-

dard) ansd the radioactivity ‘s’s-mismemusurod by
scinitillatiomn sI)(etrom(tr) (5, 11).

To detemnninse tine sennsitivit.y of tine roac-
t.ionn to carbon monuoxide, tine atnnosphnere ins
stoppered, iced inncubatiomn vessels containuinug
the complete reactions nnixture ‘svas evacumited
five times annd replaced ‘svithn a 90 % CO-l() %
On ga-s nnixture through a t’svo-way stoipper.

Conntrol vessels ‘s’s-ore treated similarly ‘s’s-it.is a
90 % N2--10 % 02 gas mixture. The incuba-

tion vessels were then incub)ated as desonihed

above.
Tine amount of cytocinronnie P-450 in the

nnicro)somal fmactionn ‘s’s-as estimated b� tine

nuethod o:if Omura anud Sato (12). Tine nu(tiv-
ity of NAI)PH-cytociirome c reductmise ‘svart

measured accordinsg to tine nnnetisod of W’illimunn

amsd 1’amimn (13), usinug luo)nse heart oyto-
cinrome C as the substrate.

RESULTS

The N-hydroxylatiomu of [9-’4C]2-mieetvl-

anninnofluorene re(luir(d oxygens nina! NAI)PH

anud ‘s’s-as signnificanst.ly insisibited by a eanlionn
nnomnoxide mitnno)spinere (90: 10) inn liver nuoro-

somal preparationss from tine nuouse munsd

inamster (Table 1). fhi( nnetai)(ilite, V-my-

droxy- [9- ‘4Cj2-mieetylanninuifluoremie, ‘s’s-mis isoi-

Imnted by thuinn-lmtyer cisrommutograpisy (3, 11)
and nneasuned by scinntihlmitionu spectronutry.

Sinnilan results were obtainned by unsing tine
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FIG. 1. Mass spectrum of N-hydroxy-2-acetylaminofluorene

The N-hydroxy metabolite was isolated from the microsomal incubation by solvent extractions and

purified by thin-layer chromatography. An LKB-90005 mass spectrometer was used.
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ferric chelation method (10) for measuring

the hydroxamic acid.
Tine structure of tine isolated metabolite

was verified by mass spectrometry (Fig. 1).
The mass spectrum showed a molecular ions

TiIon�E 1

Inhibition by CO of N-hydroxylatiomu. (if X-2-

acelylanm inofluoren e by niouse a mud haooster

liver mnicrosomes

Experiments were carried out ursder a 90#{176}�
CO-l0% 02 atmosphere. The N-hydrmry metab-

olite was isolated by solvent extraction and thin-

layer chromatography and measured by scims-

tihhation spectrometry . Values are expressed as
means ± standard errors of 10 determinations.

In control experiments the C-oxidation of ethyl-
morphine by mouse and hamster liver microsomes

was inhibited 75% (from 9.2 to 2.3 nmoles/mg/
mm) and 80% (fronu 6.5 to 1.3 nmoles/mg/min),

respectively, under the same carbons monoxide-

oxygen conditions.

Conditions N-Hydroxylation Inhibi-
tion

nmnoles/mng/30 mm %
Mice

Control 2.90 ± 0.18

CO-treated 1.74 ± 0.21� 40
hamsters

Control 4.80 ± 0.34

CO-treated 1.68 ± 0. 12’ 65

aValues

(p < 0.01).

significantly different from control

(nm,/e) at 239, and major nnass fragments at
(M-16), (�\I-42), (I\h-58), amid (i\1-74). These
mass fragments correspond to the expulsion
of oxygen, COCH2 , NHCOCH3 , and

HONCOCH3 , respectively, from the parent
ion. A further major mass fragment at
(M-87) corresponds to tine additional loss of

the methylene bridge from the fluorene nu-
dens. Identical mmiss spectra ‘s’s-crc obtained
from authentic N-hydroxy-2-acetylamino-
fluorenc. Authent ic 2-acetvlaminofluorene
gave a mass spectrum with a molecular ion
(m/e) at 223 and maj or mass fragments at
(M-42), (M-58), and (M-71), in agreement

‘s’s-ith the mass spectrum of the isolated me-
tabohite after the expulsion of an oxygen

atom (�\1-16).
Liver microsomes are kno’svn to hydroxyl-

ate 2-acetylaminofluorene in at least three
positions of the fluorene nucleus, i.e., posi-

tions 3, 5, and 7 (5, 11), apart from the
N-hydroxylation. A hydroxyl group on posi-
tion 3, 5, or 7 would give the same molecular

ionn on mass spectrometry as an N-hydroxyl
group but would produce a different frag-

mentation pattern. For example, the expul-
sion of oxygen (M-16) is characteristic of the
presence of an N-O bond in the molecule

and does not occur at a hydroxyl group on

aromatic ring systems (14), thereby elimi-
nating the possibility of a hydroxyl group on

tine fluorene nucleus.
Recently Tephly and Hibbeln (15) have
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Sill)’sVfl tinmut prio)r t neat memst ‘svithn co ibal tous
cinloride, ann iniuii)ito)r of cyto)cinnome P-450
synthesis, marko’dby reduces tine rate of bio-

transfornuationn of a variety of drugs metab-
olizcd i)\ tine isepatic (yto(lsrome P-450

nnixed-funnctionn (ixidases. Table 2 demon-
stratcs that similar treatnuent of mice ‘s’s-ith

cobaltous cinlonide (60 mg/kg imntraperito-
nueably for 3 days) reduced the inepatic micro-

somal content of cytochronne P-450 by 55 %

amid inluibited tine N-inydroxvlationn of 2-
acetylaminofluorenne to a comparable extent.

Table 3 sho’s’s-s that immumne serum and

partially purified immune ‘y-globulinu against

NADPH-cytochrome C reducta.se from rat

liver microsomes markedly inninibited tine

N-hydroxylation of 2-acetybaminofluorenne as

‘s’sehI as tine N-demetinylatiomn of ethylmon-

phinne by hepatic microsomes froim male ham-
sters. Tine antibody preparatiomu ‘s’s-as specific

for nnicrosome-bounnd NADPH-cytochrome
C reductase and sho’svcd mo cross-reactivity
‘s’s-ith NAI)H-cytochnrome c reductase in rats
(Fig. 2). Moreover, only one precipitationn

band occurred ‘sviuen purified NADPH-cyto-
chronne C reductase wmis allo’sved to react ‘svitin

the imniune serum by the double-diffusionu
Ouchtenlomny tecinnnique.

I)ISCUSSION

Whereas N-oxidatf in of secomsdary annd

tertiary N-alkylarylaminues is catalyzed by a
flavoproteinn-requiri nsg, mnomn-cyt ochromc P-
450, mixcd-funsetionn oixidase (16), N-oxida-

T�iium.i: 2

Decrease in _V-h�jdroxylation o)f .V-2-acelylamino-

fluoiremue by liver micromsomnes fronm mice treated
with cobal/om,s chlorz(le

Cobaltous chloride was giveni instraperitonieally

in doses of 60 mg/kg for 3 days. Cytochronse P-450

content was calculated using B = 91 rnsr’ cm’

(12). Values are nneanms ± standard errors of 10

determi rsat ions -

Mice .V-Hydroxy-2- Cytochrome P-450
acetylaminofluorenc content

formed

npmnoles/,,zg/3() ,nin nmoles/mg pro/cia

Control 3.10 ± 0.29 1 .30 ± 0.012

Treated 1.20 ± 0.21 0.58 ± 0.009’

a Signiificantly different from comstrol (p <

0.01).

T.’sBLF: 3

lit /u ib it i�m,u oif in icrosomnal �\ -h i/dromj-!/lat bum (I mm(1 _V -

(lemne/hijlat loll by inimu mu� ser ucmmu. a 0(1 partially

p mlrzlie(l -� -glob ulin ozgaimu.s-t .VA DPH-c-ytoo-h route

c red uc/ase

1michs incubmutions o-onutainied eitlser 1 ml oif pre-

immnune or immunse serum per milligrans of mi-

crosomal protein, or 17 nng of partially l)iirified

preimnsnune or immune � -globulini �er nnilligram

of nnicrosomal proteins. Values are means ±

stansdmird errors of six deternninimitionis.

N-2-Acetylaminofiuorene � X-Hydroxv-2-
�V-hydroxylation acetylamino-

fluorene formed

nmnoles mmzg1’3O mmoin

Preinsmune serum 7.10 ± 0.35

Immunse serum 1 .67 ± 0.12

Preinnmune -1’-globulini 6.60 ± 0.40

Imnsune -�-globuhins 1.32 ± 0.14

Ethvlmorphine HCHO formed
X-demethylation

‘nmnoles, mug/JO mien

62.() ± 4.30
8.3 ± 0.90

58.7 ± 5.20
8.1 ± 1.0

Preimmune serunn

Inunsiunie serunu

Preinsnnunse -1-globulins

Insnnune -1-globuhin

tionu of primary arylaminnes is mediated by a

cvtoichromc P-450 system (17). Ho’s’s-ever, the

role of cytochronne P-450 in the oxidations of

N-acetylarylaminnes luas been unclear (4, 5).

Matsusinima et al. (5) inave reported that
N-hydroxylations of 2-acetylaminofluorene
apparenutly is not a eytochrome P-450-medi-
ated patinway, since a carbon monoxide-air
(50: 50) atmosphere failed to ininibit forma-
tions of the mctabolite. Their data are at

vaniarnce ‘svith our present results, ‘s’s-hnich show
a marked inshibitionn of N-hydroxvlation of
2-acetylaminnofluonene by a carbon monox-

ide-oxygen (90: 10) atmosphere (Table 1).
This discrepamney may be due to) tine lo’sver

CO:02 ratio (5: 1) used i)y Matsushima etal.
The carboni nsonuoxide inuhuibitions o)f cyto-
cinrome P-450 drug-metabobizinng enszymes is

kmica’s-ms to vnnry greatly, depending onn thue

drug substrate used (18). 1”or example, tine

ahipluatic oxidations of hexobarbital is innisib-

ited about 50 #{182}�,and tine dcanninat ion of
amphetamimse about 90 ‘/, umuder tine sanne
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/hl ANTISERUM

FmG. 2. Effect oif auuti-.VADPH-cytochrome c

re(!uctase intuit u mue serum en on act �it ies of m icrosomal

VA I)PH-cytoeh rome c- reductase (S-� ) , p utri-

fled NA DPH-cytoch rome c re(luctase (Ls-Ls),

and noicro.s-omal VA J)H--qtochrome c re(lumc/ase

(O-O)
The conmo-enitrationis of nnicrosomal protein and

purified NAI)PH-cytochrome c reductase were

0_os nng and 385 nsg, respeo-tively, in mi 3.0-mi voi-
umsse. Control activities were 110 and 24,000

nmoles nhini1 mg’ for the microsommil aniol pun-

fled NAI)PiI-cytochrome c reductase , nespec-

tively, ansd 230 nmoles nsint�1 mg’ for nnicrosomal

NAI)H-ci-toichronne e reductase.

connditiomss (CO:02 ratio, 5: 1). Sinice N-hy-
droxylatioimu ( if 2-acetylaminnofluorenne appears

less sensitive to carbonn monoxide than

C-oxidatioinm of etisylmorphine unsdcr the

same comnditions (Tnuhle 1), ‘s’s-c c(insider the
bower (10 : O� ratio used I)Y \Iatsusininua et al.

a possible explanationn for tine lack of inhibi-
tiO)ns observed mu their study. The lack of sig-

nificant carboins monoixide ininihitionn of hy-
droxylmntioms nut C-s and C-7 of 2-acetylanninso-

fluo)remno’ othso’rved ii’s Matsushima et al.

woiuld support. t his co inscl usio)ns.
The uso’ of an inihihitoir of cvtoichrome

P-450 svmitho’sis, coii)altous ciulonidc, has
proved useful inn cvmulunmutimug the role oif cyto-

chsrome P-430 ins the nsetal)o)Iisnn of drugs and

foreign compo)unsds (13, 19-22). Ins tine pres-

out expenimensts, Pr(’linniismirY tro’mstmenst of

mice ‘svithi eoi)nnltous chbonido signsihcmunstly (be-

(roa.Sed the (oinscenutrnuti(in of cvtoichroinue

P-450 amid oonicomitminitly inhibited N-by-

(lr(ixvlati(in (i1able 2), suggestinug ml (I(1i(tid-
onsco of �\-livdmoxvlatioii ol 2-aeetvlansiiio-

flunoirenno (hIs ovtociimoimnno’ P-4.)0.
Tise inipoirtmunsco o if N� I ) PH-cyt uchru inue

(_ r(’(ltnetmnse inn tiso’ cytoiohin�( i�i1(’ P-450-deponid-

out electrons tnanssport cimnuini in hivon niiien’o-
so)mes has lomug been rec()gnnized (23-23).

Hecenit studies usinug innmunoi(hsemicmul teds-

nniquos inmuve furtiner o’mpiimisized tine funda-
nnemital role of NADPH-eytoichronie C ro’duc-

tase inn drug oxidnntiomss h)y tine dyt(i(-hnoime

P-430 nnixed-funuction ojxidases (26-28) . For

example, innmune serum agmiinst purified cy-
tochrome C reductase inninii)its tine hydroixyla-

tionn (if mnnnilimse, anninnoin-rinse, 3 , 4-ho’nizj�--
rene, and etinylmorphine, but niot the
N-oxidationn of tertiary mulkylarylaminues like

dimethylanihimse (16). Tho’se studies isave es-

tai)lisined that immunne serum and l)urifie(l

antibody preparations againnst NADPH-cy-
tocisrome e reductase cann I)lock the micro-
somal electrons transpoirt chains utibizinng cy-
tocinrome P-450 as the terminal oxidmise,
thereby prevennting drug oxidation. The spec-
ificity of the NAI)PH-cytochnrome c re(Iuc-

tase antibodies for blocking the cyto)diurome
P-450 mixed-funnction oxidases but not the

flavoprotein-mediated amimse oixidase ‘s’sas

clearly sho’s’s-n by Masters and Ziegler (16)
munud has hcemn consfirmed by ins.’ Thus our
presennt results, dcmonnstrating part icipati 0I5

of NADPH-cytoclsronne c reductase inn

t ise IV-oxidat ion of 2-acet ylmiminno ifluoromie,
stronngly support the view that cytochnrome

P-450 mediates tine reactions. Tlnis is coinnsist-
emnt ‘s’s-itiu the observatiomi thsmut N-acetyl-

miminses are nnot suhstrmites for tine pinnified
amine oxidase (29) mind tisat tine (ixidmuse is

mnot inhibited by carbons nnoinso)xide (30).
Ho’svever, Ziegler (31) recently inmis shown

a protective effect of NA1)PH-cytochronie c

reductase in tine formatioins of 2-naphths-lhy-

droxylamine from 2-nuapiuthylamine, a reac-

tiorn catalyzed by tine flavoprotcin-mcdiatcd
anninue iixidase (29). Tine 2-nnaphthnyhiny-

droxylanninne unndergoes nnonenzymatic oixmdmi-

tions to tine corro’s�)onding mit roso ) compo)umsd,

‘sviuicln i�s tisen reduced bmnck to) tine hydroxvl-

nsnninne (lerivativo’ inn tine Preso’mi(e oif NAI)PFI-

c�-tochnro�ime c reductase. Ho’svever, musimilar

role of XADPH-cytocinronne c reductase ins
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%Ve are indebted t ( . I )r J . H . ( illet t e , our

rat ( rv o-Isief , for i nivalualile help and a(lvice

tine l)neselst Stln(liO’5 I ill tine .V-oxidationi (uf

2-mucetvlmsnninnofiu ir(’nne is no it a d( inssiderat a inn,
i)e(:unse fumrtlso’i ( ixidat it ii u if .V-isvdn xv-2-

tu((’tvlnumninlofitlo inenso \V( iUl(l result i U an

obligatory 10)55 oil tine mtretvl gm�oiinp. units ant

NADPH-cytoohn inne e reduot ase-oatmnlvzed
reductions could lead onihy toi a ilv(broxvimulninne

denivmitive ansd could muot o-onntnil)ute to) tine

fornnmutionn oif tine hvdroxannio mickb, V-iuv-

droxy-2-acetvbanniniofluoremse.

ins summary, the nnicr(isome-catmubyzed �
OXi(lnitiOns (if 2-muetylmuminuofluorenne is inisil)-

ited fy a cani)onn munomsoxido mntmospinere, is
decreaso’d after trenutnnemut of tine amuimals

‘s’s-itin CoCl2 , ansd is blocked by an minstibodv

againsst NADPH-cyto i(hronlo’ c redunctase.

Tine combinnationi of tinese datmu leads us to

conclude tisat N-hnvdroxvlationn of 2-acetyl-

aminsofluorenue is catalyzed fy mu cytocinrome

P-430-dependemnt mixed-functions oxidase.

Sinsce the toxicity produced by 2-acetyl-
amimnofluorenne is mediated tisrough ann N-hy-

droxy metabolito’ (3), it ‘svas obviously inn-
portmsnnt to estab)lish the mnaturc of tine enszyme

paths’svay leading to tise toxic nnetabolitc. Tine

data alsoi explmuinn tine inhnii)ition and stimula-
hon of tise N-lnydroxylatioms of 2-acetylami-
nno)fluorenne by I)il)(’ronYl hutoxide (32) amid

pinelso)barbital (3) , respectively. Pipero)nnyb
butoxide is a potenst ininibitor annd pineno-

barbital is a ‘svell-kmso’svn insducer of cyto-
chroime P-450 nuuixed-funuct io inn oxidase& (21,

33).
\‘�e recently isave o)bserve(b that tine hn(’-

l)mit ic muecrosis produced by minsot her N-acetyl-
arylamine, aco’taminnoipinenn (p-inydroixyaco’t-

annilido’), is also prevensted i)y prior tnemitm(nlt
‘s’s-itii I)iI)o’ronn�l butoxide mnmid other innhsibitors
of cvto(isrome P-450, while tine necroisis is

poto’nitiato’d b)’V prior tremitnuenit ‘svitis l)iuenno-
barbitmub (19-21). In additions, ‘s’s-c Ismuve found

t inmut t he methemogloi)innenlnia munucihiemolyt ic
mnnsenuia produced by nicetamnilide ansd its ann-
logues result from the formatioins of to)xic
metai)obites by c�t ochrome P-430 oxidasos
(22 ) . Tinus N-oxidat io iii react iomss catalyzed
by cytociuronno P-430 systenus mmuy medimite

tine toixicities of mu wide vmnnietv of N-acetvb-

arylaminses.
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