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SUMMARY

HINSON, J. A., MITCHELL, J. R. & JOLLOW, D. J. (1975) Microsomal N-hydroxylation
of p-chloroacetanilide. Mol. Pharmacol., 11, 462-469.

Microsomes obtained from hamster liver catalyze the N-hydroxylat ion of p-chloroacetan-

ilide. The reaction requires NADPH and is inhibited by a carbon monoxide-oxygen

atmosphere, indicating that it is catalyzed by a cytochrome P-450-dependent mixed-

function oxidase. The enzyme activity in hamster microsomes is induced by prior
treatment of the animals with 3-methylcholanthrene but not with phenobarbital, and is
inhibited by piperonyl butoxide. The yield of N-hydroxy metabolite is enhanced by the

presence of sodium fluoride in the reaction mixture; this effect appears to be due to a
selective stimulation of N-hydroxylation and not to an inhibition of deacetylation of
N-hydroxy-p-chloroacet anilide. These results demonstrate that the microsomal enzyme

system catalyzing the N-hydroxylation of p-chloroacetanilide and the formation of the
arylating, hepatotoxic metabolite of acetaminophen share many distinctive characteris-
tics. The close correlation between these systems supports the hypothesis that the
hepatotoxic metabolite of acetaminophen results from initial N-hydroxylation followed

by immediate loss of water to yield the chemically reactive acetimidoquinone.

INTRODUCTION

The toxicities of several polycyclic N-

acetylarylamines are believed to result
from reactive metabolites formed through
N-hydroxylation (1-3). For example, 2-
acetylaminofluorene has been shown in
numerous studies to be metabolized to
N-hydroxy-2-acetylaminofluorene (1-5),
which after sulfate conjugation is a potent

arylating agent (6). The amounts of fluo-
rene derivatives bound to hepatic protein
and nucleic acids of animals receiving
2- acetylaminofluorene or N-hydroxy-2-

acetylaminofluorene have generally paral-
leled susceptibility to hepatic carcinogene-
sis (6-8). The N-hydroxylation of 2-
acetylaminofluorene is catalyzed by a cyto-
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chrome P-450-dependent mixed-function
oxidase located in hepatic microsomes
(1-3, 9).

Recent studies have indicated that the
fulminant hepatic necrosis caused by acet-
aminophen (p-hydroxyacetanilide) results
from the formation of a toxic arylating

metabolite (10-15). We have postulated
that the hepatotoxic metabolite is the

chemically reactive acetimidoquinone de-
rivat ive from N-hydroxyacetaminophen

(16). However, the role of N-hydroxylation
in the metabolism of monocyclic N-

acetylarylam ines has been questioned
(17-19). Recently we found that the N-by-

droxy analogue of p-chloroacetanilide, in
contrast to N-hydroxyacetam inophen, is
chemically stable and can be isolated and

assayed. We have taken advantage of this

fact to demonstrate conclusively that mon-
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ocyclic N-acetylarylamines such as p-

chloroacetanilide are N-hydroxylated by

hepatic cytochrome P-450 oxidases.

MATERIALS AND METHODS

Li- � 4C �Acetyl chloride was obtained from
New England Nuclear Corporation (spe-

cific activity, 30.2 mCi/mmole). Pyridine
nucleotides and glucose 6-phosphate de-
hydrogenase were obtained from Boeh-
ringer/M annheim Corporation; glucose
6-phosphate was supplied by Sigma Chem-
ical Company; and thin-layer chromato-
graphic plates were purchased from Anal-
tech. All other chemicals were of the purest

grade commercially available.
Synthesis of N-hydroxy-p-chloroacetani-

tide. N-Hydroxy-p-chloroacetanilide was

synthesized from p-chloronitrobenzene in
two steps. p-Chloronitrobenzene was re-

duced by zinc dust in the presence of am-
monium chloride to yield p-chlorophenylhy-
droxylamine, which was isolated and
recrystallized (20). The p-chlorophenylhy-

droxylamine was then dissolved in ether
and selectively N-acetylated by treatment
with acetyl chloride in the presence of’ a
slurry of sodium bicarbonate as described
by Priyadarshini and Tandon (21). N-Hy-
droxy-p-chloroacetanilide was purified by
crystallization from ether-benzene, and

its identity was confirmed as described in
RESULTS. For the synthesis of N-hydroxy-

p-chloroacetanilide labeled with ‘4C in the
acetyl group, [‘4C ]carbonyl-labeled acetyl

chloride was used instead of the unlabeled
reagent. The ‘4C-labeled N-hydroxy-p-

chloroacetanilide was purified by prepara-
tive thin-layer chromatography on silica

gel (solvent system, chloroform-methanol,
95:5). The radiochemical purity of the iso-
lated material was greater than 99.5% as

shown by analytical thin-layer chromatog-
raphy on silica gel GF [solvent systems,

chloroform-methanol, 95:5, and chloro-
form-methanol-ammonium hydroxide (15
M), 92:7:0.5j.

Synthesis of [1 4C Jp-chloroacetanilide.

p-Chloro [carbonyl- 1 4C ]acetanilide was
synthesized by allowing [1- 1 4C jacetyl

chloride to react with an excess of p-
chioroaniline in ether (22). The resulting
[‘4C lp-chloroacetanilide was purified by

washing the ether phase (50 ml) five times
with an equal volume of0.1 M hydrochloric

acid, 5 times with an equal volume of0.1 M

NaOH, and twice with 2 volumes of’ dis-
tilled water. The purity of’ the radiolabeled
compound obtained after evaporation of
the ether was greater than 99� as shown by
analyt ical thin-layer chromatography on
silica gel GF (solvent system, chloroform-

methanol, 95:5).
Preparation of microsomal fraction.

Male golden Syrian hamsters (60 g) were
obtained from the National Institutes of
Health Animal Production Section and

maintained on Purina laboratory chow and
water ad libitum. Animals were killed by

decapitation, and their livers were homoge-

nized at 4#{176}with a motor-driven glass-

Teflon homogenizer in 6 volumes of 1.15�
KC1 containing 20 m�i Tris-HC1 buffer, pH

7.4. The homogenate was centrifuged for
20 mm at 9000 x g in a Sorvall centrifuge,
and the supernatant fluid was carefully de-
canted and recentrifuged for 60 mm at
105,000 x g in a Spinco model L prepara-
tive ultracentrifuge. The microsomal pellet

was washed by resuspension in Tris-KCI
buffer and recentrif’ugation at 105,000 x g
for 40 mm. The washed microsomal pellet

was resuspended in 0.05 M phosphate

buffer, pH 7.4, prior to incubation. Mi-

crosomes were also prepared from hamsters
that had been treated with 3-methyl-

cholanthrene (20 mg/kg intraperitoneally,
in corn oil, daily for 3 days), or phenobarbi-
tal (80 mg/kg intraperitoneally. daily for 3

days). The animals were killed 24 hr after
the last injection. Other hamsters received
piperonyl butoxide (15(X) mg/kg intraperi-
toneally) 30 mm prior to death.

Assay methods. The incubation mixture
contained 6 mg of hepatic microsomes, 150
�moles of potassium phosphate (pH 7.4),
190 �imoles of potassium chloride, 2 �moles
of NADP, 3 �zmoles of magnesium chloride,
9 j�tmoles of glucose 6-phosphate, 4 units of

glucose 6-phosphate dehydrogenase, and

1.5 �moles of [� 4C ]p-chloroacetanilide (6
mCi/mmole) in a total volume of 3 ml.

Sodium fluoride (300 �tmoles) was rou-
tinely included in the incubation mixture,

since this compound has been shown to
increase the yield of N-hydroxy metabo-
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lites of’ polycyclic N-acetylarylamines (17).

Reactions were carried out at 37#{176}in a
Dubnof’f shaking incubator. The reaction

was terminated by rapid cooling in an ice
bath.

In the standard assay for [ ‘ 4C ]N-hy-

droxy -p -chloroacet an ilide, nonrad ioact ive
N-hydroxy-p-chloroacetanilide (250 �g)
was added to each flask after incubation to

minimize adsorption losses in the subse-
quent purification procedure. Metabolites

and unreacted [‘‘C ]p-chloroacetanilide
were obtained by extracting the incubation
mixture with 10 ml of’ ether three times.

The combined ether phases were evapo-
rated under nitrogen, and the residue was
dissolved in 20 ml of 0.75 M ammonium
hydroxide. Unreacted [� 4C ]p-chloroacet-

anilide was removed by washing the am-

monium hydroxide phase twice with 10 ml

of ether. The ether phases were discarded.

The ammonium hydroxide phase was neu-
tralized with 10 ml of’ 2 M potassium
dihydrogen phosphate, and [‘4C ]N-hy-
droxy-p-chloroacetanilide was extracted by
shaking the aqueous phase three times
with 10 ml of’ ether. The combined ether
phases were evaporated under nitrogen,
and the residue was spotted on aS >< 20 cm,
250-.tm-thick silica gel GF plate. The silica
gel plate was developed using an ether

-heptane (75:25) solvent system. The re-
gion corresponding to N-hydroxy-p-

chlor()acetanilide was scraped from the
plate, and the radioactivity in this spot was
measured by scintillation spectrometry.

To determine the specific activity of
[‘�C ]N-hydroxy-p-chloroacetanilide, the

radioactivity in the sample was measured

by liquid scintillation spectroscopy. N-Hy-
droxy-p-chloroacet anilide was measured
by addition of’S ml of a methanolic solution
of’ ferric chloride (0.2%) and determination

of the optical density of the ferric chelate at
530 nm. The amount of N-hydroxy-p-

chloroacetanilide in the sample was calcu-
lated from the millimolar extinction coeffi-
cient (1.44 mrsi 1 cm ‘) of authentic N-hy-

droxy -p-chloroacet an ilide determined
under the same conditions. Protein was
estimated according to Lowry et at. (23),
using serum albumin as a standard. Ki-
netic calculations were performed on a

Wang 600 calculator, using a linear regres-

sion analysis program.

RESULTS

Identification of N-hydroxv-p-chloro-

acetanitide. The structure of synthetic

N-hydroxy-p-chloroacetanilide was yen-
fied by electron impact mass spectrom-
etry, chemical ionization mass spectrom-
etry, and nuclear magnetic resonance

spectrometry. The electron impact mass
spectrum showed 2 molecular ions (m/e at
185 and 187 with peak heights in the ratio
of about 3:1) corresponding to the isotopes
of chlorine. Major mass fragments were
found at (M - 16), (M - 42), and (M - 58),
which correspond to the loss of oxygen,

COCH2, and oxygen plus COCH2, respec-
tively. Although the phenolic metabolites
of p-chloroacetanilide may give the same

parent ions as the N-hydroxy derivative,
expulsion of oxygen (M - 16) from the

mass fragments is characteristic of a
N-O bond in the molecule and does not
occur with phenolic groups (24). Similar

fragmentation patterns have been noted
for N-hydroxy-2-acetylaminofluorene (9).

Chemical ionization mass spectrometry of
the synthetic N-hydroxy-p-chloroacetan-
ilide showed molecular ions at 186 and 188,

corresponding to the M + 1 peaks. Major
mass fragments were found at m/e 168 and

170, corresponding to the loss of water.

Further confirmation that the synthe-
sized compound was the N-hydroxy deriva-

tive was obtained with nuclear magnetic
resonance spect romet ry. The spectrum
showed a singlet at 2.45 ppm, which con-
tained 3 protons, and two doublets at 7.52
and 7.80 ppm, each of which contained 2
protons. The singlet represents the 3 pro-

tons of’ the acetyl group, and the two
doublets indicate the presence of 4 protons
attached to the aromatic ring.

Preliminary studies on the metabolism
of [‘4C ]p-chloroacetanilide in the hamster
liver microsomes revealed a metabolite

whose Rb was identical with that of au-
thentic N-hydroxy-p-chloroacetanilide
when chromatographed on silica gel in the
four solvent systems listed in Table 1. To
verify the occurrence of N-hydroxy-p-

chloroacetanilide as a metabolite of p-
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oxygen from the incubation mixture.

TABLE 1

Constant specific activity of proposed

[‘4CJN-hydroxy-p-chloroacetanilide metabo!ite

during sequential thin-layer chromatography

[‘4C Jp-Chloroacetanilide (1.5 Mmoles) was incu-

bated with liver microsomes (2.0 mg per ml) from

3-methylcholanthrene-treated hamsters in the pres-

ence of sodium fluoride (300 Mmoles), phosphate

buffer (150 Mmoles, pH 7.4), and an NADPH-generat-

ing system. After a 20-mm incubation, nonradioactive

N-hydroxy-p-chloroacetanilide (250 Mg) was added.

[1 4C )N-Hydroxy-p-chlororacetanilide was extracted

as described in MATERIALS AND METHODS and sequen-

tially subjected to thin-layer chromatography on

silica gel using four different solvent systems. The

specific activity of the l’4C JN-hydroxy-p-chloroace-

tanilide was determined after each thin-layer chro-

matographic procedure as described in MATERIAI.S AND

ME THODS.

Solvent system RF of N-
hydroxy-p-

chioro-
acetanilide

Specific
activity of

metabolite

MCi/Mmo!e

1. Ether-heptane (75:25) 0.38 0.066

2. Chloroform-methanol

(95:5) 0.53 0.062

3. Chloroform-acetone-

NH4OH (15 M) (50:50:1) 0.67 0.064

4. Chloroform-methanol-

NH,OH (15 M) (92:7:0.5) 0.59 0.068

chloroacetanilide, hamster liver mi-
crosomes (1 g) were incubated with

[‘4C Jp-chloroacetanilide (250 j.tmoles) in
the presence of an NADPH-generating sys-
tem and potassium phosphate buffer (0.OS

M, pH 7.4, 500 ml). The NADPH-generat-
ing system was omitted from the control
incubation. The metabolite, which was

absent from the control incubation, was
isolated as described in MATERIALS AND

METHODS except that nonradioactive N-hy-

droxy-p-chloroacetanilide was not added to
the incubation mixture. The electron im-
pact mass spectrum of’ this metabolite

(Fig. 1) was identical with that of the
authentic N-hydroxy-p-chlonoacetanilide.

Estimation of microsomal N-hydroxyla-
tion of p-chloroacetanilide. The validity of
the standard assay for [1 4C ]N-hydroxy-p-
chloroacetanilide described in MATERIALS

AND METHODS was confirmed by an isotope

dilution experiment (Table 1). The

[ � C JN-hydroxy-p-chloroacetanilide me-

tabolite was isolated and purified by the
standard assay system after the addition of
nonradioact ive N-hydroxy-p-chlonoacetan -

ilide. The specific activity was 0.066 �CV

�mole (Table 1). Sequential rechnomatog-
raphy of this material in three additional

solvent systems (Table 1) did not signifi-
cantly alter the specific activity. Thus the
isolation procedure used in the standard

assay yields radiochemically pure metabo-

lite. In other experiments [ � 4C JN-hydroxy-
p-chloroacetanilide was added to mi-
crosomes at 0#{176}in the approximate amounts
produced in the assay mixture and esti-

mated by the standard assay. Recovery
of [‘4C JN-hydroxy-p-chloroacetanilide in
five experiments was 70 ± 3% because of’
the partitioning of N-hydroxy-p-chloro-

acetanilide between ammonium hydroxide

and ether. All calculations for the produc-
tion or disappearance of N-hydroxy-p-

chloroacetanilide have been corrected for
this loss.

The rate of formation of [‘4CJN-hy-
droxy-p-chloroacet anilide in the standard

incubation system was shown to be con-
stant for 10 mm and proportional to micro-

somal protein concentration up to 2 mg/ml.

The possibility that the metabolite was
converted to other metabolites during the
incubation was evaluated by measuring
the disappearance of [‘4C }N-hydroxy-p-

chloroacetanilide (Fig. 2). In the absence
of p-chloroacetanilide [‘4C �N-hydroxy-p-
chloroacetanilide was metabolized in the
incubation mixture. Only about 64� of the
quantity initially present could be re-
covered after a 10-mm incubation. In the
presence of p-chloroacet anilide, however,
N-hydroxy -p-chloroacet anilide was not
metabolized; over 90� of the quantity
initially present could he recovered after a

10-mm incubation.
Effect of incubation conditions and ani-

mal treatments on N-hvdroxvlation of p-

chloroacetanilide by hamster microsomes.

Table 2 shows that the N-hydroxylation of
p-chloroacetanilide by hamster liver mi-
crosomes was abolished by heating the
microsomes to 80#{176}for 5 mm and markedly
inhibited by the omission of NADPH or
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p-chloroacetanilide was found to decrease
significantly the yield of N-hydroxy-p-

chloroacetanilide (Table 2). However, as
shown in Fig. 2, the absence of sodium

fluoride from the incubation mixture did
not increase the rate of disappearance of

N-hydroxy-p-chloroacet anilide. The effect
of sodium fluoride on the yield of N-hy-

droxy-p-chloroacetanilide in the mi-
crosome-catalyzed reaction thus appears to
be associated with the formation of the
metabolite and not with its further me-

tabolism. One could postulate that p-

chloroacetanilide is normally deacetylated

to p-chloroaniline, which might inhibit
hydroxamic acid formation, and that so-

dium fluoride increases the yield of hydrox-
amic acid by inhibiting the deacetylation
of p-chloroacetanilide to p-chloroaniline.

This seems unlikely, however, because the
formation of the hydroxamic acid is not

increased by addition to the incubation of
bis(p-nitrophenyl) phosphate, a known in-

hibitor of the deacetylation of p-chloro-
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TIME 1mm)

Fi;. 2. Disappearance of l’4C]N-hydrox�’.p.chloro.

acetanilide with time from standard incubation mix-

ture.s -

l’4C lN-Hydrox�’-p-chloroacetanilide was added to a
standard incubation mixture containing microsomes

and an NADPH-generating system, with and without

0.5 mM p-chloroacetanilide. At various time intervals

I’ 4C N.hydroxy.p-chloroacetanilide was determined.
The effect of omission of sodium fluoride from the

incubation mixture which did not contain p.

chloroacetanilide is also shown (#{149}-- -#{149}). The con-

trol incubations contained microsomes which had

been heated to 90#{176}for 10 mm and p-chloroacetanilide

(A -A). Each point is the average of two determi-

nat ions.

NADH was not as effective as NADPH.

The reaction was also markedly inhibited
by a carbon monoxide-oxygen atmosphere.

These data suggest that the microsomal
N-hydroxylation of p-chloroacetanilide,
like that of 2-acetylaminofluorene (9), is

catalyzed by a cytochrome P-450-depend-

ent mixed-function oxidase.

Sodium fluoride is known to increase the
yield of’ N-hydroxy metabolites of polycy-
clic N-acetylarylamines when added to
microsomal incubations (17, 25). This ef-

fect has been attributed to inhibition of
m icrosome-catalyzed deacetylation (17).

Omission of sodium fluoride from the incu-
bation mixture for the N-hydroxylation of
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TABLE 2

Effect of incubation conditions on N-hydroxy!ation of

p-chloroacetanilide by hamster liver microsomes

The complete incubation mixture (control) con-

tained liver microsomes from :3-methylcholanthrene-

treated hamsters (2 mg/ml), NADP (2 izmoles), an

NADPH-generating system, I’ 4C �p-chloroacetanilide

(1.5 Mmoles. 1.4 bLCi/Mmole), NaF (300 pmoles). and

an air atmosphere. In the -02 and +CO-O, experi-

ments the air atmosphere was replaced by repeated

evacuation and flushing with N, or with a 90�

C0-10�7 02 atmosphere, respectively. In parallel

experiments the CO-O, atmosphere inhibited the

C-oxidation of ethylmorphine by 80� (from 6.0 to 1.2

nmoles/mgjmin). In the heat-treated microsome ex-

periments the microsomes were first incubated at 80#{176}

for 5 mm. The values given are the mean ± the range

of two determinations.

Conditions N-Hydroxy- In
lation

hibition

pmole.s/mg/
10mm

��i-:

Control

--NADPH

-O2(1O0�7N,)

+N2-02(9:1)

+C0-O2(9:1)

-NADPH+NADH

--NaF

Heat-treated microsomes

325 ± 22

3±1

26±4

31:3 ± 27

135±2

71±2

159 ± 16

4 ± 2

99

81

0

58

78

51

99

acetanilide (26). This interpretation is also
supported by the observation that the

N-hydroxylation of p-chloroacetanilide
was constant for at least 10 mm in both the

presence and absence of’ sodium fluoride.

In parallel experiments sodium fluoride
(100 mM) did not significantly affect the
hamster liver m icrosome -catalyzed N-

demethylation of ethylmorphine, the 0-
demethylation of p-nitroanisole, or the C-

oxidation of p-chloroacetanilide [formation
of m-hydroxy-p-chloroacetanilide (data not
shown) 1.

The N-hydroxylation reaction by liver

microsomes from normal hamsters had a
Km value of 22 �LM and a Vmax of 94

pmoles/mg/10 mm (Fig. 3). Prior treat-
ment of the animals with phenobarbital

did not significantly alter either of these
kinetic parameters (Vmax, 88 pmoles/mg/10
mm; Km, 17 NM). In contrast, treatment
with 3-methylcholanthrene markedly in-

creased the Vmax, by 3.5-fold, and appar-
ently decreased the Km value slightly, to 9

jIM. Piperonyl butoxide treatment of the
hamsters resulted in decreased N-hydroxy-
lation ( Vmax, 43 pmoles/mg/10 mm) and an
increased Km (35 gM).

DISCUSSION

The role of N-hydroxylation in the me-

t abolism of monocyclic N-acetylaryla -

mines has been unclear. Booth and Boy-
land (17) examined the capacity of’ rabbit
liver microsomes to N-hydroxylate a van-

ety of N-acetylarylamines, including acet-
anilide. Under conditions which gave max-
imal yields of’ 4-( N-hydroxyacetamido)bi-
phenyl from 4-acetamidohiphenyl, the con-

version of aceta#{241}ilide to N-hydroxvacetan-
ilide could not be detected. Moreover,
Poirier et at. (18) administered acetanilide

and its p-vinyl, p-fluoro, and p-ethoxy de-
rivatives �o dogs and reported that no
N-hydroxy amides could he detected in the

urine. Similarly, Kiese and Lenk (19) re-
ported a lack of’ the N-hydroxy metabolite
of p-chlonacetanilide in the urine of rabbits
fed this compound. On the other hand,
Troll and Belman (27, 28) administered

acetanilide and phenacetin to humans and
reported the occurrence of the N-hydroxy

derivative as urinary metabolites. How-

ever, the results of’ Troll and Belman have

been questioned (3) because their method

is not specific for N-hydroxy derivatives.
The present data clearly indicate that

monocyclic N-acetylarylam ines such as

p -chloroacet an ilide are met abolized to
their N-hydnoxy derivatives by hamster
microsomes. The reaction requires
NADPH and oxygen and is inhibited by

carbon monoxide, indicating that it is
catalyzed by a cytochrome P-450-depend-
ent mixed-function oxidase. The enzyme
activity is induced in hamsters by 3-
methylcholanthrene but not by phenobar-

bital, and is inhibited by piperonyl butox-
ide. The presence of high concentrations of
sodium fluoride (0.1 M) in the reaction
mixture markedly enhanced the yield of
N-hydroxy-p-chloroacetanilide. Although
it has been suggested that sodium fluoride
enhances the N-hydroxyl’a�ion of polycyclic
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FIG. :3. Effects of treatment of ham.ster.s with 3-methvlcholanthrene, phenobarhital, and piperonvl butoxide

on N-hvdroxvlat,on of 11 4C �p-chloroacetanilide.

Animals were treated with either :3-methylcholanthrene, phenobarbital. or piperonyl butoxide as described in

MATERIALS AND METHODS. Incubation conditions were the same as described in MATERIALS AND METHODS except

that the concentration of p-chloroacetanilide was varied as indicated. Each point is the mean value of four

experiments using microsomes from different animals.

N-acetylarylamines by inhibiting the de-
acetylat ion of the N-hydroxy derivatives
(17, 25), our studies show that sodium

fluoride does not af’fect the disappearance
of N-hydroxy-p-chloroacetanilide from the
the incubation mixture. Thus the enhance-
ment of N-hydroxylation of monocyclic
N-acetylarylamines is due to a stimulatony
effect on mixed-function oxidase activity.
Nevertheless, sodium fluoride does not
alter the oxidative demethylat ion of ethyl-
morphine and p-nitroanisole, nor does it

affect the conversion of p-chloroacetanilide

to its phenolic metabolites. The effect of
sodium fluoride therefore may be selective
for N-hydroxylation reactions.

We have previously suggested that N-hy-

droxylat ion of acetaminophen immediately

leads to loss of water and formation of the
chemically reactive acetim idoquinone,
which mediates the fulminant hepatic ne-
crosis caused by large doses of acetamino-
phen in man and experimental animals
(see ref. 16 for review). Liver necrosis is
associated with the formation of a toxic
arylat ing metabolite of acetaminophen

(10-14) that combines covalently with he-
patic glutathione and, after the glutathi-
one has been depleted from the liver, with

hepatic macromolecules (13-15). The for-

mation of the hepatotoxic metabolite of

acetaminophen is catalyzed by a micro-
somal cytochrome P-450-dependent mixed-
funct ion oxidase (12, 14, 15), which in
hamsters is induced by 3-methylcholan-
threne but not by phenobarbital, and is
inhibited by piperonyl butoxide (14, 15).

The present studies demonstrate that
the microsomal enzyme system catalyzing
the N-hydroxylat ion of p-chloroacetanilide

and the formation of the arylating, hepato-
toxic metabolite of acetaminophen share
several distinctive characteristics. Both en-
zyme systems are microsomal cytochrome
P-450-dependent mixed-function oxidases,
the activities of which are enhanced about
2-fold by inclusion of sodium fluoride in
the incubation mixture. Both enzyme ac-
tivities are induced in hamster liver by 3-
methylcholanthrene but not by phenobar-
bital. Both are inhibited by piperonyl bu-
toxide. The close correlation between these
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systems further supports the hypothesis
that the hepatotoxic metabolite of acet-

aminophen results from initial N-hydroxy-
lation followed by immediate loss of water
to yield the reactive acetimidoquinone.
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