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specificity of AOM, it has been proposed that target tissues
contain specific hydroxylases that convert AOM to MAM (4).
The latter is unstable and can degrade to an alkylating
species without enzymatic intervention (19). In previous
work we have shown that microsomes isolated from rat liver
could hydroxylate AOM to MAM, but this reaction could not
be demonstrated by preparations from the colon mucosa
(5), suggesting that the basis for the organospecificity of
AOM may also reside in additional mechanisms.

It has been proposed by Schoental (22) that further
enzymatic activation of MAM to methylazoxyformaldehyde
may be carried out by alcohol dehydrogenase. Grab and
Zedeck (10) have provided evidence for this hypothesis by
demonstrating that incubation of MAM in the presence of
either crystalline horse liver alcohol dehydrogenase or
cytosol preparations from various rat organs can result in
the reduction of NAD. Moreover, they showed that this
reaction occurs with cytosols from the livers, colons, and
cecums of Sprague-Dawley rats, organs in which tumors
arise after the administration of MAMOAc. Cytosobs from
kidney and duodenum were not as active in this repect. The
reduction of NAD could in all cases be blocked by the
presence of PZ, an inhibitor of alcohol dehydrogenase (9,
23). On the basis of these correlations, it would appear that
alcohol dehydrogenase activity is not only involved in the
metabolism but could also play a role in the organospeci
ficity of MAM and, therefore, also of AOM and 1,2-dimeth
ylhydrazine.

To provide further evidence for the function of alcohol
dehydrogenase in the metabolism of these carcinogens, we
carried out a study on the effects of pretreatment with PZ
on the metabolism of [14C]AOMin vivo and in vitro.

MATERIALSAND METHODS

Chemicals. PZ, m.p. 67-70Â°,was obtainedfrom Aldrich
Chemical Co. , Milwaukee, Wis. 2,4-Dinitrofluorobenzene,
glucose 6-phosphate, glucose-6-phosphate dehydrogenase
(type XII), NADP, and NADH were obtained from Sigma
Chemical Co. , St. Louis, Mo. AOM was obtained from
Starks Associates, Buffalo, N.Y., and MAMOAc was from
Microbiological Associates, Bethesda, Md.

For use as a chromatographic standard , MAM was pre
pared by enzymatic hydrolysis of MAMOAc followed by
purification by HPLC as described previously (7).

[â€˜4C]AOMwas prepared by a modification of the method
of Honisberger and Matsumoto (11) starting with 4 g 1,2-
dimethylhydrazmne dihydrochbonide (Aldrich) and 2 mCi of
[â€œC]-1,2-dimethylhydrazine â€¢2HCI(specific activity, 5 mCi/
mmol) purchased from New England Nuclear, Boston,
Mass. Our modification consisted of adding 20 ml of H2Oto
the ether-[14C]AOM-m-chborobenzoic acid mixture (penulti

ABSTRACT

Alterations of [14Cjazoxymethanemetabolismby pre
treatment with pyrazole, an inhibitorof alcoholdehydro
genase, were studied In male F344 rats. Whereas control
animalsexhaled approximately36%of the [â€˜@C]azoxyme
thane dose (10.5 mg/kg) in 6 hr as â€œC02,rats pretreated
with pyrazobe(40 mg/kg) exhaled approximately3.5%.
Pretreatmentwith pyrazole (360 mg/kg) caused a com
plete Inhibitionof exhaled â€œCO2for at least 6 hr. After 48
hr the amountof exhaled I @CO2comprisedapproximately
50% of the dose In the controls, and 26 and 20% for the 40-
and 360-mg/kg pyrazole-pretreated rats, respectively.
[â€œC]Methylamine,[â€œC]urea,and [1@C]methylazoxy
methanol were detected in the urines of control rats.
Pretreatment with pyrazole (40 mg/kg) caused a 2.5-
fold increase in urinary methylazoxymethanol;pretreat
mont with pyrazole (360 mg/kg) increased the urinary
bevelof azoxymethanesome 2.5- to 3-fold. In contrastto
controlsand 40-mg/kg pyrazole-pretreatedrats, 360-mg/
kg pyrazobe-pretreatedanimalsshowedincreasedurinary
excretIonof [â€˜4C]methylamineand continuedexcretionof
[14C]methylazoxymethanoland unmetabolized[14C]azoxy
methane during the 24- to 48-hr period after (14C]azoxy
methane administration.Washed liver microsomesfrom
pyrazole-treatedrats convertedazoxymethaneto methyl
azoxymethanolat the same rate as controls, but the
hydroxylation could be inhibited by the addition of pyra
zoleto the incubationsystem.

These results showthat pyrazole inhibitsthe metabo
lismof azoxymethaneat at least two steps.At 40 mg/kg,
pyrazole inhibitsthe oxidationof methylazoxymethanol,
presumablyby blockingalcohol dehydrogenase.At 360
mg/kg, pyrazobeblocks this reaction and inhibits the
hydroxylationof azoxymethane.

INTRODUCTION

AOM,3 a chemical (11) and metabolic (4, 5) derivative of
1,2-dimethylhydrazmne, is, like the latter, a powerful and
specific colon carcinogen in rodents (3, 4, 24). The com
pound is also the metabolic (4, 5) and chemical (11) precur
sor of MAM which is carcinogenic for the liver as well as the
intestinal tract (15, 16, 25). To account for the organ
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mate step in the Horisberger-Matsumoto procedure), re
moving ether by fractional distillation, and then codistilling
[14C]AOM and H2O at 64Â°and 200-mm mercury vacuum. The
yield was approximately 50%, and the radiochemical purity,
as determined by HPLC (7), was at least 99%. The aqueous
solution of [14CJAOM, at a concentration of 59 mg/mI,
determined with a molar extinction coefficient of 3.86 at
217 nm (14), and specific activity of 1.73 x 10@dpm/mg,
was stored at â€”20Â°.Periodic assays showed no detectable
deterioration over a period of at least 8 months.

Metabolismin Vivo.Two hr followingan i.p. injectionof
0.9% NaCI solution or 0.9% NaCI solution containing PZ,
male F344 rats, weighing 240 to 290 g, were given s.c.
injections of aqueous [14C]AOM.The rats were immediately
placed in glass metabolism cages, and air, dried and freed
of CO2, was drawn through the cages at approximately 250
to 300 mI/mm. Determination of exhaled 14CO2was per
formed as previously described (8).

Urine, collected from each rat in a receptacle thermoe
lectrically cooled to 0Â°,was pooled in the 0- to 24-hr and 24-
to 48-hr intervals following dosing with [14C]AOM and was
stored at â€”20Â°.For HPLC analysis, urines were thawed at 0Â°
and centrifuged, and 0.1-mb aliquots were applied to 2
serially connected columns of Aminex A-27 (acetate). The
first column, 0.375 x 2 inches, served to protect the main
column, 0.375 x 24 inches, from contamination and was
changed and regenerated as necessary. Both columns were
equilibrated and eluted with 0.01 M sodium acetate, pH 5.6,
at 1 mI/mm and 750 psi. The effluent was collected either
directly in scintillation vials containing Scintisol (Isobab,
Akron, Ohio), or in test tubes for further analysis. The
Aminex A-27 anion exchange resin (12 to 15 @m,particle
size) used in these separations was purchased from Bio
Rad Laboratories, Richmond, Calif. , prior to December
1976. The product now sold by this manufacturer under the
same name is currently produced by an entirely different
process and bears no resemblance to the original Aminex
A-27 with respect to either packing or separation character
istics. Although we have not verified the information, Bio
Rad has advised us that a possible suitable replacement for
the original Aminex A-27 may be the currently stocked
Aminex A-29.

Identificationof Urinary Metabolites. [14C]Methylamine
was identified as the dinitrofluorobenzene derivative as
follows. Appropriate fractions (elution volume 12 and 13)
from several HPLC runs on Aminex A-27 were pooled and
saturated with sodium borate, and 0.1 ml of 2,4-dinitrofluo
robenzene (Sigma) was added per 6 ml of solution. The
mixture was kept at 37Â°for 1 hr and then exhaustively
extracted with ethyl acetate. The extracts were combined,
taken to a small volume under N2 and submitted to thin
layer chromatography on 100O-@imsilica gel plates devel
oped with benzene. Sequential scraping of a portion of the
plate showed that all of the applied radioactivity was con
tamed in a yellow zone with an RF identical with that of
authentic 2,4-dmnitrophenyl derivative of methylamine. The
rest of the zone was then scraped from the plate, eluted
with methanol:ethyl acetate (1:1, v/v), taken to small volume
with a stream of N2 and applied to HPLC with the use of 2
serially connected @Porasilcolumns (Waters Associates,

Milford, Mass.) eluted with n-hexane:ethanol, either 80:20
or 90:10 (v/v). With either solvent, the major peak, contain
ing all of the 14Capplied, eluted at a volume identical with
that of the standard 2,4-dinitrophenyl derivative of methyl
amine detected by monitoring the absorbance of the ef
fluentat350 nm.

[14C]Ureawas identified by pooling appropriate fractions
from several HPLC runs (elution volume 21 and 22), concen
trating to near-dryness (crystals characteristic of urea ap
peared at this stage), dissolution with water and thin-layer
chromatography on Avicel cellulose plates (Analtech, New
ark, Del.) with either 1-butanol:acetic acid:H2O (60:15:25),
1-butanol:acetone:diethylamine:H20 (70:70:14:35) or the
lower phase of acetic acid:CCI4:CHCI3:H2O (100:60:90:50)
(see Ref. 26). In all cases all of the radioactivity moved in a
single zone which was positive to Ehrlich's reagent (27) and
exactly corresponded to the mobility of urea standard.
Additional evidence for the identity of the metabolite was
obtained by the loss of 14Cthat resulted upon incubation of
the sample with jack bean urease (Type C-3; Sigma).

Metabolismin Vitro. Male F-344rats,approximately250
g body weight, were stunned by a blow on the head and
decapitated. Livers were quickly excised and homogenized
(1:3, w/v) in 0.01 M sodium phosphate buffer, pH 7.4, 1.15%
KCI in a motorized Potter-Elvehjem type homogenizer
cooled with ice. The supernatant obtained from a 10-mm
centrifugation at 10,000 x g was centrifuged at 100,000 x g
for 1 hr, and the resulting sediment was washed by resus
pension in the homogenization medium and centrifugation.
Microsomes were suspended in one-half the original vol
ume of the 10,000 x g supernatant in the homogenization
medium.

For the determination of hydroxylation of AOM to MAM,
0.1 ml (approximately 1.1 mg protein) of the microsomal
suspension was incubated in a shaker bath at 37Â°with 7.5

@molglucose 6-phosphate, 7.5 @mobMgCb2,15 @gglucose
6-phosphate dehydrogenase (Sigma, type XII), 150 nmol
NADP, 150 nmol NADH, 5 @mol[â€˜4C]AOM,42 @molsodium
phosphate (pH 7.8), and various amounts of PZ in a total
volume of 0.75 ml for 15 mm. At the end of the incubation,
the samples were plunged in ice, 0.75 ml of methanol was
added , the mixture was shaken vigorously and centrifuged,
and the supernatant was stored at â€”20Â°.For analysis by
HPLC, 0.1-mb aliquots of the supernatants, warmed up to
0Â°,were applied to 2 @BondapakC18columns in series
preceded by a short (0.375 x 2.5 inches) column of Aminex
A-27 in the acetate form (5). Water, at 2 mI/mm, approxi
mately 2000 psi, was used as eluant. The absorbance at 217
nm was monitored with a Schoeffel Model SF-770 variable
wavelength ultraviolet monitor, and 1.0-mI fractions of the
effluent were collected directly in scintillation vials for
determination of radioactivity in the MAM and AOM peaks.

RESULTS

Effectsof PZ on Exhaled 14CO2.At a dose levelof 10.5
mg/kg, approximately 50% of the administered [14C]AOM
appears in the exhaled air as 14C02during a 48-hr period
(Chart 1). The excretion of 14CO2appears to follow a
biphasic course with a very rapid appearance of the gas
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pretreated with PZ (40 mg/kg) which is essentially complete
by 48 hr, the excretion of radioactivity by the animals
pretreated with PZ (360 mg/kg) still continues. In a single
experiment carried out over a period of 96 hr, continued
urinary excretion of 14Cwas observed by a rat pretreated
with PZ (360 mg/kg) for at beast70 hr (12.5%).

Representative HPLC profiles of 24-hr unines from control
and PZ-pretreated rats indicating changes in [14C]AOM
metabobites are shown in Chart 4. With respect to the
controls, pretreatment with PZ (40 mg/kg) causes an in
crease in the excretion of labeled AOM in the urine from an
estimated 0.04% of the dose to approximately 0.2%. At the
same time, the levels of MAM increase from approximately
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Chart 2. Time course for â€œ(@C)in exhaled air of animals pretreated with

0.9% NaCI solution or PZ 2 hr prior to receiving [14C]AOM(20 mg/kg). Other
conditions as in Chart 1.
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Chart 3. Time course for urinary excretion of â€˜4Cby rats used in the

experiments described in Chart 1. Bars, SE.
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Chart 1. Time course for appearance of I4(@(),in exhaled air of F-344 rats

pretreated with 0.9% NaCI solution (control), PZ (40 mg/kg), and P2 (360
mg/kg) 2 hr prior to administration of [â€˜4C]AOM(10.5 mg/kg). Bars, S.E.;
numbers in parentheses , number of rats.

during the first 5 hr or so of dosing followed by a more
gradual excretion during the succeeding 6- to 48-hr period.
In contrast to the metabolism of [14C]-1,2-dimethylhydra
zine, where an approximately 2-hr lag is noted (8) between
the administration of the carcinogen and the appearance of
significant quantities of â€˜4CO2in the exhaled air, no signifi
cant lag is evident in this respect in the case of [14C]AOM.

Treatment of the rats with PZ (40 mg/kg) 2 hr prior to the
administration of [14C]AOM caused a 91% decrease in the
initialrateof 14CO2excretionat 5 hr as wellas a 46%
decrease in the overall yield at 48 hr.

Treatment of the rats with PZ (360 mg/kg) in the same
way caused a complete inhibition of â€˜4CO2excretion for a
duration of at least 6 hr (Chart 1). At some time after this
period (approximately 10 to 11 hr after [14C]AOMdosing, by
extrapolation), 14CO2gradually appears in the exhaled air,
accounting for 20% of the dose at 48 hr. This represents an
inhibition of some 60% with respect to the control. Similar
results were obtained when the [14C)AOM dose was in
creased to 20 mg/kg (Chart 2).

Urinary Metabolites. In 48 hr, approximately8% of the
14C derived from administered [14CIAOM (10.5 mg/kg) is
excreted in the urine by control rats, approximately 15% by
the rats pretreated with PZ (40 mg/kg) and approximately
10% by rats pretreated with PZ (360 mg/kg) (Chart 3). Of
interest is the decreased amount of 14Cexcreted by the rats
pretreated with PZ (360 mg/kg) in the early (0 to 10 hr)
period after [14C]AOM administration. This corresponds
roughly to the time period during which complete inhibition
of 14C02excretion in the exhaled air was noted . In contrast
to the urinary excretion of 14C by control and animals
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1% of the dose in the controlto approximately2.5%. The
level of radioactivity incorporated into urea is not signifi
cantly altered . With respect to both the controls and rats
pretreated with PZ (40 mg/kg), pretreatment with PZ (360
mg/kg) causes a considerable increase in the amount of
nonmetabolized AOM to an estimated 0.94% of dose and a
substantial decrease in the amount of 14Cfound in urea in
the 0- to 24-hr period following [â€˜4C]AOMadministration.
The amount of MAM excreted during this period (approxi
mateby 0.9% of the dose) represents a 64% decrease with
respect to the rats pretreated with PZ (40 mg/kg).

Due to the low levels of radioactivity excreted in the urine
during the 24- to 48-hr period after dosing by the control
and rats pretreated with PZ (40 mg/kg) (see Chart 3),
meaningful HPLC patterns for this time interval could not
be obtained . In the rats pretreated with PZ (360 mg/kg),
however, more than one-half of the urinary radioactivity is
excreted during this period, permitting analysis. The fourth
prQfile in Chart 4 shows that both AOM and MAM continue
to be excreted during the 24- to 48-hr period after [14C]AOM.
Interestingly, a relatively bargeamount (approximately 2.5%
of the dose) of [14C]methylamine, appearing as a large peak
at the void volume ofthe column (11 to 12 ml) is excreted in
thistime interval.

Wherever sufficient amounts of radioactivity permitted,
the identity of the MAM and AOM peaks obtained from
HPLC on Aminex A-27 was verified by rechromatography on

@BondapakC18columns eluted with water. Typical results
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Chart 4. 14Cmetabolite profiles obtained by Aminex A-27 HPLC of urines from rats treated with [â€˜4C]AOM(10.5 mg/kg) and pretreated with 0.9% NaCI
solution (control) or PZ.

of this procedure, shown in Chart 5, indicate that, while all
of the radioactivity eluting at 34 ml on Aminex A-27 and
designated as â€˜â€˜MAMâ€•in Chart 4 does in fact elute from

@BondapakC1, at a volume identical with that of MAM
standard, only about 64% of the radioactivity eluting at 37
ml on Aminex A-27 and designatedas@ â€˜AOMâ€•inChart4
elutes at a volume corresponding to that of the standard
compound. For this reason, the quantities of urinary AOM
are reported in this paper as â€˜estimatedâ€•; i.e. , the amount
of radioactivity under the AOM peak was multiplied by 0.64
to obtain an estimate of the amount of AOM excreted.

Effectsof PZ in VItro.The increasedamountsof unme
tabolized [14C]AOM in the urines of the animals pretreated
with PZ (360 mg/kg) indicated that metabolism of [14C]AOM
was inhibited at the level of hydroxylation to MAM. When
washed liver microsomes from rats treated with PZ 2 hr
prior to sacrifice were used in the AOM hydroxylase assay,
however, no difference in activity was noted with respect to
liver microsomes from 0.9% NaCI solution-injected animals
(Table 1A). Addition of PZ directly to the incubation system,
on the other hand, resulted in concentration-dependent
inhibition of MAM formation (Table 1B). As a first approxi
mation, the concentrations of PZ used in vitro were chosen
to correspond to the levels used in vivo; i.e. , 40 pg/mb in
vitro is equivalent to 40 mg/kg in vivo , assuming absence of
preferential binding or exclusion of PZ in the environment
of microsomes in the liver cells. These results, then, are in
agreement with the data obtained in vivo. Presumably,
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Washed liver microsomes obtained from treated rats orfromnontreated
rats were incubated with [14C]AOM underconditionsspecified

in â€œMaterialsand Methods.â€•The [14C]MAMformedwasdetermined
by HPLC. In B, PZ was added to the incubationmixturein

the amountslisted.Activity0A.

Ratstreated 2 hr prior to sacrifice with
0.9%NaCIsolution 12.6Â±1.3@Pz

(40mg/kg) 12.0Â±3.8PZ(360mg/kg)
11.1 Â±1.6B.

NontreatedratsPZ(O@g/ml)
13.4PZ(4Oj@g/ml)
6.8PZ(36O@g/ml)
3.1PZ(72O@g/mb)
2.6PZ(144O@g/ml)

2.0

AOM Metabo!ism and PZ

Table 1
Effectsof PZon AOMhydroxylaseactivity

@. . . . iO@@@@ 20

a nmol MAM formed in 15 mm/mg microsomal protein.
b Mean Â±SE.

on both AOM and MAM oxidation by the high dose of PZ,
relatively high levels of [14Cjmethylamine appear in the
urine. This suggests that, under these conditions, reductive
pathways may become the predominating factor in the
metabolism of the carcinogen. The appearance of 14Clabel
in urea is most probably due to the entrance of 14C02into
the ornithine cycle, although more exotic pathways, such
as, for instance, the reaction of ammonia with the postu
bated carboxylic acid metabolite in Chart 6 to form the
amide, followed by complete reduction of the azoxy func
tion, cannot be ruled out.

The inhibition of MAM metabolism at 40-mg/kg doses of
Pz as evidencedby decreased14CO2excretionand in
creased urinary MAM excretion is additional evidence for
the hypothesis that alcohol dehydrogenase is involved in
the metabolism of this carcinogen, as suggested by
Schoental (22). Grab and Zedeck (10) first produced evi
dence for this hypothesis by demonstrating that cytosol
preparations of rat liver, colon, and cecum could catalyze
the reduction of NAD when incubated with MAM or with
ethanol. Reduction of NAD was also observed when MAM
was incubated with purified horse liver alcohol dehydrogen
ase. The reduction of NAD could in all cases be inhibited by
pyrazole, a classical inhibitor of alcohol dehydrogenase (9,
23). Moreover, Grab and Zedeck also showed that the
lethality of large (70- to 140-mg/kg) doses of MAMOAc
could be partially or completely prevented by pretreatment
with pyrazole.

It had previously been suggested by Druckrey (4) that
specific hydroxylases present in target organs may be
responsible for the organospecificity of a variety of nitros
amines as well as that of 1,2-dimethylhydrazmne. For the
latter, Druckrey postulated that 1,2-dimethylhydrazine is
biologically oxidized to azomethane, which is in turn oxi
dized to AOM which in turn is hydroxylated to MAM [hydrox
ylation of AOM to MAM as an activation step was also
independently suggested by Miller (18)]. We have studied
the in vivo metabolism of [14CJ-1,2-dimethylhydrazine in rats
and have detected labeled azomethane in the exhaled air
(8) as well as [â€˜4C]AOMand [14C]MAM in the urine (5-7),
thus providing evidence for Druckrey's activation sequence.

FRACTiONNO.37

10 15

ELUT1ONVOLUME, ml

Chart 5. @BondapakC,8 HPLC of peak fractions identified as [â€˜4C]MAM
(Fraction 34) and [â€œC]AOM(Fraction 37) in the 0- to 24-hr PZ (360 mg/kg)
urinary profile in Chart 4. A 20O-@.daliquot of the Aminex A-27 peak fractions
wasappliedto 2 seriallyconnected @BondapakC1,columns,each4 mm x
30 cm, and eluted with water at 1 mI/mm.
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microsomes from PZ-treated animals show full activity be
cause the inhibitor is removed during the microsome isola
tion procedure.

DISCUSSION

The results of the experiments described show that PZ, a
potent inhibitor of alcohol dehydrogenase, inhibits the
metabolism of AOM at 2 levels. At relatively low doses of PZ
(40 mg/kg), the amount of 14CO2derived from [14CJAOM is
substantially decreased while, concurrently, the urinary
excretion of [14C]MAM is increased some 2.5-fold with
respect to control animals. This indicates that, at this
dosage of PZ, the metabolism of AOM to MAM is relatively
unhampered but that the further oxidation of MAM is
blocked, thereby increasing the amount of MAM excreted
in the urine.

At higher doses of PZ (360 mg/kg), complete inhibition of
exhaled 14CO2is observed for the first 9 to 10 hr after
[14C]AOM administration; at the same time urinary excretion
of nonmetabolized [â€˜4C]AOMis increased some 3.5-fold
with respect to the nonpretreated controls. This indicates
that, at the higher dose level of PZ, the drug also inhibits
the hydroxybation of AOM to MAM. This is confirmed by the
results of in vitro experiments in which conversion of AOM
to MAM was inhibited by PZ. When a dual block is imposed
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Chart 6. Possible metabolic routes of activation of AOM to the electrophilic methyl carbonium ion. Following hydroxylation of AOM to MAM, the latter can
decompose spontaneously to methyldiazonium hydroxide plus formaldehyde (19). Competing for the spontaneous decomposition of MAM is alcohol
dehydrogenase which would form methylazoxyformaldehyde, (I). The latter could be oxidized by aldehyde dehydrogenases or oxidases to the carboxylic
acid (II). The latter would be expected to be unstable and lose CO, to yield methyldiazonium hydroxide, (Ill) by a concerted reaction although this, too, might
be enzyme catalyzed. The AOM hydroxylase and MAM dehydrogenase reactions are sensitive to PZ inhibition.

More recently, we have shown that AOM can be hydroxyl
ated to MAM in vitro by incubation in media containing rat
liver microsomes and a NADPH-generating system (5), but
this reactionwas not observedwith microsomesfrom rat
colon mucosa. The demonstration of AOM hydroxylase
activity in a tissue such as liver which is not a primary target
for either 1,2-dimethylhydrazine or AOM (4, 24) suggests
that this particular reaction may not constitute the organo
specific step in the metabolic activation of these carcino
gens.

MAM is unstable at temperatures above 0Â° (1 9) and is

capable of alkylating nucleic acids and other receptor
molecules without further enzymatic activation (17), proba
bly by decomposing, via a concerted reaction (4, 19) to the
methybdiazonium ion which forms the ultimate carcinogenic
species, the methylcarbonium ion. This spontaneous con
version of MAM to an alkylating species could presumably
occur with equal facility in any tissue, in apparent contra
diction to the observed high organospecificity of AOM. In
view of the evidence for the involvement of alcohol dehy
drogenase in the metabolism of MAM as presented by Grab
and Zedeck (10) and by our results in vivo , it is of interest to
consider an alternate pathway for the formation of the
methyldiazonium ion from MAM (Chart 6), which includes 3
additional enzymatic steps catalyzed by alcohol dehydro
genase , aldehyde dehydrogenase, and possibly decarbox
ylase enzymes. Tissues containing the correct complement
of these enzymes with proper substrate specificities might
then be targets for the effects of 1,2-dimethylhydrazmne,
AOM, and MAM. Indeed, Grab and Zedeck (10) have already

shown that those portions of the intestinal tract such as the
jejunum and ileum that are resistant to the chronic and
acute effects of MAM had far less activity with respect to
NAD4-dependent dehydrogenase activity with MAM or
ethanol as substrate than the liver, colon, and cecum, the
principaltargetsforMAM inthe rat.

Inhibition of the metabolism as well as toxicity of dimeth
ylnitrosamine by PZ and other inhibitors of alcohol metab
olism was described in comprehensive studies by Phillips
et a!. (20). In contrast to our observation that PZ inhibits
metabolism at steps other than those involving alcohol
dehydrogenase, i.e. , also at the level of the microsomal
hydroxylation of AOM to MAM, inhibition of microsomab
enzymes by PZ was not seen in these studies. Inhibition of
metabolism of dimethylnitrosamine by disulfiram, a drug
known to inhibit microsomal mixed-function oxidase reac
tions (12, 13) as well as alcohol metabolism at the aldehyde
dehydrogenase stage (2), did not lead to a reduction of
tumor incidence (21). This has been explained by Abanobi
et a!. (1) as due to the necessity for dimethylnitrosamine to
be metabolized in order to be excreted . In the absence of
metabolism, dimethylnitrosamine is excreted very slowly
and persists in the rat longer than does the inhibitor. Since
only very low quantities of nonmetabolized AOM are ex
creted in rat urine, a similar situation could exist for this
carcinogen. It will thus be of interest to determine the
effects of PZ on the carcinogenicity of AOM and to correlate
the results with the metabolism experiments reported here.
These studies, as well as examination of the effects of
inhibitorsof alcoholmetabolismon the metabolismof
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AOM Metabo!ism and PZ

[â€˜4CJMAMare under way in this laboratory. The effects of
Pzonthecarcmnogenicityof MAMOAcarebeingstudiedby
Grab and Zedeck (cf. Ref. 10).
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