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ABSTRACT

Male F344 rats were pretreated with various dietary com
pounds, and the effects of pretreatment on the in vitro a-
hydroxylation of A/-nitrosopyrrolidine or A/'-nitrosonornicotine

were determined in assays with liver microsomes or cultured
esophagus, respectively. Dietary compounds included phenols,
cinnamic acids, coumarins, Ã•ndoles,and isothiocyanates. Pre-

treatments were carried out either by administering the com
pound by gavage 2 hr prior to sacrifice (acute protocol) or by
adding the compound to the diet for 2 weeks (chronic protocol).
Acute pretreatment with benzyl isothiocyanate, allyl isothiocya-

nate, phenethyl isothiocyanate, phenyl isocyanate, and benzyl
thiocyanate but not sodium thiocyanate inhibited formation of a-

hydroxylation products of both nitrosamines. When the chronic
pretreatment protocol was used, only phenyl isothiocyanate and
sodium thiocyanate inhibited formation of a-hydroxylation prod
ucts of both nitrosamines. Pretreatments with butylated hydroxy-
anisole, p-methoxyphenol, or A/-acetylcysteine had little, if any,
effect on the a-hydroxylation of A/-nitrosopyrrolidine or A/'-nitro

sonornicotine. Chronic pretreatment with p-hydroxycinnamic
acid, 4-hydroxy-3-methoxycinnamic acid, coumarin, umbellifer-
one, limetine, indole, indole-3-carbinol, indole-3-acetonitrile, and
L-tryptophan induced activity for the a-hydroxylation of A/-nitro-

sopyrrolidine. The results of this study indicate that isothiocya
nates are possible candidates for further study as potential
inhibitors of carcinogenesis by A/-nitrosopyrrolidine and A/'-nitro

sonornicotine.

INTRODUCTION

Exposure to A/-nitrosamines may be associated with human

cancer (23). One way of preventing the carcinogenic effects of
nitrosamines is to avoid exposure to these agents. However,
elimination of nitrosamines from the human environment may not
be possible. Furthermore, considerable evidence has indicated
that nitrosamines can be formed in vivo by endogenous nitro-

sation (26, 28). Therefore, it is important, as an alternate ap
proach, to discover inhibitors of nitrosamine carcinogenesis,
especially those which occur in the normal human diet.

Wattenberg (37) has demonstrated inhibitory activities of some
dietary-related compounds against the tumorigenic activities of
certain polynuclear aromatic hydrocarbons such as 7,12-dimeth-

ylbenz(a)anthracene and benzo (a)pyrene. These compounds,
which include phenols, cinnamic acids, coumarins, isothiocya
nates, and Ã•ndoles,are widely distributed in fruits and vegetables.
These results may be related, in part, to the epidemiological

findings which implicate fruit and vegetable consumption in the
reduction of the incidence of certain human cancers (2, 3).

However, only scattered information is available regarding the
inhibition of nitrosamine carcinogenesis by dietary compounds
(24, 36). One potentially practical approach to identifying dietary
compounds which may inhibit nitrosamine carcinogenesis is to
assess their effects on the metabolic activation of nitrosamines
in target tissues. Using this approach as an initial screening
method for potential inhibitors, we have studied the effects of
some dietary-related compounds and their structural analogues

on the in vitro metabolism of 2 structurally related environmental
nitrosamines, NPYR3 and NNN (Chart 1; Refs. 16 and 32). The

in vitro metabolic assays were carried out in target tissues using
rat liver microsomes for NPYR and cultured rat esophagus for
NNN.

Both nitrosamines are believed to be metabolically activated
by a-hydroxylation which gives reactive species that can damage
DNA (14). Alternatively, these reactive intermediates can react
with H2O, forming stable metabolites. 4-Hydroxybutyraldehyde
from NPYR can be assayed by HPLC as its 2,4-dinitrophenylhy-
drazone derivative (1). 4-Hydroxy-1-(3-pyridyl)-1-butanone (keto
alcohol) and its oxidized metabolite, 4-oxo-4-(3-pyridyl)butyric
acid (keto acid), formed by 2'-hydroxylation of NNN, and 4-
hydroxy-4-(3-pyridyl)butyric acid (hydroxy acid), formed by 5'-

hydroxylation of NNN, can be analyzed by HPLC (15). Quanti
tative assays for these metabolites and derivatives were used
as indicators of the amounts of reactive precursors formed by
these a-hydroxylation pathways.

MATERIALS AND METHODS

Chemicals. NPYR was obtained from Aldrich Chemical Co., Milwau
kee, Wl. The 2,4-dinitrophenylhydrazone of 4-hydroxybutyraldehyde was
prepared as described previously (13). NADPH, NADP, glucose 6-phos-
phate, and glucose-6-phosphate dehydrogenase were obtained from
Sigma Chemical Co., St. Louis, MO. 2,4-Dinitrophenylhydrazine was

obtained from Eastman Kodak Co., Rochester, NY. Sucrose (special
enzyme grade) was from Schwarz/Mann, Orangeburg, NY. [2'-1<C]NNN

(51.7 mCi/mmol or 18.4 mCi/mmol) was purchased from New England
Nuclear, Boston, MA. Unlabeled NNN reference metabolites were syn
thesized as described previously (13). Butylated hydroxyanisole was
purchased from Sigma Chemical Co., St. Louis, MO. p-Methoxyphenol,
o-hydroxycinnamic acid, p-hydroxycinnamic acid, 4-hydroxy-3-methoxy-
cinnamicacid, coumarin, umbelliferone, limetine, indole, indole-3-carbinol,
indole-3-acetonitrile, L-tryptophan, A/-acetylcysteine, allyl isothiocyanate,

phenyl isothiocyanate, sodium thiocyanate, phenyl isocyanate, benzyl
isocyanide, and benzyl thiocyanate were all purchased from Aldrich
Chemical Co. Benzyl isothiocyanate was obtained from Fluka, Haup-

pauge, NY, and phenethyl isothiocyanate was purchased from Eastman
Kodak Co.

1This study was supported by National Cancer Institute Grants CA-32272 and
CA-32519. This is Paper 68 in the series, "A Study of Chemical Carcinogenesis."

2To whom requests for reprints should be addressed.

Received December 1,1983; accepted March 22,1984.
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Effects of Dietary Compounds on a-Hydroxylation

9
N=0

N=0

NNN

NPYR

Chart 1. Structures of NPYR and NNN.

Animal Treatments. Male F344 rats (200 to 300 g) were obtained
from Charles River Breeding Laboratories, Inc., Wilmington, MA. Rats
were housed in groups of 2 or 3 in solid-bottomed polycarbonate cages
with hardwood bedding. Animals were kept at 20 Â±2Â°(S.D.) and 50 Â±

10% relative humidity with a 12-hr light-dark cycle. Purina lab chow and

water were administered ad libitum. For the acute studies, rats were
treated by gavage with chemical (1 mmol/kg of body weight) in com oil
and sacrificed after 2 hr. The control groups received only com ou, and
1 control group (3 rats) was used for every 3 treated groups. For most
of the chronic studies, rats were fed ad libitum with NIH-07 diet containing

the appropriate chemical (0.03 mmol/g of diet). For benzyl isothiocyanate,
allyl isothiocyanate, phenethyl isothiocyanate, and phenyl isothiocyanate,
the doses were reduced to 0.003 mmol/g of diet due to toxicity. The
appropriate chemical and NIH-07 diet were thoroughly mixed with a
mechanical mixer and stored at 4Â°before use. The control rats were fed

NIH-07 diet, and 1 control group (4 rats) was used for every 8 treated

groups. After 2 weeks of feeding, the animals were sacrificed by decap
itation on Day 15.

Metabolism. After the rats were sacrificed, the esophagus and liver
were removed. Preparation of liver microsomes followed a procedure
previously described (13). Microsomes were assayed for protein concen
tration by the method of Lowry ef al. (22). The assay for NPYR metab
olism was carried out as follows (1). A mixture of 40 Â¿tmolof NPYR, 0.6
^mol of NADPH, 0.15 ml of microsomal suspension, 10 units of glucose-
6-phosphate dehydrogenase, 10 /Â¿molof glucose 6-phosphate, and 10

nmo\ of MgCI2 was brought to a total volume of 2.0 ml with 0.185 mmol
Tris-HCI buffer (pH 7.5) and incubated at 37Â°for 60 min. This incubation

mixture was then quenched with 2 ml of ethanol. After removal of protein
by centrifugation, 3 ml of the supernatant was treated with 0.2 ml of
0.15 M 2,4-dinitrophenylhydrazine reagent. A 0.04-ml aliquot of this

sample was neutralized and analyzed by HPLC.
Rat esophagus cultures were established by the published method

(15). Appropriate doses of [2'-"C]NNN were added to 5.0 ml of Williams
Medium E with supplements. Three different concentrations of [2'-14C]-

NNN were used: (a) 4.96 /Â»M(106 dpm; specific activity, 18.4 /iCi/jimo!);
(b) 1.82 fiM (106 dpm; specific activity, 51.7 fÃCi/jÃmol);and (c) 0.18 MM
(10s dpm; specific activity, 51.7 /iCi/itmol). All 3 concentrations gave

satisfactory HPLC radiograms and similar results, but Concentration C
was the most economical. For a typical incubation, the dishes were
placed in a controlled atmosphere culture chamber atop a rocking
apparatus in a 37Â°warm room. The chamber was rocked at a rate of 10

cpm, alternatively exposing the sections to the atmosphere (95% O2/5%
C02) and to the culture medium. The incubations were carried out for 24
hr.

Analysis of Metabolites. Details of the HPLC assay for NPYR a-

hydroxylation by hepatic microsomes have been described (1). Levels of
a-hydroxylation were determined from the height of the peak correspond
ing to 4-hydroxybutyraldehyde-2,4-dinitrophenylhydrazone. Results

were expressed as nmol/mg of protein.
Aliquots of the esophageal culture medium were analyzed directly for

NNN metabolites, using an improved HPLC procedure.4 The radioactivity

associated with the 3 major metabolites, keto alcohol, keto acid, and

hydroxy acid, was measured, converted to nmol, and divided by the total
number of nmol in the sample analyzed to give the normalized value.
Each esophagus was recovered fromthe culture medium, lyophilized,
and weighed (average dry weight, 22.5 mg). Results were expressed as
nmol/mg of dry weight of esophagus.

An index of inhibition or induction was calculated by dividing the mean
values of the metabolites in the experiments with treated rats by the
mean values in the corresponding control experiments. The resulting
index value was >1 for induction and <1 for inhibition of metabolite
formation. The statistical significance of the index was calculated by the
2-sample f test.

RESULTS

In the acute studies, treatment of rats with the tested com
pounds at a concentration of 1 mmol/kg of body weight did not
cause observable toxicity, as evidenced by no death among
treated rats before sacrifice and the normal gross appearance of
the livers. In the chronic studies, most of the compounds tested
at 0.03 mmol/g of diet caused no apparent toxic effects. Treated
rats had weight gains that were comparable to those of control
rats during the 2-week feeding period. However, allyl isothiocy

anate, phenethyl isothiocyanate, benzyl isothiocyanate, and
phenyl isothiocyanate showed possible toxicities, as evidenced
by considerable weight loss (5 to 50 g) in the treated rats. In
view of this fact, the doses of these compounds were reduced
to 0.003 mmol/g of diet. At this dose, no apparent toxicities were
observed. On the average, each rat consumed about 15 g of
diet/day. Therefore, the total doses of the isothiocyanates in the
chronic studies were about 2.1 mmol/kg of body weight, whereas
the total doses of the other compounds were about 21 mmol/kg
of body weight.

In previous studies, we have shown that the formation of NNN
metabolites in cultured rat esophagus increased over a period of
48 hr (15). In the present study, most of the esophagus culture
experiments were carried out for 24 hr, because the formation
of metabolites, even in cases in which inhibition occurred, was
sufficient to allow accurate determination of radioactivity. Some
experiments were also carried out with incubation times of 4 or
6 hr, and the observed extents of inhibition were similar to those
reported for the 24-hr incubations (data not shown). The concen
trations of [2'-14C]NNN used in these experiments were in the

linear portion of the substrate concentration versus product
formation curve. The concentration of NPYR and incubation time
for the liver microsomal assays were determined based on
previous results (1).

Table 1 summarizes some representative data obtained upon

Table 1
Metabolism of NPYR to 4-hydroxybutyraldehyde with liver microsomes from

treated and control rats

Rats were treated by gavage with chemical (1 mmol/kg) in corn oil, 2 hr prior to
sacrifice. Liver microsomes were prepared and incubated with NPYR as described
in "Materials and Methods."

4-Hydroxybutyraldehyde (nmol/mg of
protein)8

ChemicaltreatmentAllyl

isothiocyanate
Phenethyl isothiocyanate
Sodium thiocyanateTreated24.0

Â±4.0"

26.0 Â±6.0
45.0 Â±5.0Control48.7

Â±4.5
48.7 Â±4.5
48.7 Â±4.5

4 S. Carrnella, and S. S. Hecht. Optimized high-performance liquid Chromato
graphie analysis of metabolites of N '-nitrosonomicotine and 4-(methylni t rosami no)-

1-(3-pyridyl)-1-butanone, manuscript in preparation

8 4-Hydroxybutyraldehyde was measured as its 2,4-dinitrophenylhydrazone de

rivative. Average microsomal protein content was 7.4 mg/ml.
6 Mean Â± S.D. of preparations from 3 rats. All assays were performed in

duplicate.
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F-L. Chung et al.

Metabolism of NNN with cultured rat esophagus from treated and control rats
Rats were treated by gavage with chemical(1 mmol/kg) 2 hr prior to sacrifice.The esophaguswas removed

and cultured with [2'-14C]NNN(1.82 MM),as described in "Materials and Methods." Each value is the mean of

experiments with 3 rats and represents the amount of metabolite in 5 ml of incubation medium.
nmol/culture dish nmof/mg of dry esophagus'1

ChemicaltreatmentAlly

1Â¡sothiocyanatePhenethyl

Â¡sothiocyanateMetabolites3Hydroxy

acidKeto
acidKeto
alcoholHydroxy

acidKeto
acidKeto

alcoholTreated0.290.460.550.290.480.50Control0.750.981.040.750.981.04Treated0.18

Â±0.04C0.29

Â±0.050.36
Â±0.020.1

7Â±0.020.28
Â±0.040.30
Â±0.02Control0.59

Â±0.020.76
Â±0.040.82
Â±0.030.59

Â±0.020.76
Â±0.040.82
Â±0.03

" Normalized to the total nmol in the sample analyzed.
" Average weight of dry esophagus was 22.5 mg.
c Mean Â±S.D.

incubation of NPYR with hepatic microsomes from rats which
had been treated with allyl isothiocyanate, phenethyl isothiocy-

anate, or sodium thiocyanate, and Table 2 summarizes data
obtained upon metabolism of [2'-14C]NNN by esophagus organ

cultures from the same rats treated with allyl and phenethyl
isothiocyanates. These data and all other data obtained in this
study were converted to an index of inhibition or induction and
are presented as such in Tables 3 and 4.

The effects on NPYR metabolism of chronic administration of
compounds to rats are illustrated in Table 3. Only p-methoxy-
phenol showed moderate inhibitory activity. Butylated hydroxy-
anisole and o-hydroxycinnamic acid had no effect on NPYR
metabolism, andp-hydroxycinnamic acid, coumarins, and Ãndoles
were inducers. The 2 indole derivatives, indole-3-carbinol and L-

tryptophan, were particularly effective inducers of NPYR metab
olism. In view of these results, the effects of cinnamic acids,
coumarins, and Ã•ndoleswere not investigated further in this
study.

The potential inhibitory activities of organic isothiocyanates
and related compounds on NPYR and NNN metabolism were
evaluated in both acute and chronic studies. The results are
summarized in Table 4. For NPYR in the acute studies, inhibitory
activities were observed for all organic isothiocyanates and
related compounds. However, sodium thiocyanate was inactive.
In the chronic studies, benzyl isothiocyanate and benzyl thiocy
anate had virtually no effect on the metabolism of NPYR. Sodium
thiocyanate was, however, a good inhibitor, in contrast to the
results obtained in the acute study.

Table 4 also shows that all of the organic isothiocyanates
demonstrated considerable inhibition of NNN metabolism, rang
ing from 2- to 3-fold, in the acute studies. Except for benzyl

thiocyanate, structurally related chemicals were essentially in
active. Two phenols, p-methoxyphenol and butylated hydroxy-

anisole, had little effect on the metabolism of NNN when the
acute treatment protocol was used. In the chronic studies, benzyl
isothiocyanate, phenyl isothiocyanate, and benzyl thiocyanate
retained, at least partially, their inhibitory activity on NNN metab
olism. Allyl and phenethyl isothiocyanate and other related com
pounds were essentially inactive. Interestingly, sodium thiocya
nate displayed inhibitory activity in the chronic study but had no
effect in the acute study, as observed with NPYR.

Table 3

Chronic effects of some dietary compounds on the metabolism of NPYRin rat
liver microsomes

For 2 weeks prior to sacrifice, rats consumed NIH-07 diet containing the
appropriate compound. Liver microsomes were used for the metabolism of NPYR
to 4-hydroxybutyraktehyde.

CompoundButylated

hydroxyanisolep-Methoxyphenolo-Hydroxycinnamic

acidp-Hydroxycinnamic
acid4-Hydroxy-3-methoxycinnamic
acidCoumarinUmbelliferoneLimetineIndoleIndole-3-carbinollndole-3-acetonitrileL-TryptophanN-AcetylcysteineIndex"1.0"0.7e1.01-5rf'â€¢SS1.6*1.6"1.7"1.4C2.8"1.5"2.2"0.9C

DISCUSSION

In previous studies, several nondietary compounds have been
shown to inhibit the metabolism of certain nitrosamines such as

'' Meanof the treated rat values (nmolof 4-hydroxybutyraldehyde/mg of protein)

divided by the mean of the control rat values. For each compound, 3 or 4 treated
rats were used. The same number of rats was used for each control group.
Incubations were carried out at least in duplicate for each rat liver microsomai
preparation.

6 Average standard deviation for all values, 14%.
c p < 0.05 compared to control.
dp < 0.01 compared to control.

W-nitrosodimethylamine and NPYR. For example, pyrazole, 3-
amino-1,2,4-triazole, aminoacetonitrile, pregnenolone-16Â«-car-
bonitrile, and disulfiram inhibited metabolism of A/-nitrosodi-

methylamine (10, 12, 30, 31), and pyrazole and disulfiram were
also inhibitors of NPYR metabolism. (5). Disulfiram, pregneno
lone-1 6a-carbonitrile, and aminoacetonitrile have been shown to
reduce the hepatotoxicity and hepatocarcinogenicity of W-nitro-

sodimethylamine in rats (11, 12, 34). In contrast to studies in
polynuclear aromatic hydrocarbon carcinogenesis, limited infor
mation is available on the inhibition of nitrosamine carcinogen
esis, and even less is known about its inhibition by dietary-
related compounds. Only 2 dietary-related compounds, butylated

hydroxyanisole and indole, have been reported to inhibit nitrosa
mine carcinogenesis. Butylated hydroxyanisole inhibited lung
tumor induction in mice by A/-nitrosodimethylamine, and indole
inhibited bladder carcinoma induction in hamsters by A/-nitroso-
dibutylamine (24, 36).

In this study, 21 dietary and related compounds have been
evaluated for potential inhibitory activities against the carcino
genic effects of NPYR or NNN by using in vitro metabolic assays
in target tissues. We have shown that isothiocyanates can inhibit
the metabolic o-hydroxylation of both NPYR and NNN using the

acute treatment protocol. However, in the chronic experiments,
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Effecfs of Dietary Compounds on a-Hydroxylation

Table 4

Effects of dietary and related compounds on the metabolism of NPYR in rat liver microsomes and NNN in cultured rat esophagus
Rats were treated with the appropriate Â¡sothtocyanate by either the acute or chronic protocol described in "Materials and Methods." After sacrifice, liver microsomes

or esophagus organ cultures were used for metabolism of NPYR to 4-hydroxybutyraldehyde or NNN to hydroxy acid, keto acid, and keto alcohol, respectively, as
described in 'Materials and Methods." Average standard deviation for all values: for NPYR, 18% for the acute study and 16% for the chronic study; and for NNN, 13%

for the acute study and 16% for the chronic study.
Index8

NPYRaCompoundBenzyl

isothiocyanateAllyl
isothiocyanate

Phenethyl isothiocyanate
PhenylisothiocyanateSodium
thiocyanatePhenyl
isocyanateBenzyl

isocyanide
BenzylthiocyanateN-AcetylcysteineButylated

hydroxyanisole8

P-MethoxypnenorAcute

(4-hy-droxybutyral-dehyde)Â«"Â£0.5*

0.5*
0.5*1.00.5*0.6*

0.4*NDND

NDChronic

(4-hy-droxybutyral-dehyde)1.00.7*K

0.6*0.5*Q.IND"1.20.9e1.0

0.7eAcuteHydroxy

acid KetoacidÂ°t0.3*

0.3*
0.6*0.9Â°0.9*0.7e

0.4*1.01.0

1.1Mean

of the treated rat metabolite values divided by the mean of the control rat values.0.4*OAÃŒ

0.4*0.6*1.00.90.9

0.5*1.01.01.0Three

or 4NNNKeto

alcohol0.5*(H*

0.91.11.2e1.0

0.6*0.9*1.1

1.2Hydroxy

acid0.6C0.9

0.9fi
0.4*0.3*0.9ND

0.7e0.9ND

NDChronicKeto

acid0.61.0

1.0
0.5*0.6*0.9ND

0.81.0ND

NDtreated

rats were used for each compound and,Keto

alcohol0.81.0.

1.5*
0.7*0.4*1.2ND

0.7e1.1ND

NDin

eachcontrolgroup,
incubations were carried out at least in duplicate for each rat liver microsomalpreparation.bcdep

< 0.01 compared tocontrol.p
< 0.05 compared tocontrol.ND,

notdetermined.NNN
values are results from 4-hr incubation. NPYRvalues are from Table 3.

the isothiocyanates were not consistently inhibitory. An inhibitory
activity could be accounted for by at least 2 mechanisms: inac-

tivation of enzymes involved in metabolism and/or a scavenging
effect. In this case, the enzyme inactivation mechanism is sup
ported by several observations. First, the inhibitory activity of a
compound was often associated with an increase in the amount
of unmetabolized NNN in the postincubation medium as com
pared to that of the control experiments; secondly, in the NNN
metabolism study, no additional peaks which might have resulted
from scavenging of activated intermediates were observed in the
radiograms; finally, A/-acetylcysteine, which is known to protect
biological systems from adverse effects because of its nucleo-

philicity (4), had no apparent effects on NNN metabolism.
Benzyl, allyl, and phenethyl isothiocyanates, as well as benzyl

thiocyanate, are found as glucosinolates in cruciferous plants
such as cabbage, brussels sprouts, and broccoli (19, 25). They
are released in the free form upon hydrolysis by enzymes or in
vivo (27, 35). The relative amounts of free isothiocyanates and
the parent glucosinolates present in vegetables that humans
consume depend largely on how the vegetables are prepared
(6). Thus, further studies are necessary to determine whether
vegetables containing the appropriate isothiocyanates or glucos
inolates per se can inhibit NNN or NPYR metabolism.

Allyl isothiocyanate has been shown to be toxic and carcino
genic (9,18). However, very little is known about the metabolism
or pharmacokinetics of isothiocyanates. Chronic p.o. administra
tion of allyl Â¡sothiocyanate to rats increased the serum thiocya
nate level by 3- to 5-fold (20). The isothiocyanate group is reactive

and is likely to interact with amino, hydroxy, and thiol groups of
proteins to form addition products (8). a-Naphthyl isothiocyanate
reduces the activity of hepatic cytochrome P-450 monooxygen-

ases (7), and the isothiocyanates examined in the present study
may have similar effects. The inhibitory activity of a-naphthyl
isothiocyanate toward P-450 monooxygenases may be related
to its anticarcinogenic effects toward /V-2-fluorenylacetamide and
A/-nitroso-/V-(4-hydroxybutyl)butylamine (17, 33).

In contrast to the isothiocyanates, the cinnamic acids, cou-

marins, and Ãndolesenhanced hepatic a-hydroxylation of NPYR,

and butylated hydroxyanisole had no effect on NPYR or NNN
metabolism. While the effects of cinnamic acids and coumarins
on microsomal enzyme activity have not been well established,
Ãndoleshave been shown to be good inducers of microsomal
enzymes (21,29), and indole-3-carbinol is among the most potent

inducers. These results are consistent with our observation of
induction of NPYR metabolism by Ã•ndoles,among which indole-
3-carbinol demonstrated the most pronounced activity.

In conclusion, among all of the compounds tested in this study,
isothiocyanates were generally the most effective in inhibiting
the in vitro metabolism of both NPYR and NNN in their target
tissues. However, the role these compounds may play in pre
venting the carcinogenicity of NPYR and NNN awaits the results
of bioassay studies.
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