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SUMMARY

Rates of conversion of â€˜4C-labeleddimethyl- and diethyl
nitrosamine by rat and hamster tissue slices to â€˜4CO2
and/or into mutagenic reactants were measured using
Salmonella typhimurium G-46 or TA 1530 and fortified
tissue fractions in vitro. A correlation between the CO2
production from dimethyl- or diethylnitrosamine in liver or
lung and the organ distribution of induced tumors in vivo
was observed. As an exception, hamster lung, which is a
major target organ in diethylnitrosamine carcinogenesis,
did not convert this nitrosamine into metabolites mutagenic
for S. typhimurium TA 1530, although the â€œCO2produc
tion in vitro was even higher than in hamster liver. The
effect of pretreating rats, hamsters, and mice with pheno
barbitone on the mutation frequency produced by dir@iethyl
or diethylnitrosamine in in vitro assays was determined. The
relationship between the site of metabolic activation, mu
tagenicity, and carcinogenicity of the dialkylnitrosamines
and the effect of enzyme inducers are discussed.

INTRODUCTION

N-Dealkylation of DMN3 and diethylnitrosamine by
tissue specific microsomal mixed-function oxidases is
thought to generate Ã¡lkylating intermediates that are re
sponsible for the mutagenic (3, 17, 18), toxic, and carcino
genic (5, 7, 15)effects ofthe parent compoundsin vivo and
in vitro. Since all ultimate reactive metabolites of chemical
carcinogens thus far tested exhibit mutagenic effects (20),
an in vitro mutagenicity assay using his-auxotroph strains
of Salmonella typhirnurium has been used to study a cor
relation between the mutagenic effect of DMN and di
ethylnitrosamine and their sites of metabolic activation, in
an attempt to understand the pronounced organ-specific
carcinogenicity of these compounds in rats and hamsters
(5). In parallel, the metabolic conversion of â€˜4C-labeled
nitrosamines to â€˜4CO2was estimated, and the results ob
tamed were compared with the organ distribution of tumors
occurring after administration of the 2 nitrosamines in vivo.
The effect of pretreatment with phenobarbitone, DDT, and
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DDE on the mutagenicity of DMN and diethylnitrosamine
was also studied.

MATERIALS AND METHODS

Chemicals

DMN was purchased from the British Drug House, Ltd.
(Poole, Dorset, U. K.) and from Merck-Schuchardt (Darm
stadt, Federal Republic of Germany). Diethylnitrosamine
was obtained from Eastman-Kodak (Rochester, N. Y.), and
NADP@ and glucose 6-phosphate were purchased from
Boehringer-Manheim, France S. A., Paris, France. DDT
(m.p. 106â€”107Â°)and DDE (m.p. 88â€”89Â°)were kindly
provided by Ugine Kuhlman, Jarrie, France. All other
products were obtained commercially and were ofthe purest
grade available.

Radiochemicals

[â€˜4CJDMN(4.8 mCi/mmole) was prepared by Dr. D. F.
Heath, Carshalton, U. K., using the method of Dutton and
Heath (6) and was diluted with unlabeled DMN, as
specified, prior to use. [l-'4C]Diethylnitrosamine (2. 1 mCi/
mmole) was synthesized by Dr. P. F. Swann (Courtauld
Institute, London, U. K.) using a method of synthesis from
[l-'4C]acetate reported by Dr. A. R. Mattocks (see Ref.
32). It was diluted with unlabeled dIethylnitrosamine, as
specified, before use.

Animals and Tissue Preparations

Adult male and female BD-VI rats (100 to 130 g) were
bred in the International Agency for Research on Cancer
laboratory; female Syrian golden hamsters (80 to 90 g) and
male OF-i mice (30 to 35 g) were obtained from Iffa-Credo
(St. Germain sur l'Arbresle, France). The animals were fed
on a Charles River CRF diet. Some metabolic studies with
tissue slices were carried out with male and female Wistar
albino rats (200 g), which were fed a Rowett 81 diet. No
difference in metabolic activity was noted between the 2
strains of rats. As specified, some rats, hamsters, and mice
received phenobarbitone sodium (1 mg/ml) in the drinking
water for 7 days prior to the experiment, and in some cases
DDT or DDE dissolved in olive oil was given by 3 i.p.
injections of 100 mg per kg body weight per day. The
animals were killed 24 hr later.
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The organs of the decapitated animals were excised,
washed, and homogenized in 0. 15 M KC1 (3 ml/g wet tissue)
in a Potter-Elvehjem-type homogenizer. The postmitochon
dna! supernatant was prepared from tissues pooled from 2
to 4 animals by centrifugation of the homogenate at 9,000 x
g (average) for 10 mm. The resulting supernatants were kept
at 0â€”4Â°and used for mutagenicity assays within 2 hr. All
procedures were carried out at 0â€”4Â°using sterile glassware
and solutions. The protein contents of the 9,000 x g organ
supernatants of untreated or phenobarbitone pretreated
animals (in mg/ml) were (number of animal pools analyzed
in brackets): rat, hamster, and mouse liver, 29.7 Â±3 [20];
rat, hamster, and mouse lung, 21.4 Â±2.9 [9]. Microsomal RESULTS
proteins were obtained after centrifugation of the 9,000 x g
supernatants for 30 mm at 10,000 x g (average) and for 60
mm at 100,000 x g (average). The microsomal pellet was
resuspended in 0.1 M Sorensen buffer, pH 7.2, and the
protein content (in mg protein per ml) of the 9,000 x g
supernatant was (number of animal pools analyzed in
brackets): rat, hamster, and mouse liver, 5.1 Â±1.1 [18]; rat,
hamster, and mouse lung, 1.7 Â±0.3 [8].

Mutagenicity Assays in Vitro

Inoculates ofS. typhimurium G-46 and TA 1530 (kindly
supplied by Professor B. Ames, Berkeley, Calif. were
grown overnight in 5 ml of Bacto-nutrient broth or Bacto
Antibiotic Medium III (Difco Laboratories, Detroit,
Mich.) at 37Â°.The bacteria were collected by centrifuga
tion and the number was adjusted by resuspension in a
proper volume of 0.9% NaCI solution. Unless otherwise
noted, the routine assay medium (final volume, 1. I ml) con
tamed 0.3 ml postmitochondrial supernatant, 8 zmoles
MgCI2, 5 jimoles glucose 6-phosphate, 4 @zmolesNADP@,
100 zmoles Sorensen-phosphate buffer (pH 7.4), 0.1 ml
bacterial suspension (1 to 2 x 108 cells), and 0.05 M DMN
or diethylnitrosamine. Some mutagenicity assays were
carried out on a microscale with a total volume of 0.22 ml,
but at the same concentration mentioned above. Prior to
addition of the nitrosamines, the assay mixture was flushed
with oxygen for 30 sec at 0â€”4Â°and the incubation was car
ned out in 50-ml stoppered flasks, which were shaken (80
strokes/mm) at 37Â°in a water bath after having been equil
ibrated to 37Â°by shaking for 30 sec. The incubation was
stopped by placing the flasks in ice and by a 10-fold dilu
tion of the assay mixture with ice-cold sterile 0.9% NaCI
solution. After vigorous agitation, this mixture was serially
diluted in ice-cold 0.9% NaCI solution. The enumeration
of the total bacterial counts and of his@revertant colonies
(both in duplicate) was done by plating the appropriate di
lution on selective media ( 1) following incubation for 48 hr
at 37Â°. Unless otherwise specified, MF was expressed in
his@ revertant colonies per I x 106 survivors per mg
microsomal protein per flask per 30-mm incubation.

14C02 Determination with Tissue Slices. About 160 mg of
tissue slices from liver, lung, and small intestine of rats and
hamsters were incubated at 37Â°for 90 mm under oxygen in
a conventional Warburg apparatus as previously described
(22, 23). The oxygen consumption was measured at 10-mm

intervals (35). Seventy to 7 1 jzg [â€˜4C]dialkylnitrosamine (0.1
zCi), in 0.2 ml of phosphate buffer, pH 7.4, were added
from the side arm after the Warburg flask had been allowed
to equilibrate at 37Â°. 14CO2was trapped in 10% sodium
hydroxide and measured as Ba'4C03 , as previously re
ported (23).

Measurement of Radioactivity. â€˜4Cwas counted in a
Packard Tri-Carb Model 3320 liquid scintillation spectrom
eter. Counting efficiency and quenching were determined by
internal and external standardization.

Determination of Optimal Conditions for MF. Maximal
MF (his@revertants per I x 106survivors) in a standard
mutagenicity assay with the G-46 strain and DMN as
substrate was obtained using 0.3 ml of 9000 x g liver
supernatant per flask (8. 1 Â±0.8 mg protein per ml of the
incubation medium) from phenobarbitone-pretreated rats,
and a plateau of MF was reached at a concentration of 3.7
mM NADP@ (Chart 1). When glucose 6-phosphate or

MgCl2 or DMN was omitted from the assay medium, MF's
were reduced to 24, 14, or 0. 1%, respectively, as compared
to an assay in which a complete reaction mixture (100%)
was incubated for 15 mm, as described above.

When the MF was determined as a function of the
concentration of DMN in the standard mutagenicity assay,
an approximately linear response for the G-46 and TA 1530
strains was observed with liver fractions from phenobarbi

Chart 1. MF (his@ revertant colonies/106 colonies of surviving bacte
na) as a function of the concentration of NADP@ or 9000 x g rat liver
supernatant. The routine mutagenicity assays contained the G-46 strain,
0.05 M DMN, glucose 6-phosphate, and variable amounts of NADP@
(j.tmoles/flask) or variable amounts of 9000 x g liver supernatant
(ml/flask) of phenobarbitone-pretreated rats as indicated. Incubation time
was 15 mm. Spontaneous M F's were not subtracted. Other details are
given in the text.
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tone-pretreated rats up to 0.5 M(Chart 2A). Strain TA 1530
showed a similar high mutagenic response for diethylnitros
amine as well as for DMN (Chart 2B) in contrast to the
G-46 strain, in which the mutagenic response was higher
with DMN (18). When the MF was determined as the
function of incubation time with TA 1530 in the presence of
various organ homogenates and DMN or diethylnitrosa
mine as substrate, the mutagenic response showed an
approximately linear increase up to 60 mm (Charts 3 and 4).
Consequently, the TA 1530 strain, an incubation time of 30
mm, and a concentration of 0.05 M for the nitrosamines
were chosen for the estimation of specific MF's in various
tissues.

MF as a Function of Animal Species, Sex, and Tissues.
The organ- and species-specific conversion of DMN and
diethylnitrosamine into mutagenic reactants was compared
in the routine assays using lung and liver postmitochondrial
supernatants from BD-VI rats and Syrian golden hamsters.
The MF's (his@ revertant colonies per I x 106 survivors per
mg microsomal protein per flask per 30 mm) with DMN
and liver fractions of rat and hamster were 10 times higher
than the spontaneous MF (Table 1, Experiments 1 and 7).
No significant mutagenic response could be detected in
either rat or hamster lung with diethylnitrosamine or DMN
(Table 1, Experiments 2 and 8), even with incubations up to
60 mm (Chart 3). MF in liver fractions of BD-VI rats was
equally high in both sexeswith DMN or diethylnitrosamine
(Table 1, Experiments 3 and 5).

Effect of Inducers of the Microsomal Mixed-Function
Oxidase on the MF. With DMN, a 2-fold increase of MF's
by liver fractions from rats, hamsters, or mice pretreated
with phenobarbitone was observed. With diethylnitrosa

I@ I

mine, the MF increased 40-fold in rats, 10-fold in mice, and
4-fold in hamsters following phenobarbitone pretreatment
compared to untreated animals (Table 1, Experiments 3 and
9; Table 2, Experiment 3). DDT or DDE given to mice
increased the MF only 3-fold with diethylnitrosamine but
not with DMN (Table 2, Experiments 5 and 6). These
results are in agreement with an increase of the diethylni
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Chart 2. MF's (his@ revertant colonies/106 colonies ofsurviving bacte
na) with strains G-46 (â€¢) and TA 1530 (â€¢) as a function of the
concentration of DMN (A) or diethylnitrosamine (DEN) (B). The routine
assays contained 9000 x g liver supernatant (0.3 mI/flask) from phenobar
bitone-pretreated rats, DMN or diethylnitrosamine at variable concentra
tions, and the other ingredients listed in the text. Incubation was 15 mm at
370 and spontaneous mutation rates were not subtracted.
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Chart 3. MF (his@ revertant colonies/lO' colonies of surviving bacteria) with the TA 1530 strain as a function of incubation time with either DMN
(0) or diethylnitrosamine (â€¢)in the presence of9000 x g supernatant of pooled liver (â€”.-â€”)or pooled lung (â€”) from female BD-VI rats (A) or from
female Syrian golden hamsters (B). The routine assays contained 0.3 ml of liver or lung fractions with a microsomal protein content as indicated in Table
1, DMN or diethylnitrosamine at 0.05 Mconcentration, and all other ingredients as listed in the text. Incubation time was for up to 60 mm at 37Â°.The data
are collated from 2 individual series of experiments. Spontaneous mutations were not subtracted and bacterial survival was 90 to I 10%.
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Reversion of S. typhimurium TA 1530 to his@ by various fortified 9,0tX4 x g tissue fractions from untreated or phenobarbitone-pretreated rats and
hamsters with either DMN or diethylnitrosamine

The routine assays used are described in the text. Results are given for individual experiments, each consisting of a pool of 2 to 4 animals. Parallel
control assays in which either the dialkylnitrosamines or the cofactors were omitted were carried out. Under the experimental conditions, bacterial
survival was 90 to I 10%. The number of spontaneous mutations in control assays (300 to 700 his@ per ml incubation medium per 30 mm) was subtracted
from each value. The ratio of total to microsomal protein in 9,000 x g fraction was 5.4 Â±I .4 [13]a for the liver, and 10. I Â±3.3 [7] for the lung.
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Chart 4. Effect of phenobarbitone pretreatment of rats (A) and hamsters (B) on the M F (his@ revertant colonies/ 10' surviving colonies) with the TA
I 530 strain and DM N (0) or diethylnitrosamine (S) in the presence of liver (â€”.__.) or lung (â€”) tissue supernatants. The routine assays contained 9000
x g supernatant of pooled tissuefrom female rats or female hamstersand 0.05 M DMN or diethylnitrosamine together with the other ingredients listed in
the text. The microsomal protein content of the mixture is given in Table I . The data are collated from 2 individual series of experiments. Spontaneous
mutation rates were not subtracted. The rate of bacterial survival was 90 to I 10%.

Table I

a Numbers in brackets, number of pooled animal tissues analyzed.

b his@ revertant colonies per ml of incubation medium.

C'his@ revertant colonies per 106 colonies of surviving bacteria per mg microsomal protein per flask per 30 mm.

MARCH 1975 647

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2393699/cr0350030644.pdf by guest on 19 M

ay 2023



DMNDiethylnitrosaminehis

I 106/his@/106mg
microsomalsurvivors/mgsurvivors/mgprotein/mImicrosomal.

microsomalExper
9,000 xghis@/ml/30protein/30his@/ml/30protein/30imentPretreatmentTissuesupernatantminamm5minamm6INoneLiver6.6

6.7
7.6
3.517,400

9,700
11,900
7,20027

1I
17
19320

550
800.5

0.8
0.12NoneRespiratory

tractI.700003PhenobarbitoneLiver6.6

4.9
7.348,000

28,600
24,90073

44
373,600

5,300584PhenobarbitoneRespiratory

tractI.600005DDTLiver3.87,900195801.46DDELiver3.67,100185801.5

H. Bartsch et a!.

Table 2

Effect on MF in vitro with DMN or diethylnitrosamine after pretreatment of male OF-i mice with inducers of
drug-metabolizing enzymes

The routine assays as described in â€œMaterials and Methodsâ€• contained S. typhimurium TA 1530 and the fortified 9,000 x g
organ supernatants of 4 pooled animals. The controls had either the nitrosamines or cofactors omitted. Results are given for
individual experiments and the number of spontaneous mutations (300 to 800 his@ revertants per ml incubation medium) was
subtracted from each value. Under the experimental conditions, bacterial survival was 90 to I 10%.

ahis@revertantcoloniespermlofincubationmedium.
I his@ revertant colonies per 10' colonies of surviving bacteria per mg microsomal protein per flask per 30 mm.

trosamine dealkylase activity as measured by the formation
of acetaldehyde in rat liver, following administration of
enzyme-inducing drugs (16).

Phenobarbitone pretreatment of rats, hamsters, and mice
did not increase the MF in assays with lung tissues above the
spontaneous mutation rate with either DMN or diethylni
trosamine as substrate (Table 1, Experiments 4 and 10;
Table 2, Experiment 4). Neither the addition of I unit of
glucose 6-phosphate dehydrogenase to routine assays con
taming lung preparations from either phenobarbitone-pre
treated or untreated hamsters nor incubation prolonged up
to 60 mm (Chart 4B) led to an increased mutagenic
response.

â€˜4CO2Production from [â€˜4C]DMN or [â€˜4C]Diethylni
trosamine with Rat and Hamster Tissue Slices. In order to
assess the metabolic competence of the various organs to
convert dialkylnitrosamines via the monoalkylnitrosamines
and the corresponding aldehydes into CO2 (15), the â€˜4C02
production from â€œC-labeled DMN and diethylnitrosamine
in lung, liver, and small intestine of rats and hamsters was
estimated. The results were expressed as percentages of the
â€˜4C-labelednitrosamine added to the incubation mixture per
g of wet tissue per hr. The reproducible respiration rates
(Table 3) indicated the viability of all the tissue slices
examined. DMN and diethylnitrosamine at the concentra
tions used did not alter the oxygen uptake during a 90-mm
incubation period. With DMN, rat and hamster livers
showed the highest rate of â€œCO2formation, while respira
tory tract and small intestine were approximately 100-fold
less active (Table 3). With diethylnitrosamine, rat liver had
the highest rate of metabolism among the tissues examined,
but its activity was about 3-fold lower than with DMN.

In hamster tissues, the conversion of diethylnitrosamine

into CO2 was similar to that in the rat tissues, with the
exception of the respiratory tract, where it exceeded that of
liver by about 30%. In some experiments, slices from the
trachea and the lung parenchyma were,examined separately,
but no detectable differences in the metabolism of DMN or
diethylnitrosamine were observed in these 2 segments of the
respiratory tract (25).

The differences observed in CO2 production from liver
and lung slices in both species studied were not caused by a
different rate of metabolism of the simultaneously formed
aldehydes and alcohols. As measured with slices and
â€˜4C-labeled formate, acetate, methanol, or ethanol as the
substrate, rates of â€˜4CO2formation in the lung of hamsters
and rats showed no remarkable differences (24, 25). These
data support the notion that â€˜4C02production from â€˜4C-
labeled DMN or diethylnitrosamine reflects the metabolic
capacity of an organ to metabolize the nitrosamines to
alkylating species or to other unidentified metabolites.

DISCUSSION

This paper describes optimal cofactor and reaction
conditions for an in vitro mutagenicity assay using G-46 and
TA 1530strains, where the latter was specifically reverted to
histidine prototrophy by both DMN and diethylnitrosamine
following biotransformation through base-pair substitutions
(1). As an in vitro activation system, a 9,000 x g organ
supernatant combined with a NADPH-generating system
was chosen instead of a microsomal fraction, because meta
bolic activation and detoxification processes of carcinogenic
chemicals are also catalyzed by soluble enzymes ( 19). Pos
sible different toxicities of chemicals were taken into ac
count by plating separately for his@revertants and surviv
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CompoundAnimal speciesTissue02

uptake
(@l/g wet

wt/hr)â€˜4C02

production
(% â€˜4Cconverted!

g wet wt/hr)TumorresponseDMNRatLiver

Respiratory tract
Small intestine780

Â± 78Â°
940 Â±187
960 Â±17922

Â± 4@ (35)6
0.12 Â± 0.01 (10)
0.1 1 Â± 0.02 (6)+

â€”

â€”HamsterLiver

Respiratory tract
Small intestine410

Â± 88
680 Â± 75

1340 Â±44036

Â±14 (17)
0.3 Â± 0.1 (12)
0.05 Â± 0.06 (6)+

â€”

â€”DiethylnitrosamineRatLiver

Respiratory tract
Small intestine520

Â± 13
950 Â± 70
820 Â±1007.9

Â± 1.7 (15)
1.3 Â± 0.2 (10)
0.6 Â± 0.1 (6)+

â€”

â€”HamsterLiver

Respiratory tract
Small intestine480

Â±103
710 Â± 89

1170 Â±3008.9

Â± 3.3 (10)
12.4 Â± 1.2 (17)
0.9 Â± 0.1 (6)+

+
â€”
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Table 3

Oxygen uptake and â€˜4CO3production from â€˜4C-labeledDMN or diethylnitrosamine by rat and
hamster tissue slices in comparison with the carcinogenic response of the organs

The â€˜4C02determinations were carried out as described in the text in Warburg flasks under an oxygen
atmosphere containing approximately 160 mg sliced tissue and [14C]DMN or [l-'4Cjdiethylnitrosamine.
Incubation was at 37Â°for up to 90 mm.

a Mean Â± S.D.

6 Number of determinations in parentheses.

ing bacteria on selective media. Ames et a!. (2) failed to
detect a mutagenic effect of DMN when the carcinogen,
the liver fraction, and the bacteria were added directly to
the soft agar layer. In order to avoid the trapping of alkyl
ating reactants on nucleophilic sites (i.e., hydroxyl groups)
of the agar component, which might explain the above
mentioned negative findings, the incubation in our studies
was carried in a liquid suspension which allowed a definite
time of interaction among enzymes, chemicals, and bac
teria.

The aim of these studies was to examine the relationship
between the site of metabolic conversion and the formation
of mutagenic reactants, in order to understand the well
documented carcinogenic organotropism of DMN and
diethylnitrosamine in rats and hamsters. The enzymic
conversion of DMN and diethylnitrosamine into alkylating
intermediates is paralleled by the formation of the corre
sponding alcohols and/or aldehydes, which are further
metabolized to CO2 in vitro and in vivo (15, 25). Since a
linear relationship was demonstrated, with various tissue
slices from several animal species, between CO2 production
from DMN and the extent of 7-methylguanine formation in
the nucleic acids of such slices (25), â€œCO2production was
estimated as a parameter for the metabolic conversion of
the nitrosamines into alkylating intermediates or other
metabolites. The results were compared with the distribu
tion of tumors in the lung and liver of hamsters and rats
following the administration of DMN or diethylnitro
samine (Table 3).

Liver slices of rats showed the highest production of CO2
with DMN and diethylnitrosamine, whereas in the respira
tory tract and small intestine the activity was extremely low.
Tumors of the liver, but not of the respiratory tract, are

induced in the rat by these nitrosamines (4, 5, 11, 14, 29,
31). The ability of hamster tissue slices to produce CO2
from DMN paralleled that of rat tissues. With diethylni
trosamine, however, hamster lung tissue had a greater ca
pacity to produce CO2 than did the liver. Furthermore, a
marked difference was observed between the metabolism of
DMN and diethylnitrosamine in the respiratory tract of
hamsters, the CO2 production being 40 times higher with
the latter nitrosamine. Tumors of the liver in hamsters are
induced by diethylnitrosamine or DMN, whereas only di
ethylnitrosamine is effective in inducing respiratory tract
tumors (8, 9, 21, 26, 27, 33, 34). Respiratory tract tumors
induced by diethylnitrosamine in hamsters are localized
mainly in the trachea and to a lesser extent in the bronchi
or lung parenchyma. Although the site of tumor initiation
and progression to a gross neoplasm depends on multiple
factors, the rate of â€˜4CO2production in vitro from lung,
liver, and small intestine tissue in hamsters and rats (Table
3) supports the idea that the localization of tumors in the
species and organs studied following exposure to the 2
nitrosamines in vivo is largely determined by the ability of
the target tissue to metabolize the carcinogens.

In order to examine whether the relationship between the
site of metabolic activation and organ distribution of
tumors by DMN and diethylnitrosamine in these 2 species is
also reflected by the formation of mutagenic metabolites,
the M F was determined with an in vitro assay using the TA
1530 strain, fortified postmitochondrial fractions of lung
and liver of rat or hamster, and the nitrosamines. The high
reactivity and short half-life of the carcinogenic or muta
genic metabolites of DMN and diethylnitrosamine (28)
suggest that the reactive intermediates are formed in situ
and might not be transported in detectable amounts to
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remote tissues. With optimal cofactor concentration and
various tissue fractions from rats, hamsters, and mice, a
mutagenic response by DMN and diethylnitrosamine could
be detected only in the livers, whereas all assays containing
lung preparations of the species studied showed no differ
ences from controls, where either the nitrosamines â€¢or
cofactors were omitted. Similar findings were observed
when the 9000 x g supernatants of lung from phenobarbi
tone-pretreated animals were used. In hamsters, the low
mutagenic activity of diethylnitrosamine with the 9000 x g
lung supernatant when compared to that observed with liver
supernatant does not parallel the findings on CO2 produc
tion or carcinogenicity by diethylnitrosamine in these
organs. These data may suggest that for diethylnitrosamine
a different mode and/or rate of metabolic activation in the
respiratory tract exists compared to that in the liver.

Various drugs are known to modulate the biological
effect of nitrosamines, apparently by modifying the activity
of the microsomal mixed-function oxidase. We examined
the effect of these drugs on the mutagenicity of DMN and
diethylnitrosamine in order to see whether the resulting
changesparalleled the alteration of the toxicity andcarcino
genicity of these 2 nitrosamines. The administration of
inducers of drug-metabolizing enzymes (i.e., phenobarbi
tone) to rats, hamsters, and mice augmented the MF by
DMN or diethylnitrosamine with liver preparations com
pared to untreated controls (Tables 1and 2). The increase in
MF with DMN was 2-fold in all 3 species,whereas the
change in MF with diethylnitrosamine showed large differ
ences and was in the sequence rat > mouse > hamster. This
differential effect of phenobarbitone or of pregnenolone
l6a-carbonitrile and of amino-acetonitrile on dialkylni
trosamine metabolism and mutagenicity in vitro suggests
that different hepatic enzyme systems are involved in DMN
and diethylnitrosamine biotransformation (H. Bartsch, C.
Malaveille, and R. Montesano. Differential Effect of Phe
nobarbitone, Pregnenolone- l6-Carbonitrile and Aminoace
tonitrile on Dialkylnitrosamine Metabolism and Mutage
nicity in vitro. Chemico-Biological Interactions, in press,
1975).

The drastic increase of the mutagenic effect in vitro by
DMN or diethylnitrosamine with liver fractions from
pregnenolone-16a-carbonitrile- (H. Bartsch, C. Malaveille,
and R. Montesano. Differential Effect of Phenobarbitone,
Pregnenolone-l6-Carbonitrile and Aminoacetonitrile on
Dialkylnitrosamine Metabolism and Mutagenicity in vitro.
Chemico-Biologica! Interactions, in press, 1975), pheno
barbitone- (3) and 3-methylcholanthrene (10)-pretreated
animals greatly contrasts a reduced carcinogenicity and/or
toxicity of nitrosamines in vivo when enzyme inducers were
administered. Thus diethylnitrosamine hepatocarcinogenic
ity in mice has been shown to be inhibited by pretreatment
with 3-methylcholanthrene or phenobarbitone ( 13). In rats,
acute toxicity of diethylnitrosamine was reduced by pheno
barbitone, 3-methylcholanthrene, and DDT, while rat liver
diethylnitrosamine diethylase was enhanced (16). The in
fluence of enzyme inducers on DMN carcinogenesis in rats
has not yet been unequivocally demonstrated (10, 36, 37),
but the acute toxicity of DMN in the rat was decreased by

pregnenolone-l6a-carbonitrile (30). Conflicting results were
reported on the effect of inducers on liver DMN demethyl
ase. Pregnenolone- I6a-carbonitrile (30), 3-methylcholan
threne, and phenobarbitone (12, 36, 37) pretreatment
caused a repression and/or inhibition of this enzyme in rats,
whereas in mice the last 2 drugs caused an increase (3, 18).
Our results (Tables 1 and 2) demonstrated for both animal
species an increase in liver-mediated mutagenicity of DMN
when rats and mice were pretreated with phenobarbitone.
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