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Abstract

The effective method to detect the mutagenicity of N-nitrosodimethylamine (NDMA) by using
Sulmonelin/microsome assay was studied. The effect of vitamin C on the mutagenicity of the
formed NDMA and during the formation of NDMA from nitrite and secondary amine was also
investigated. Aroclor 1254-induced hamster 59 mix was more effective in activation NDMA than
rat 89 mix induced by Avroclor 1254 or phencbarbital. Dimethyl sulfoxide and ethanol supp-
ressed the mutagenic effect of NDMA, however, phosphate buffer (pH 7.4), distilled water, 95%
methanol and Tween B0 + water (I : 4) were the appropriate dissolving system in the
mutagenicity test of NDMA. Vitamin C did not show any inhibitory effect on the mutagenicity of
the formed NDPMA. However, the revertants of Salmonella typhimurium TA100 were signifi-
cantly reduced { p< 0.05) when vitamin C was added to the reaction mixture of nitrite and
dimethylamine during the formation of NDMA. The amount of the formed NDMA was analyzed
using APLC and the level was decreased by about 95%. Thus it was concluded that vitamin C
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inhibited greatly the formation of NDMA from nitrite and dimethylamine.
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INTRODUCTION

Nitrogsodimethylamine (NDMA) was one of the
environmental carcinogen formed by the reaction
of nitrite with secondary amine of dimethylamine
under an endogenous acidic condition such as
stomach."? It is also produced during processing of
foods®,

NDMA is a indirect mutagen which requires liver
microsomal enzymes to activate to an ultimate
mutagen. Yahagi et al®. reported that NDMA was
mutagenic on Salmonclla yyphimusivm TA100 rather
than TASE and dimethyl sulfoxide (DMSO), which
iz the most widely used solvent in Salmonelia
mutagenicity test, inhibited the mutagenic effect of

T To whom all correspondence should be addressed

NDMA. Thus, it required finding alternative dis-
solving solvents for the mutagenicity test of ND-
MA.

Vitamin C is believed to suppress the formation of
carcinogenic N-nitroso compounds from nitrite and
amines in vive and in vitro™®. Guttenplan® reported
that vitamin C, which is the common form at phy-
siological pIl exhibited substantial nucleophilic
character and vitamin C, might protect aganist
electrophilic attack on cellular DNA by intercep-
tion of alkylation agents.

in this study, we develeped an appropriate 89 mix
and NDMA dissolving solvent for the mutagenicity
test of NDMA, which is difficult to activate in
normal rat liver microsomal enzyme system to
activate it and dissolving solventi of DMSO. The
effect of vitamin C on the mutagenicity of the



Mutagenicity of N-Nitrosodimethylamine in Safmonella/Microsome Assay 261

formed NDMA and during the formation of NDMA
from nitrite and dimethylamine was also eval-
uated.

MATERIALS AND METHODS

Bacterial strain

Salmonella typhimurium TALQO strain, a histidine-
requiring strain, wag kindly supplied by Dr. B. N.
Ames, University of California, Berkery, CA, USA,
The genotypes of the tester strain were confirmed
routinely for their histidine requirements, deep
rough (rfa) mutation, wwB mutation, and for the
presence of the R factor.

Chemicals

N-nitrosodimethylamine (NDMA) was purchased

from Sigma Chemical Co.(USA) and dissolved in
distilied water. L-ascorbic acid was obtained from
Hoffmann-La Roche, Nutley, NJ, USA. NaNo:
(Junsei Chemieal Co., Japan) and dimethylamine
HCI (Sigma Chemical Co, USA) were used for the
formation of NDMA in the model system.

Preparation of S9 fractions and 89 mixes

Sprague-Dawley male rats and Syrian golden
hamsters weighing appoximately 200z were used
as the source of livers to prepare S9 fractions. To
induce the rat or hamster liver enzymes, Aroclor
1254 dissolved in corn oil (500mg/kg of body wt.)
was injected intraperitioneally to each rat 5 days
before sacrifice, and phenobarbital was added to
the drinking water of the rats at the level of 1g /
Iiter for 7days and then the rats and hamsters
were sacrificed. Removed livers of the rats or
hamsters were minced in 0.05M KCI, homoge-
nized and centrifuged at 9000 X g and the superna-
tant (89 fraction) was saved and distributed in 2ml
portions in plastic Nune tubes, frozen quickly and
stored immediately at —80C until used. The S9
mix was prepared by using the S9 fraction dis-
cribed by Maron and Ames™.

Mutagenicity test

Preincubation test described by Matsushima et
al.* in which 0.5ml of 89 mix, 0.1ml of a test
strain from an overnight culture (1~2x 10° cells /
ml) and 0.1m! of test compound preincubated at 37

T for 30min were employed. 2ml of the top agar
kept at 45C were added and vortexed for 3 sec-
onds. The resulting entire mixture was poured on
the minimal agar plate. The plates were incubated
for 48 hrs at 37C and then revertant bacterial
colonies on each plate were counted.

Model system for the formation of NDMA

from nitrite and dimethylamine

For the formation of NDMA, the mixtures con-
taining 5ml NalNO: (1M, 2M, 8M and 16M), 2.5ml
dimethylamine hydrochloride (0.5M, 1M, 4M and
8M) and 25ml Sorensen's citrate I buffer were
adjusted to pH 3 and then made up to 50ml with
distilled water. The effect of vitamin C on the N-
nitrosamine production was tested in mixtures
containing 5ml of 4M NalNO. 2.5ml of 2M
dimethylamine hydrochloride, 25ml of Sorensen's
citrate I buffer, 5ml of 16M vitamin C and made up
to 50ml with distilled water. These reaction
mixtures were incubated in stoppered flasks at 37
‘¢ for 3hrs.

NDMA determination

NDMA formed after the reaction of nitrite with
dimethylamine was analyzed on HPLC (Waters,
USA) using # Bondapak™ Cis column with mobile
phase of distilled water and CH:.CN (95 : 5 cont-
aining 0.2% K:FPO.) at a flow rate of 1.5ml per
min. The effluents were monitored at 254nm.

Statistical analysis

Statistical analysis was performed by analysis of
variance. Significant differences between treatm-
ent means were determined by using Duncan's
multiple range test or Student's  test'.

RESULTS AND DISCUSSION

Since rat 89 mix, which was the most widely used
in Ames assay system, was ineffective to activate
NDMA {0 an ultimate mutagen in a preparatory
experiment, we performed experiments o detect
the effective liver S9 fraction to activate the
NDMA.

Aroclor 1254-induced, phencbarbital-induced rat
liver 59 fractions and Aroclor 1254-induced ham-
ster liver S9 fraction were prepared. As shown in
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Fig. 1. Effect of different 89 mixtures on N-nitroso-
dimethylamine (NDMA) mutagenicity in
Saimonella typhimurium TA160. (A) represe-
nis Aroclor 1254 induced, and(PB) means
phenocbarbital induced.

Fig. 1, phenobarbital-induced rat S9 mix was more
effective to detect the mutagenicity of NDMA than
Aroclor 1254-induced rat 88 mix. The revertant
numbers of the TAI00 were higher by almost 3
times in the presence of rat 89 mix induced by
phenobarbital than those induced by Aroclor 1254
when 1000y g of NDMA was added in the test
system. However, the most effactive 39 to activate
NDMA was the hamster 89 mix. Revert-ant
numbers were the highest when the hamster S9
mix was added to the NDMA mutagenicity system.
The revertants increased proportionally with
inerease of NDMA concentrations per plate.

These results were in agreement with the report™
which indicated that activation of NDMA required
the presence of both microsomal and cytosolic
fraction of liver and an inhibitor of NDMA acti-
vation was present m rat and mouse microsomes.
Yoo et al'®. reported the metabolic activation of
NDMA in microsomal activation system of hamster
and that rat liver was related to NDMA demethyl-
ase. These studies supported that hamster S8 mix
was more effective than rat 89 mix for the mutag-
enicity test of NDMA.

DMSQ, which is used in common as a dissolving
solvent of mutagens in the test, inhibited the
mutagenicity of NDMA. To find the appropriate
solvents for NDMA and other chemicals used with
in the Ames test, various dissolving solvents for
the mutagenicity of NDMA were evaluated. Fig. 2
shows that phosphate buffer (pH 7.4), distilled
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Fig. 2, Effect of differeni mutagen dissclving sys-
tem on the hamster 89 mix induced N-
nitrosodimethylamine (3000« g/piate) mut-
agenicity in Salmonelle typhimurium TALGQ,
The different leiters surmounted on the
bars are significantly different at the 0.85
level of significance as determined by Dun-
can's multiple range test.

water, 95% methanol and tween 80 +water (1: 43}
were appropriate to dissolve NDMA; however,
DMSO, DMSC + water (2 : 1) and 95% ethanol
suppressed the mutagenicity of NDMA, These
results are supported by the report™ that the
mutagenic activities of N-nitrosodialkylamine were
decreased by the addition of dimethyl sulfoxide,
dimethyl formamide, 95% ethanol or acetonitrile.
These organic solvents did not appear to exert
their influence by desmutagenic and antimutag-
enic actions, and the inhibitory effect is a result of
interference with the process of metabolic activat-
ion by liver §9.

The effect of vitamin C on the mutagenicity of
NDMA was studied by using the system developed
as above, As shown in Fig, 3, vitamin C &id not
inhibit the mutagenicity of NDMA although the
concentration of vitamin € increased up to 500xg
per plate in the system.

Table 1 shows that the amount of NDMA formed
after 3hrs in the model reaction system contained
various concentrations of nitrite and dimethyla-
mine at 37 and pH 3. Increased concentrations of
nitrite and dimethylamine in the reaction mixture
formed higher levels of NDMA. When 1.6M of
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Fig. 3. Effect of vitamin C on the mutagenicity of N-
nitrosodimethylamine (NDMA, 20004 g/plate)
in the presence of hamster S9 in Salmonella
typhimurium TA100, Vitamin C was dissolved
in distilled water (DW).

Table 1. The amount of N-nitrosedimethylamine
formed after reaction of nitrite with dime-
thylamine at pH 37C and 37 for 3hr

Reaction concentrations N-nitrosodimethylamine{ppm}
0.1M-NaNOz + 0.025M-dimethylamine 6174
0.2M-NaNOz + 0.05M-dimethylamine 2832.2
0.8M-NaNQ2 + 0,20M-dimethylamine 11897.7
1.6M-NaNQz + 0.40M-dimethylamine 22281.3

Table 2. Effects of vitamin C during formation of N-
nitrosodimethylamine from nitrite and
dimethylamine and their mutagenicity in
the presence of hamster 89 in Salmonella

typhimurium TA100

Treatment Revertants
NaNOQO:z + Dimethylamine 275+15
NaNQOg + Dimethylamine + Vitamin C = 123+ 19"
Spontaneous 12414

"The dissolving solvents for vitamin C was distilled water.
5ml of 2M NaNQg, 2.5ml of 1M dimethylamine HCI, 12.
5mi of Sorensen's citrate I buffer(pH 3.0) and 5ml of 8M
vitamin C were mixed and incubated for 3hr at 37. The
reactants were then used for the test.

The asterisk beside value is significantly different from
the control at the p<0.05 level.

NaNQ: and 0.4M of dimethylamine (the concen-
tration in reaction mixture) were reacted, 22280.3
ppm of NDMA was formed.

Table 2 shows the effects of vitamin C during the
formation of NDMA from nitrite and dimethyla-
mine and their mutagenicity in the presence of

A i
NO +DMA RO+ IMA+VITAMIN
8
w
2
2 2 3
.o &
@
w
KR eF
~ \
Retention timelmin} Retention time{mind J

Fig. 4. HPLC chrematograms of N-nitosodimethyl-

amine(NDMA) formed from nitrite and
dimethylamine(DMA) in the absence and
presence of vitamin C,
Panel A: NDMA formed from 0.8M NaNG:
and 0.2M dimethylamine during incubat-ion
at 37 °C, 3hr and pH 3. Panel B : NDMA for-
med from 0.8M NaNOz, 0.2M dimethylamine
and 0.4M vitamin C daring incubation at 37
., 8hr and pH 3.

hamster 89 in Salmonella fyphimurium TA100,
When vitamin C was present in the reaction
mixture containing nitrite and dimethylamine, the
mutagenicity of the mixture after reaction was
decreased significantly (p < 0.05) compared to the
reaction mixture without vitamin C. The revertant
numbers of the vitamin C added sample were
gimilar to those of the spontaneous.

The amounts of formed NDMA from nitrite and
dimethylamine during which vitamin C was absent
or present in the reaction mixtures was determ-
ined by HPLC. As shown in Fig. 4, vitamin C
inhibited by about 85% the formation of NDMA
from nitrite and dimethylamine.

From these results, it was concluded that vitamin
C did not suppress the mutagenicity of the formed
NDMA, but it inhibited the formation of NDMA
from nitrite and dimethylamine. Vitamin C was
reported to suppress the nitrosation of aminepy-
rine and the mutagenicity of fish treated nitrite.™
® Thus it can be suggested in which the presence
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of vitamin  in the system that there is a poss-
ibility of the formation of NDMA is very important
to decrease the level of NDMA, and this reduces
the incidence of stomach cancer which might caus-
ed by NDMA.

More studies are needed in detail using in vitro
and in vivo experiments to understand the role or
mode of action of vitamin C in the prevention of
the mutagenesis and carcinogenicity of WDMA.
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