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Summary

Mutagenicity of 4 popular brands of smokeless tobaccos was studied using a S. typhimurium forward
mutation assay. Aqueous extracts of 4 brands and dichloromethane and methanol extracts of 1 of the 4
brands of smokeless tobacco’s did not induce significant mutagenicity either in the presence or absence of
metabolic activation. Aqueous and organic extracts were however mutagenic when treated with physiologi-
cal levels of sodium nitrite (0.25 mM) at acidic pH and without metabolic activation. The results indicate
that smokeless tobacco contain polar and non-polar chemicals which become mutagenic to S. typhimurium

under nitrosation conditions.

The habit of chewing smokeless tobacco is
world-wide and chewing tobacco has gained in-
creased popularity in the U.S.A. as a substitute for
cigarette smoking (IARC, 1985). The habit has
been causatively associated with cancer of the oral
cavity and pharynx (Christen, 1980). Three major
carcinogens have been identified in smokeless
tobacco, namely polonium 210, benzo[a]pyrene
and N-nitrosamines (Hoffmann, 1986). Of the 19
nitrosamines identified in smokeless tobacco, the
carcinogenic nitrosamines are N-nitrosonornico-
tine (NNN) and 1-(methylnitrosamino)-1-(3-pyri-
dyl)-1-butanone (NNK) (Hoffmann, 1981; Hecht
et al., 1986). Snuff contains 1.6-135 mg/kg of
NNN and 0.1-14 mg/kg of NNK. For compari-
son, U.S. foods and beverages may not contain
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more than 0.01 mg/kg of nitrosamines (Mac-
Mahon et al., 1988). Benzo[a]pyrene is present in
trace amounts (0.1-63 ppb) and concentration of
polonium 210 ranges from 0.16 to 1.22 pCi/g
(Hoffmann et al., 1986). Smokeless tobacco has
been reported to be carcinogenic (Hirsch et al.,
1981, 1984; Park et al., 1985) and mutagenic
(Whong et al., 1984, 1985, 1987; Tucker et al.,
1985; Paulson et al.,, 1989; Chen, 1989 Gutten-
plan, 1987). It was the aim of this study to ex-
amine the bacterial mutagenicity of popular brands
of smokeless tobacco under conditions of extrac-
tion similar to mastication in human saliva. Since
tobacco contains nitrosable susbtances (Hecht et
al., 1976) and saliva contains nitrite (Tannenbaum
et al., 1974), a known nitrosating agent (Mirvish,
1975), the effect of physiological levels of nitrite
(Bos et al., 1988; Granli et al., 1989; Tannenbaum
et al., 1974) on smokeless tobacco extracts under
neutral and acidic conditions (to simulate condi-
tions in mouth and stomach respectively) was
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examined. In fact smokeless tobacco extracts have
been shown to be mutagenic in the presence of
acid alone and acidic nitrite using the Ames test
and the increase in mutagenicity correlated with
the increase in the formation of N-nitroso com-
pounds (Whong et al., 1985, 1987). The concentra-
tion of nitrite used was much higher (0.22 M) than
the physiological range. In this work an attempt
has been made to study the effect of low con-
centration of nitrite (0.25 mM) on the mutagenic-
ity of smokeless tobacco extracts using a forward
mutation assay.

Materials and methods

Chemicals. 4 leading brands of American
smokeless tobacco were purchased from the local
supermarket. Sodium nitrite was purchased from
Calbiochem-Behring Corp. (La Jolla, CA).

Extraction. Aqueous extracts of smokeless
tobacco were prepared by mixing 35 g of tobacco
with three times its weight of double distilled
water, shaking it overnight at room temperature
and filtering the extract under vacuum. Organic
extracts were prepared by extracting 35 g of
tobacco with 500 ml of dichloromethane (DCM)
and methanol (MeOH) seperately for 12 h in a
Soxhlet apparatus. The organic extracts were con-
centrated to 50 ml using a Kuderna Danish
evaporator.

Weight of solids in aqueous and organic extracts
of smokeless tobacco. Samples of extracts (0.1 ml)
were applied to pre-weighed planchets and al-
lowed to dry in vacuum dessicator overnight. The
weight of residual dark brown powder was de-
termined on a micro balance. A range of 40-45
mg and 350 mg ‘solids’/ml extract was found for
aqueous and organic extracts respectively. Organic
extracts were exchanged with equal volume of
dimethyl sulphoxide under nitrogen. All extracts
were stored at —70°C.

Nitrite treatment. 10 ml aqueous and organic
extracts of tobacco were reacted with 1 m! of a 2.0
mM solution of sodium nitrite. The extracts origi-
nally contained 0.05 mM nitrite which was de-

termined using Greiss reagent test (data not
shown). The final nitrite concentration of the ex-
tracts was therefore 0.25 mM. The extracts (origi-
nal pH 7.0) were adjusted to pH 3.0 with HCI (12
N). The control tobacco extracts and nitrite solu-
tions were also adjusted to appropriate pH under
the same conditions. All extracts were incubated
at 37 °C for 2 h in dark before testing for
mutagenicity.

Mutation assay. Mutagenic activity was tested
using the S. typhimurium TM677 forward muta-
tion assay (Skopek et al., 1978) with and without
postmitochondrial supernatant (PMS) from Aroc-
lor-induced rats (Moltox). This system scores mu-
tations that render the bacterial cells resistant to
8-azaguanine. 0.2 ml and 10 pl of appropriate
dilutions of aqueous and organic extracts of
smokeless tobacco respectively were incubated in
1 ml of liquid medium containing 10 exponentially
growing S. typhimurium TM677 cell, exposed for 2
h at 37°C, diluted and plated on selective media
containing 8-azaguanine and further diluted and
plated on non-selective media in order to measure
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Fig. 1. Mutagenicity of aqueous extracts (Brand A a 4; Brand
B @ 0O) treated with (a a) and without (A O) nitrite at pH 3.0
and in the absence of metabolic activation. The results are
mean of 4 replicates+ SD. The dashed line is the 95% upper
confidence limit for historical negative control.
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Fig. 2. Mutagenicity of agueous extracts (Brands CBO; D a

A) treated with (B a) and without (O a) nitrite at pH 3.0 and

without metabolic activation. The results are mean of 4 repli-

cates + SD. The dashed line is the 95% upper confidence limit
for historical negative control.
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Fig. 3. Mutagenicity of aqueous extracts (Brands: A 4 o; B @

©) treated with (a @) and without (a O) nitrite at pH 3.0 and

with metabolic activation. The results are mean of 4 replicates

+ SD. The dashed line is the 95% upper confidence limit for
historical negative control.
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survival following treatment. After a 40-h incuba-
tion at 37°C the plates were counted and muta-
tion frequency was determined by dividing the
number of colonies on selective media by the
number of colonies on non-selective media and
correcting for the dilution between selective and
non-selective plates. The concentration was ex-
pressed as mg extractable tobacco solids/ml of
liquid medium containing 10* bacterial cells in the
presence and absence of metabolic activation. Sig-
nificant mutagenic activity was judged to be pre-
sent in the extracts if treatment increased the
mutant fraction both above the concurrent con-
trols and above the laboratory historical 95% up-
per confidence limit for untreated controls.

Results

Figs. 1 and 2 summarize the results with the 4
sample extracts tested with or without nitrite
treatment and in the absence of PMS. Without
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Fig. 4. Mutagenicity of aqueous extracts (Brands: CH 3; D A

A) treated with (B A) and without (O A) nitrite at pH 3.0 and

with metabolic activation. The results are mean of 4 replicates

+ SD. The dashed line is the 95% confidence limit for histori-
cal negative control.
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nitrite treatment extracts of brands A, C and D
were markedly toxic at 3.0 mg/ml. Extract B did
not show any toxicity. None of the extracts how-
ever, induced significant mutagenicity without
nitrite treatment at acidic pH. Treatment of the
extracts with nitrite under acidic conditions al-
tered the bacterial toxicity of extracts B and D,
but not of extracts A and C; increasing the toxic-
ity of extract of brand B and decreasing the toxic-
ity of extract of brand D. Mutagenicity of all 4
extracts was markedly increased by acidic nitrite
treatment so that all extracts displayed significant
mutagenicity at or above 1.5 mg/ml.

Figs. 3 and 4 show that the toxicity and muta-

100 ]
80 - =

60 — —
40 - .

20 —

Relative Survival (%)

Mutant Fraction x 105

0.5 1.0 1.5 2.0
Tobacco Extract {(mg/ml)

Fig. 5. Mutagenicity of DCM extract (a &) and MeOH extract

(® ©) treated with (o @) and without (a ©O) nitrite at pH 3.0

and without metabolic activation. The results are mean of 4

replicates + SD. The dashed line is the 95% upper confidence
limit for historical negative control.

genicity of each of the extracts treated with acidic
nitrite is eliminated when tested in the presence of
PMS.

Fig. 5 shows that extraction of the tobaccos
brand B with dichloromethane to obtain nonpolar
components or with methanol to obtain polar
organic compounds produces samples which are
neither toxic nor mutagenic when treated without
PMS at acidic pH. Treatment of either extract
with acid nitrite solution produced samples which
were markedly toxic and mutagenic only in the
absence of PMS.

Discussion

This study indicates that smokeless tobacco
extracts contain bacterial mutagens which are
probably precursors of N-nitroso compounds.
Aqueous and organic extracts were mutagenic only
in the presence of acidic—nitrite (0.25 mM) (Figs.
1 and 2). These results are in agreement with the
findings of Whong et al. (1985) who found
acidic—nitrite mediated mutagenicity of aqueous
and organic extracts of smokeless tobacco using
the Ames test. They also found that this muta-
genic effect was pH-dependent (highest at pH
2.0). However, the concentration of nitrite used by
Whong et al. was much higher than the physio-
logical level (Bos et al., 1988; Granli et al., 1989;
Tannenbaum et al., 1974) and it was felt necessary
in this work to test the effect of physiological
levels of nitrite.

It is interesting to note that presence of nitrite
had different effects on the toxicity of smokeless
tobacco extracts; while nitrite treatment at acidic
pH did not alter the toxicity of aqueous brands C
and A, it decreased the toxicity significantly for
brand D and increased the toxicity significantly of
brand B (Figs. 1 and 2).

The significant mutagenicity of the extracts at
acidic pH and not at neutral pH (data not shown)
when treated with nitrite is probably due to rapid
nitrosation at acidic pH than at neutral pH
(Mirvish, 1975). Formation of N-nitroso com-
pounds in the neutral environment of the mouth
has been found in betelnut chewers (Nair, 1985)
and snuff dippers (Brunnemann et al., 1987). The
absence of mutagenicity of the extracts in the
presence of acid alone is in contrast with the



results of Whong et al. (1987). They attributed the
acid-mediated mutagenicity of the tobacco ex-
tracts to the presence of nitrite in the snuff which
is formed by reduction of nitrate by bacteria (both
of which are present in the snuff) to nitrite. The
concentration of nitrite found in snuff extracts
was 1.9-5.4 mg/g of snuff. In the present study
the concentration of nitrite found in the aqueous
extracts was 0.09 mg/g snuff as determined by the
Greiss reagent test (data not shown). The low
concentration of nitrite may be responsible for the
lack of acid-mediated mutagenicity of the extracts
in the present study. The drastic-reduction of
mutagenicity in the presence of PMS may be due
to detoxification of the active compound(s) by the
microsomal enzymes or due to non-specific reac-
tion of active intermediates with proteins in the
PMS. Whong et al. (1985) however, found that the
presence of S9 did not alter the acidic-nitrite
mediated mutagenicity. The present assay involves
a liquid preincubation step before the cells are
plated. During the preincubation step, the bacteria
are exposed to higher concentrations of the test
chemical, PMS, and cofactors than exist at any
time during the standard plate assay (Prival et al.,
1979). This concentration effect may facilitate the
inactivation of the mutagenic compound(s) dis-
cussed.

Mutagenicity of dichloromethane and methanol
extracts in the presence of acidic-nitrite treatment
indicates that both non-polar and polar com-
pounds are involved and these results are in agree-
ment with the results of Whong et al. (1985).

The present study indicates that aqueous ex-
tracts of smokeless tobacco contain precursor(s) of
N-nitroso compound(s) which do not require
metabolic activation and that both polar and
non-polar precursors are involved. These results
confirm the findings of Whong et al. (1987) who
also found that the concentration of nitroso com-
pounds in snuff extracts correlated with the muta-
genic activity and that this activity could be in-
hibited by vitamin C treatment.

Tobacco is a complex mixture and more than
2550 compounds have been identified in this mix-
ture (IARC, 1985). Polyphenols, amines and
amides and are among the many compounds pre-
sent in smokeless tobacco.

Amines can be nitrosated under acidic condi-
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tions to give nitrosamines (Mirvish, 1975) and
mutagenic nitrosamines have been isolated from
snuff (Hoffmann et al., 1976). It is unlikely that
the N-nitroso compound(s) is one of the tobacco
specific nitrosamines since they require metabolic
activation to mutagenic form (Hoffmann, 1985).
Among the aromatic amine present in tobacco is
tyramine (IARC, 1985). 3-Diazotyramine, a reac-
tion product of tyramine with acidic-nitrite, has
been identified as a compound responsible for the
cytochrome P450 independent mutagenicity of soy
sauce; it has also been reported to induce tumors
of the oral cavity in rats fed with a solution of the
compound in drinking water (Fujita et al., 1987).

Secondary amides present in smokeless tobacco
can give rise to N-nitrosamides but have not been
detected as yet in smokeless tobacco (IARC, 1985)
and that N-nitrosamides may also be formed in
human stomach (Mirvish, 1975). N-nitrosamide,
N-methyl-N “-nitro-N-nitrosoguanidine (MNNG)
which 1s mutagenic in the absence of metabolic
activation produced adenocarcinoma of glandular
stomach that resembled human gastric cancer
(Sugimura et al., 1967). In a recent study a num-
ber of polyphenols treated with acidic-nitrite, ex-
hibited genotoxicity in the absence of metabolic
activation using SOS chromotest (Oshima et al.,
1989).

It thus appears that the smokeless tobacco ex-
tracts contain a number of precursors for the
formation of N-nitroso compounds which are
mutagenic in the absence of metabolic activation.
These findings are very important to smokeless
tobacco chewers since smokeless tobacco com-
pounds can react with salivary nitrites and form
mutagenic compounds in the acidic environment
of the stomach and possibly in the neutral en-
vironment of the mouth. Of course S. typhimurium
may be a poor predictor of human cell responses
to this complex nitrosated mixture. Experiments
using human cell mutation assay directly are in
progress.

Acknowledgements

This work has been supported by National
Institute for Dental Research, New Investigator
Research Award. Grant number OBM-1 5 R33



42

DEO7796-04. 1 would like to thank Prof W.G.
Thilly for useful discussions during this study.

References

Bos, P.M., P.A. Van den Brandt, M. Wede! and Th. Ockhuizen
(1988) Reproducibility of conversion of nitrate to nitrite in
human saliva after nitrate load, Fd. Chem. Toxicol., 26,
93-97.

Brunnemann, K., A.P. Hornby and H.F. Stich (1987) Tobacco
specific nitrosamines in saliva of Inuit snuff dippers in the
Northwest territory of Canada, Cancer Lett., 37, 7-16.

Chen, S.Y. (1989) Effect of smokeless tobacco on buccal
mucosa of HMT rats, J. Oral Pathol., 18, 108-112.

Christen, A.G. (1980) The case against smokeless tobacco: Five
facts for health professionals to consider, J. Am. Dent.
Assoc., 101, 461-469.

Fujita, Y., K. Wakabayashi, S. Takayama, M. Nagao and T.
Sugimura (1987) Induction of oral cavity cancer by 3-di-
azotyramine, a nitrosated product of tyramine present in
foods, Carcinogenesis, 8, 527-529.

Granli, T., R. Dahl, P. Brodin and O.C. Bockman (1989)
Nitrate and nitrite concentrations in human saliva: varia-
tion with salivary flow-rate, Fd. Chem. Toxicol., 10, 675-
680.

Guttenplan, J.B. (1987) Mutagenic activity of smokeless
tobacco products in USA, Carcinogenesis, 8, 741-743.
Hecht, S.S., C.B. Chen, N. Hirota, R.M. Ornaf, T.C. Tso and

D. Hoffmann (1978) Tobacco specific nitrosamines: For-
mation from nicotine in vitro during tobacco curing and
carcinogenicity in strain A mice, J. Natl. Cancer Inst., 60,

819-824.

Hecht, S.S., A. Rivenson, J. Branby, J. DiBello, J.D. Adams
and D. Hoffmann (1986) Induction of oral cavity tumors in
F334 rats by tobacco specific nitrosamines and snuff,
Cancer Res., 46, 4162-4166.

Hirsch, J.M., and H. Thilander (1981) Snuff induced lesions of
oral mucosa — an experimental model in rat, J. Oral
Pathol., 10, 342-353.

Hirsch, J.M., S.L. Johansson and A. Vahlne (1984) Effect of
snuff and Herpes simplex virus on rat oral mucosa: possi-
ble association with the development of squamous cell
carcinoma, J. Oral Pathol., 3, 52-62.

Hoffmann, D. (1981) Carcinogenic tobacco specific nitrosa-
mine in snuff and in saliva of snuff dippers, Cancer Res.,
41, 4305-4308.

Hoffmann, D. (1985) Nicotine derived N-nitrosamines and
tobacco related cancers: Current status and future direc-
tions, Cancer Res., 45, 935-944.

Hoffmann, D., K.D. Brunnemann, J.D. Adams and S.S. Hecht
(1986) Laboratory studies on snuff dipping and oral cancer,
The Can. J., 1, 10-13.

International Agency for Research on Cancer (1985) Tobacco
habits other than smoking; Betel quid and arecanut chew-
ing; and some related nitrosamines, Monogr., 37, 1-235.

MacMahon, B., M.F. Cataldo, M.E. Collier, R.J. Haggerty,
T.R. Holford, B.S. Hulka, J. Leff, D.H. Leverett, P.N.
Magee, S.S. Mirvish, C. Moore, J. M. Tanzier and T.L
Thompson (1988) National Institute of Health consensus
statement, Health implications of smokeless tobacco use,
Biomed. Pharmacother., 42, 93-98.

Mirvish, S.S. (1975) Formation of N-nitroso compounds:
Chemistry, Kinetics and in vivo occurrence, Toxicol. Appl.
Pharmacol., 31, 325-351.

Nair, J.H. Oshima, M. Freisen, A. Croisy, S.V. Bhide and H.
Bartsch (1985) Tobacco specific and betelnut specific N-
nitroso compounds: occurrence in saliva and urine of betel
quid chewers and formation in vitro by nitrosation of betel
quid, 6, 295~303.

Oshima, H., M. Freisen, C. Malaveille, 1. Bronco, A.
Hautefeuille and H. Bartsch (1989) Formation of direct
acting genotoxic substances in nitrosated smoked fish and
meat products: Identification of simple phenolic precursor
and phenyldiazonium jons as reactive products, Fd. Cosmet.
Toxicol., 27, 193-203.

Park, N.H,, E.G. Herbosa and J.P. Sapp (1985) Oral cancer
induced in hamsters with Herpes simplex infection com-
bined with simulated snuff dipping, Presented at 10th In-
ternational Herpes Virus Workshop. Ann Arbor, MI. Aug.
11-16, 297.

Paulson R., J. Shanfeld, L. Sachs and J. Paulson (1989) Effect
of smokeless tobacco on CD-1 mouse fetus, Teratology, 40,
480-494.

Prival, M.J., V.D. King and A.T. Sheldon Jr. (1979) The
mutagenicity of dialkylnitrosamines in Salmonella plate
assay, Environ. Mutagen., 1, 95-104.

Skopek, T.R., H.L. Liber, J.J. Krolewski and W.G. Thilly
(1978) Quantitative forward mutation assay in S. typhi-
murium using 8 azaguanine resistance as genetic marker,
Proc. Natl. Acad. Sci. (U.S.A)), 75, 110-114.

Sugimura T., and S. Fujimura (1967) Tumor production in
glandular stomach of rat by N-methyl-N "-nitro-nitroso-
guanidine. Nature (London), 216, 943-945.

Tannenbaum, S.R., A.J. Sinskey, M. Weisman and W. Bishop
(1974) Nitrite in human saliva, Its possible relationship in
nitrosamine formation, J. Natl. Cancer Inst., 53, 78-81.

Tucker, H.D., and T. Ong (1985) Induction of sister chromatid
exchanges by coal dust and smokeless tobacco in human
pripheral lymphocytes, Environ. Mutagen., 7, 313-324.

Whong, W.Z., R.G. Ames and T. Ong (1984) Mutagenicity of
tobacco snuff: Possible health implication for coal miners,
J. Toxicol. Environ. Health, 14, 491-496.

Whong, W.Z., J. Stewart and T. Ong (1985) Formation of
bacterial mutagens from reaction of chewing tobacco with
nitrite, Mutation Res., 158, 105-110.

Whong, W.Z., J.D. Stewart, Y.K. Yang and T. Ong (1987)
Acid mediated mutagenicity of tobacco snuff: its possible
mechanism, Mutation Res., 177, 241-246.



