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C. Other relevant data
An increased incidence of micronuclei was observed in exfoliated epithelial cells from

chewers of khaini and nass. Saliva collected from chewers of Indian tobacco induced
chromosomal aberrations in Chinese hamster ovary cells in vitr05.

Ethanol extracts of Indian chewing tobacco induced micronuclei in bone-marrow cells
of Swiss mice treated in vivo and were mutagenic to Chinese hamster V79 cells in vitro, both
in the presence and absence of an exogenous metabolic system, and to Salmonella ty-
phimurium. Both ethanol and ethyl acetate extracts of Sri Lankan chewing tobacco induced
transformation of Syrian hamster embryo cells. Ethyl acetate extracts induced sister
chromatid ex changes in cultured human cells, but not mutation in Chinese hamster V79
cells when tested in the absence of an exogenous metabolic system5.

Aqueous extracts of nass and khaini induced chromos omal aberrations in Chinese
hamster ovary cells. Powdered tobacco fed to larvae of Drosophila did not induce sex-
linked recessive lethal mutations, autosomal translocations or sex-chromosome loss5.

Chloroform extracts of shammah induced transformation in mouse C3H lOTI j 2 cells.
The same extracts also induced aberrant colonies and gene conversion in yeast and were
mutagenic to S. typhimurium, both in the presence and absence of an exogenous metabolic
system5.

Extracts of North American oral snuff (at pH 3.0) and extracts of North American
chewing tobacco treated with sodium nitrite under acidic conditions were mutagenic to
S. typhimurium in the presence and absence of a metabolic system. Organic solvent extracts
of snuff induced a dose-related increase in the frequency of sis ter chromatid exchanges in
human peripherallymphocytes in vitro in the absence of a metabolic system5.
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TOBAeeo SMOKE (Group 1)

A. Evidence for carcinogenicity to humans (sufficient)
Cigarette smoking has been shown to cause lung cancer, bladder cancer, cancer of the

renal pelvis (and possibly renal adenocarcinoma), cancer of the lip, and oropharyngeal,
hypopharyngeal, laryngeal, oesophageal and pancreatic cancers. ln some studies, increased
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risks of cancers of the stomach, liver and cervix have been noted, but the data were
inadequate to decide whether the association is causal or not. The risk for lung cancer due to
cigarette smoking is substantially increased in conjunction with exposure to radon
daughters or asbestos (see p. 106). An increase in the incidence of lung cancer also results
from smoking other forms of tobacco, i.e., pipe, cigars and bidis. Pipe and cigar smoking
probably increase the risk ofbladder cancer, but at lower levels than that caused by cigarette
smoking. They also increase the risks of oral, oropharyngeal, hypopharyngeal, laryngeal
and oesophageal cancers to approximately the same extent as cigarette smoking, and, as
with cigarette smoking, the risk is substantially augmented in conjunction with high-dose
exposure to alcoholl.

Tobacco smoke affects not only people who smoke but also those who are exposed to the
combustion products of other people's tobacco (passive smokers). The most numerous
observations hitherto available concern lung cancer, and the results of most ofthe 13 main
epidemiological studies2 carried out so far are compatible with either an increased risk from
passive smoking or an absence of risk. However, the aggregate evidence from these studies,
taken together with knowledge of the nature of sidestream and mainstream smoke, of the
mate rials absorbed during passive smoking and of the quantitative relationships between
dose and effect that are commonly observed after exposure to carcinogens, leads to the
conclusion that passive smoking does carry sorne risk for lung cancer.

B. Evidence for carcinogenicity to animaIs (sufficíent)

Cigarette smoke has been tested for carcinogenicity by inhalation in mice, rats, hamsters
and dogs. Exposure of hamsters and rats to whole smoke produced malignant respiratory-
tract tumoursl. ln mice, inhalation of whole tobacco smoke resulted in a slightly increased
incidence of alveologenic lung tumours, but this was not statistically significant in some of
the studiesl,3. An increased incidence of lung tumours has also been reported in dogs
exposed to cigarette smoke, but the data were insufficient for evaluation. More tumours of
the respiratory tract occurred in rodents exposed to both cigarette smoke and 7,1 2-dimethyl-
benz(a)anthracene than to either one alone; the same is true for concomitant exposure to
benzo(a)pyrene or radon daughtersl.

Cigarette-smoke condensate induced benign and malignant skin tumours in mice and
rabbits after application to the skin. Following its topical administration to oral mucosa, it
resulted in an increased incidence of lung tumours and tumours of other organs, primarily
lymphomas, in one strain of mice. ln rats, cigarette-smoke condensate produced lung cancer
after intrapulmonary injection. ln two-stage mouse-skin assays, a single topical adminis-
tration of cigarette-smoke condensate induced changes resulting in benign and malignant
skin tumours after additional application of croton oil. Skin tumours were also produced
when cigarette-smoke condensate was applied chronically subsequent to a single treatment
with other agents, such as 7,1 2-dimethylbenz( a )anthracenel.

C. Other relevant data
Structural chromos omal aberrations, sister chromatid exchanges and micronuc1ei have

been observed in peripheral blood lymphocytes of tobacco smokers. Although in sorne
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studies there was no increase in the incidence of sis ter chromatid exchanges, in several others
a dose-response relationship was reported between the amount and duration of cigarette
smoking and the frequency of sister chromatid ex change. Long-term heavy smokers

generally also had higher frequencies of chromosomal aberrations In peripheral blood
lymphocytes. ln a large study, a significant dose-response relationship was found between
the frequency of structural chromosomal aberrations and the estimated daily uptake of
condensate. ln a single study, it was reported that DNA adducts associated with cigarette
smoke were detected in the bronchus of one smoker and in the larynx of another, but not in
the bronchus of a nonsmoker. ln another study, one of several DNA adducts detected in
16j 17 placentas from smokers and 3j 14 placentas from nonsmokers was claimed to be
related to maternaI smoking. Antigenicity against polycyc1ic aromatic hydrocarbon-DNA
adducts has been demonstrated in peripheral lymphocytes and lung samples from cigarette
smokers, although the occurrence of these adducts could not be correlated with cigarette
smokingt .

Extracts of urine from smokers induced chromosomal aberrations in Chinese hamster
ovary cells and were mutagenic to bacteria in the presence of an exogenous metabolic
system. Passive exposure to tobacco smoke has also been reported to increase urinary
mutagenicity. ln studies of amniotic fIuid samples from smoking and nonsmoking mothers,
more mutagenicity to Salmonella typhimurium was reported in samples taken at term from
heavy smokers as compared to nonsmokers, but not in samples taken at 16 weeks by
amniocentesis. One study of the mutagenicity of cervical mucus from smoking and non-
smoking women was difficult to interpret due to inadequate reporting4.

Tobacco smoke inhibited DNA repair capacity in mice and increased the frequency of
sister chromatid exchanges in bone-marrow cells of mice exposed in vivo and in human
lymphocytes in vitro; it also induced single-strand breaks in cultured human cells. It induced
sex-linked recessive lethal mutations in Drosophila and mitotic recombination, gene
conversion and mutation in yeast. The urine of rats and baboons exposed to cigarette smoke
was mutagenic to bacteria4.

Tobacco smoke and ex tracts of particulate matter collected on filters in rooms
containing cigarette smoke were mutagenic to bacteria. The ex tracts also induced sister
chromatid exchanges in cultured Chinese hamster ovary cells4.

Tobacco condensates induced mutation, sister chromatid exchanges and transfor-
mation in rodent cells in culture, sex-linked recessive lethal mutations in Drosophila and
mutation and gene conversion in fungi. Tobacco-smoke condensate inhibited intercellular
communication of Chinese hamster V79 cells. AlI tobacco-smoke condensates tested were
mutagenic to bacteria4.
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ortho-TOLUIDINE (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)

There are numerous studies of dyestuffs workers, dating back to the c1assical cohort
studies in 1954. Although an excess of bladder tumours has often been found in workers
exposed to varying combinations of dyestuffs and dyestuff intermediates, no population of
workers exposed to ortho-toluidine alone has been describedl. Occasional cases ofbladder
tumours have been reported in workers classified as being exposed primarily to ortho-
toluidine, but either insufficient data or insuffcient follow-up time have prevented a c1ear
association being made with the exposure. An excess of bladder tumours was noted in
workers exposed to toluene, ortho-nitrotoluene, ortho-toluidine and 4,4'-methylene bis(2-
methylaniline) (see p. 248) during the manufacture of new fuchsin ('new' magenta, see p.
238) and safranine TI,2.

B. Evidence for carcinogenicity to animaIs (sufficient)

ortho-Toluidine hydrochloride was tested for carcinogenicity in mice and rats by oral
administration, producing neoplasms at various sites in both species; in particular, vascular
tumours were induced, including tumours of the spleen and other abdominal haemangio-
sarcomasl,3. Following subcutaneous injection in a limited study in hamsters, no treatment-
related neoplasm was observed4. Experiments in rabbits and guinea-pigs by subcutaneous
administration were inadequate for evaluationl.

C. Other relevant data

No data were available on the genetie and related effects of ortho-toluidine in humans.

ortho-Toluidine did not induce micronuc1ei in miee treated in vivo; equivocal results
were obtained for sister chromatid exchanges in Chinese hamsters. It induced sister
chromatid exchanges, mutation and unscheduled DN A synthesis in human cells in vitro. It
induced transformation, aneuploidy and chromos omal aberrations in cultured rodent cells;
conflcting results were obtained for sister chromatid exchanges, mutation and DN A
damage. ortho-Toluidine caused somatic mutation in Drosophila. Conflcting results were
obtained for mutagenicity to yeast; it induced aneuploidy, but not mitotic recombination.
ortho- T oluidine was mutage nie to bacteria when larger amounts of an exogenous metabolic
system were used than in the standard assay5.
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