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C. Other relevant data
Chewing of betel quid with or without tobacco increased the frequencies of micronucleated cells in the buccal mucosa of chewers; dose-dependence was observed in relation
to the number ofbetel quids chewed per day. Chewing ofbetel quid with or without tobacco
increased the frequency of sister chromatid exchanges in peripheral blood lymphocytes of
chewers. Increased frequencies of sister chromatid exchanges were observed in peripheral
blood lymphocytes of chewers of areca nut with slaked lime and tobacco, either alone or

wrapped in betel leaf, particularly among chewers who had developed oral submucous
fibrosis. Extracts of urine from chewers of betel quid with tobacco were mutagenic to
Salmonella typhimurium in the presence of an exogenous metabolic system4.
An aqueous extract of betel quid (containing tobacco) induced micronuclei in bone-

marrow cells of mice treated in vivo and was mutagenic to Chinese hamster V79 cells. No
such effect was observed with extracts of betel quids not containing tobacco. Aqueous
extracts ofbetel quids (both with and without tobacco) were mutagenic to S. typhimurium4.
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N,N- BIS(2-eHLO R 0 ETHYL)- 2- N APHTHYLAMINE

(eHLORNAPHAZINE) (Group 1)
A. Evidence for carcinogenicity to humans (sufficient)
Among 61 patients with polycythaemia vera treated with chlornaphazine in 1954- i 962
the bladder, five developed
and followed until 1974, eight developed invasive carcinoma of

papilary carcinomas ofthe bladder and eight had abnormal urinary cytology. The invasive
carcinomas were seen in four offive patients treated with a cumulative dose of200 g or more,
in two of 15 patients given 100- 1 99 g, in one of ten patients given 50-99 g and in one of 3 1

patients given less than 50 g. No noncausal explanation can be suggested 1.

B. Evidence for carcinogenicity to animaIs (limited)
Chlornaphazine produced lung tumours in mice following its intraperitoneal injection,
and local sarcomas in rats after its subcutaneous administration2.
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c. Other relevant data

No data were available on the genetic and related effects of chlornaphazine in humans.
Rats administered chlornaphazine excreted metabolites of2-naphthylamine (see p. 261)
omal aberrations in Chinese hamster cells,
mutation in mouse Iymphoma cells and unscheduled DNA synthesis in rat hepatocytes in
vitro. A single study of cell transformation in virus-infected Syrian hamster embryo cells
omal
aberrations in Drosophila and was mutagenic to bacteria3.
in the urine. Chlornaphazine induced chromos

was inconclusive. It induced sex-linked recessive lethal mutations and chromos
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BIS(eHLOROMETHYL)ETHER AND eHLOROMETHYL METHYL
ETHER (TEeHNieAL-GRADE) (Group 1)
A. Evidence for carcinogenicity to humans (suffcient)
Numerous epidemiological studiesl-9 and case reportslO-13 from around the world have
demonstrated that workers exposed to chloromethyl methyl ether andj or bis(chloromethyl)ether have an increased risk for lung cancer. Among heavily exposed workers, the relative
risks are ten fold or more. Risks increase with duration and cumulative exposure.
Histological evaluation indicates that exposure results primarily in lung cancer of the

small-cell type8. Maximal relative risks appear to occur 15-20 years after first exposure6, and
latency is shortened among workers with heavier exposureS,I1.

B. Evidence for carcinogenicity to animais (sufficient)
Bis( chloromethyl)ether produced tumours at the site of its administration to mice after

exposure by inhalationl,14, skin applicationl or subcutaneous injectionl'Is and was an
initiator of mouse skin tumourslS; it also increased the incidence of lung tumours after its
subcutaneous administrationl. ln rats, it produced tumours of the respiratory tract (lung
tumours and nasal-cavity carcinoma) after exposure by inhalationI4,16-18.

Technical-grade chloromethyl methyl ether produced local sarcomas in mice after its
subcutaneous administration and was an initiator of mouse skin tumoursl; in rats and
hamsters, it produced a low incidence of tumours of the respiratory tract after exposure by
inhalatio n 1 9.

