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SUMMARY 

3,2’-Dimethyl-Caminobiphenyl and 3;2’-dimethyl-4-nitrosobiphenyl were 
administered by subcutaneous injection in peanut oil to 2 groups of 15 male 
and 15 female Syrian golden hamsters. The total dose of each compound 
was 5.6 mmol/kg. In the group treated with 3,2’-dimethyl-4aminobipheny1, 
24 animals had bladder tumors. In the group treated with 3,2’-dimethyl-4- 
nitrosobiphenyl25 animals had subcutaneous tumors and 2 had bladder 
tumors. These results indicate that 3,2’-dimethyl-4-nitrosobiphenyl is a 
potent locally acting carcinogen. Total doses of 99 mmol/kg of aniline, 
o-toluidine, nitrosobenzene, or o-nitrosotoluene administered by sub- 
cutaneous injection failed to induce tumors. 

INTRODUCTION 

3,2’-Dimethyl-Caminobiphenyl is a versatile carcinogen which induces 
bladder tumors in Syrian golden hamsters, tumors of the colon in male 
F344 rats, and mammary tumors in female F344 rats [3,8,14-171. N-Oxida- 
tion, an established metabolic pathway for this compound, is likely to be 
involved in its activation [13]. The potent mutagenicity of 3,2’-dimethyl-4- 
nitrosobiphenyl in SuZmonella typhimurium is in agreement with this 
hypothesis 151. These results prompted us to carry out a comparative study 
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of the carcinogenic activities of 3,_ _-____ “*. J-m “^““““&~*‘~.‘J - u-l.. V, 2’- 
dimethyl-4nitrosobiphenyl in Syrian golden hamsters. In a parallel assay, 
we tested the carcinogenicity in Syrian golden hamsters of the related 
single ring compounds aniline, o-toluidine, nitrosobenzene and o-nitroso- 
toluene. Aniline, o-toluidine and o-nitrosotoluene have previously been 
shown to induce tumors in rats [4,11,12,18]. 

MATERIALS AND METHODS 

32’.Dimethyl-4-aminobiphenyl, aniline, o-toluidine, nitrosobenzene and 
o-nitrosotoluene were obtained commercially and purified as previously 
described 151. 3,2’-Dimethyl-4-nitrosobiphenyl was synthesized from 3,2’- 
dimethyl-6aminobiphenyl as described [5]. All compounds were pure ac- 
cording to analysis by gas chromatography and thin-layer chromatography. 

Outbred, Syrian golden hamsters were obtained at age 6 weeks from 
Simonsen Laboratories, Gilroy, CA. At 8 weeks of age they were divided 
into 16 groups of 15 animals each. Odd numbered groups were males and 
even-numbered groups were females. In each case the vehicle was peanut 
oil and all administrations were by subcutaneous injection. The animals 
were treated as follows: groups 1 and 2, 37 weekly injections of 0.15 
mmol/kg of 3,2’-dimethyl-4-aminobiphenyl in peanut oil; groups 3 and 4, 37 
weekly injections of 0.15 mmol/kg of 3,2’-dimethyl-4-nitrosobiphenyl; groups 
5 and 6, 37 weekly injections of vehicle only; groups 7 and 8, 52 weekly 
injections of 1.9 mmol/kg of aniline oil; groups 9 and 10, 52 weekly in- 
jections of 1.9 mmol/kg of nitrosobenzene in peanut oil; groups 11 and 12, 
52 weekly injections of 1.9 mmol/kg of o-toluidine; groups 13 and 14, 52 
weekly injections of 1.9 mmobkg of o-nitrosotoluene; groups 15 and 16, 52 
weekly injections of vehicle only. After the injections were complete, ani- 
mals were observed until moribund. Animals were housed 3 to a cage and 
allowed free access to NIH-07 diet and water. Cages were solid bottom 
polycarbonate and contained hardwood chip bedding. Laboratories were 
maintained at 212 1°C and 50 + 10% relative humidity. Animals were kept 
on light-dark cycles of 12-h duration starting at 07:OO h. 

The experiment was terminated after 87 weeks. Upon necropsy, gross 
lesions and representative samples of all major organs were fixed in 10% 
buffered formalin and processed for microscopic evaluation. 

RESULTS 

Weights of control males increased from 110 g to 190 g in weeks 1-19, 
ranged from 190 g to 175 g in weeks 20-43, and from 175 g to 160 g in 
weeks 44-67. The corresponding values for control females were 110-210 g in 
weeks l-20 and 210-180 g in weeks 21-87. With the exception of the 
animals treated with 3,2’-dimethyl-4aminobiphenyl (groups 1 and 2) and 
aniline (groups 7 and 8), weights in treated groups were similar to controls. 
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Hamsters in group 1 reached a maximum mean weight of 160 g after 17 
experimental weeks and in group 2, 185 g after 15 weeks. Weights remained 
constant until 50 weeks and then declined. Animals in group 7 reached a 
maximum mean weight of 160 g after 20 experimental weeks and in group 
8, 170 g after 21 weeks. These weights were maintained throughout the 
experiment. 

Mean survival times were shorter in most of the treated groups than in 
controls. The survival data for the biphenyl derivatives are summarized in 
Table 1. Among the single ring compounds, mean survival times were as 
follows: aniline, 67.7 weeks (group 7) and 62.1 weeks (group 8); nitrosoben- 
zene, 60.8 weeks (group 9) and 52.5 weeks (group 10); o-toluidine, 61.3 
weeks (group 11) and 57.8 weeks (group 12); o-nitrosotoluene, 45.4 weeks 
(group 13) and 51.1 weeks (group 14); controls, 75.5 weeks (group 15) and 
68.7 weeks (group 16). 

Tumors in groups l-6 are summarized in Table 1. 3,2’-Dimethyl-4- 
aminobiphenyl induced bladder tumors in a high percentage of the animals. 
3,2’-Dimethyl-4-nitrosobiphenyl was a powerful subcutaneous carcinogen, 
producing tumors at the site of injection in 28 of the 30 treated animals. 
Two animals presented with bladder papillomas. The incidence of tumors in 
the groups treated with the single ring derivatives (groups 7-14) was not 
significantly different from that in control hamsters. 

DISCUSSION 

The results of this study clearly demonstrate that 3,2’-dimethyl-4- 
nitrosobiphenyl is a powerful locally acting carcinogen in the subcutaneous 
tissue of the Syrian golden hamster. A structurally related compound, 2- 
nitrosofluorene, induced local sarcomas as well as breast tumors upon sub- 
cutaneous injection in rats [lo]. The initiation of tumors by 3,2’-dimethyl-4- 
nitrosobiphenyl might be due to direct reaction with DNA or, as seems more 
likely, to reduction to the corresponding hydroxylamine with subsequent 
nitrenium ion formation. Nitrosoaromatics are known to undergo both non- 
enzymatic and enzymatic reduction to the corresponding hydroxylamines 
[1,6]. In contrast 3,2’-dimethyl-4-aminobiphenyl did not induce any sub- 
cutaneous tumors but rather gave a high yield of bladder tumors, as obser- 
ved in previous studies [3,15]. Apparently, 3,2’-dimethyl-4-aminobiphenyl is 
not extensively N-oxidized in the subcutaneous tissue of the hamster. 
However, its metabolites, including the N-glucuronide of N-hydroxy-3,2’- 
dimethyl-4-aminobiphenyl, are excreted to a significant extent in hamster 
urine 1131. This N-glucuronide can be deconjugated under the acidic con- 
ditions of hamster urine, giving rise to N-hydroxy-3,2’-dimethyl-4-amino- 
biphenyl l.131. Based on the results of the present bioassay, the latter would 
be expected to be carcinogenic to the bladder epithelium [71. 

In contrast to the potent tumorigenicity of the biphenyl derivatives, none 
of the single ring aromatic amines or C-nitroso compounds induced tumors 
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under our experimental conditions although they did affect survival rates. 
Both o-toluidine and o-nitrosotoluene are carcinogenic in the F-344 rat, 
when administered in the diet, albeit at higher doses than in the present 
study [4,12,18]. High levels of aniline in the diet have been shown to cause 
tumors of the spleen in F344 rats [ll]. Whether the present results are a 
reflection of the lower doses used, of the route of administration, or of a 
possible species difference requires further study. The lower activities of the 
single ring compounds than of the biphenyl derivatives are consistent with 
results of previous bioassays in rats and with mutagenicity data in S. 
typhimurium [2,5]. Two factors which could be responsible for their lower 
biological activities are lesser charge stabilization of a nitrenium ion con- 
jugated with a single ring system rather than with a biphenyl system 
and/or a lesser effect on miscoding of a single ring arylamine DNA adduct 
compared to a bulkier aminobiphenyl adduct [2,9]. 
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