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INTRODUCTION
Oxides of nitrogen are present in tobacco smoke (Haagen-Smit,
BrunAle and Rara, 1959; Bokhoven and Niessen, 1961). Similarly, the
presence of secondary amines such as nornicotine and anabasine (Quinn,
1959) has been demonstrated. Particularly in the more acid conditions
of cigarette smoke as opposed to cigar or pipe smoke, the oxides of
nitrogen are likely to react with amines to form nitrosamines. Thus
nitrosamines such as nitrosoanabasine(I) nnd nitrosonornicotine(II) may
be formed. These compounds are closely related to carcinogenic nitrosamines such as nitrosopiperidine(III) and nitroaornethylaniline(IV).
Indeed nitrosoanabsine is N-nitroso-2-(2 I pyridyl) piperidine. Nitroso
piperidine and nitrosomethylaniline are amongst the wide variety of
nitrosamines shown to be carcinogenic by Druckrey, Preussmann, Schmahl
ti
and Muller( 1961, 1962).
The work presented here is of two kinds: firstly, tests of
nitrosoanabasine and nitrosonornicotine for carcinogenicity in laboratory
animals, and secondly , attempts to detect these two substances in
tobacco smoke. Details of part of the work have been published elsewhere (Boyland Roe, Gorrod and Mitchley, 1964; Boyland, Roe and Gorrod,
1964), however, the induction of liver as well as lung tumours in mice
by nitrosonornicotine has not previously been reported.
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INDUCTION OF OESOPHAGEAL TUMOUR6 ID RATS BY NITROSOANABASINE
Nitrosoanabasine, a viscous oil, was synthesised by treatment
of anabasine with sodium nitrite in dilute Ilydrochloric acid solution
and purified by distillation under reduced pressure. Sixteen male and
sixteen female albino rats of the Chester Beatty strain were Given
nitrosoanabasine at a concentration of 0.2 per cent in the drinking water
on six days of each week from the age of

7 weeks. Treatment was

continued throughout life. The rats were housed eight animals of the
same sex per cage and were examined regular
3,y. Sick animals were killed
and subjected to thorough post mortem exnmination.
Groups of 16 male and 16 female rats were similar treated
with (a) nitrosopiperidine, (b) nitrosoanabasine, (c) left untreated as
controls. Rats of each sex were randomiped between the four treatment
groups at the beginning of the experiment.
Thirteen out of the 16 males and 12 of the 16 fmales treated
with nitrosoanabasine developed squamous tumours of the oesophagus.
In four of the males and one of the females malignant tumours were
present. Animals with large and multiple oesophageal tumours lost
weight and became sick. Otherwise, the presence of oesophageal tumours
was not recognised until autopsy was undertaken. Two animals Which
died before the end of the 10th month of the experiment had no oesophageal
tumours. Only

3 out of 13 rats which died between the 10th and 15th

month had no tumour of the oesco-lagus, and none which died after 15 months
was without such tumours.
By comparison, no oesophageal tumours were seen in the untreated
controls. All but two of the rats treated with nitrosomethylaniline
also developed oeso,h n geal tumours. In this case the induction period
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appeared to be shorter and the incidence of malignant lesions higher.
Thus, 11 cases of malignant oesophageal tumours had been seen in the
nitrosomethylaniline treated rats before the first malignant tumour
attributable to nitrosoanabasine was seen. Alto gether, 12 of the 16
males and 8 of the 16 females treated with nitro3orotIy1ani1ine
developed malignant oesophageal tumours.
The carcinogenic activity of nitrosopiperidine was even more
striking. Between the 5th and 10th month of treatment all the animals
died, 26 with oesophageal tumours (16 mall , att) and 23 with liver
tumours (10 malignant). Only 2 rats, one of each sex, died without
either a liver tumour or an oesophageal tumour.
A curious feature with all three compounds was the almost
complete absence of lesions in the forestomach epithelium. Even in
animals with multiple oesophageal tumours the forestomach epithelium
appeared more or less normal. Isolated papillomas were seen in the
forestomach of 4 rats and multiple pa pillomas in I rat of the group
treated with nitrosomethylaniline. Otherwise, apart from slight
epithelial hyperplasia, no changes were observed.
Figures 1 and 2 illustrate seine of the oesophageal tumours
and Table I shows the incidence of neoplasms. With the exception of
the adenocarcinoma of the salivary gland the tumours shown in the final
column of Table I are not attributable to treatment, since such tumours
arise fairly commonly in untreated rats of the same strain.
It was concluded from these results that nitrosoanabasine
administered in the drinking water is carcinogenic for the oesophagus
of the rat, but less potent in this respect than nitrosopiperidine
or nitrosomethylaniline.

INDUCTION OF TUMOURS OF LUNG AND LIVER IN MICE BY N1TROSONORNICOTINE
Nitrosonornicotine, like nitrosoallabasine, is a viscous oil.
It was prepared by treating nornicotine with sodium nitrite in dilute
hydrochloric acid solution, and purified by distillation under reduced
pressure.
Twenty male and 20 female six-week old mice of the Chester
Beatty Stock strain were injected intraperitoneallI with 0.1 ml. 2 per
cent nitrosonornicotine dissolved in arachis oil. Injections were
repeated once-weekly for 41 weeks. Fifteen comparable mice of each
sex were injected with arachis oil only as a control. Mice of each sex
were randomized between test and control groups at the start of the
experiment. In the test group 14 males and 11 females died during
the first 7 months of treatment. Twenty of these 2, animals were
examined at autopsy and none had tumours. Of 6 males and 9 females
which died or were killed between the 7th and 12th months of the
experiment, all, with the possible exception of one which could not
be examined post mortem because of decomposition, had multiple pulmonary
tumours. Some of the tumors were malignant, as judged by invasion
of surrounding lung tissue and intrapulmonary metastasis (see Fig. 3.).
No extra pulmonary metastases were seen. In addition, 4 of the males
ymal-cell tumours
and 2 of the females had benign or malignant parench
of the liver. Of the control group 12 males and 12 females died
without tumours at any site before the eighth month, The remaining
6 animals were killed during the eleventh month; one of these had a
solitary small pulmonary adenoma, bgt none of the others had any tumours.
It was concluded that nitrosonornicotine is carcinogenic
both for the lung and for the liver of mice.
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DETECTION OF NITRO:MR=3 IN TOBACCO SMOKE

Attempts have been made to detect nitrosoanabasine and
nitrosonornicotine in tobacco smoke. Both can be detected on either
paper chromatograms or on thin-layer chromatograms. They can be
reduced with zinc and acetic acid to hydrazine derivatives, which give
colours with dimethylaminocinnamaide de. These nitrosamines also
react with an acidic solution of 2-(N4enzylonilinemethy1)imidazo1ine
(Antistin) to give yellow colours after 20 minutes which gradually
change to green-blue during

24

hours.

A more sensitive test in which

the

nitrosamines are decomposed

in the presence of 27chloraniline-producing a diazonium compound which
is then coupled with N-(1-naphthy1)ethylenediar4ne - has also been
developed.
All these methods have been used in attempts to detect these
substances in tobacco smoke, but so far without success. Other
constituents of the smoke appear to interfere with the reactions, for
even when nitrosoanabasine was injected into cigarettes before smoking,
none was detected in the smoke. Moreover, nitrosoanaba8ine added to
smoke condensate cannot be detected by these methods. Attempts to
overcome these difficulties in detecting small amounts of nitrosoanabasino
and other nitrosamines in cigarette smoke and being continued in the
light of the positive results obtained in the biological experiments.

DISCUSSION
Nitrosoanabasine and nitrosonornic tone are but two examples
of nitrosamines which could, theoretically, be produced in cigarette
smoke during pyrolysis. Many other amines have been detected in
tobacco smoke including dimethylamine, diethylamine, pyrollidine,
piperidine and proline. The nitroso derivatives of all of these
except proline have been shown to be carcinogenic by Druckrey et al
(1962). In view of the potency of this class of carcinogen it is
important to ascertain as soon as possible whether substances of this
type are indeed present in tobacco smoke. Neuratti, Pirmann and
Wichern (1$6) have recently described an analytical method involving
the transformation of N-nitroso-compounds into more stable 5.,aitro-2hydrogy-benzal derivatives. It will be interesting to

see

whether

nitrosamines can be detected in tobacco smoke by this method.
It cannot be assumed that the whole of the carcinogenicity
of tobacco smoke could be explained by the production of nitrosamines
during pyrolysis. Unburnt tobacco is manifestly carcinogenic both
for man and experimental animals (see Roe and Walters, 1965, for review),
whilst both experimental evidence and evidence from epidemiological
studies on ex-smokers suggest that constituents with tumour-promoting

rather than fully carcinogenic activity may play a significant role
(Roe, Salaman, Cohen and Burgan, 1959; Roe, 1962; Doll and Hill, 1964).

,
SWAM*
Nitrosamines such as nitrosoanabasine and nitroeonornicotine
max be formed in tobacco smoke by a reaction between oxides
of nitrogen and secondary amines.

2.

Nitrosoanabasine has induced benign and malignant oesophageal
tumours when administered to rats over a prolonged period
in the drinking water.

3.

Nitrosonornicotine induced multiple pulmonary adenomas and
multiple hepatom,,s in mice when administered by repeated
intraperitoneal injection in arachis oil.
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Attempts to detect either of these nitrosamines in cigarette
smoke have been unsuccessful, possibly because of interference
by other constituents of the smoke.
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Legends

Fig. 1. Bisected stomach and oesophagus from rat given 0.2 per cent
nitrosopiperidine in drinking water for six months.
Multiple papillomata are present in the oesophagus.

Fig. 2. Squamous carcinoma invading the muscular wall of the
oesophagus from a rat given 0.2 per cent nitrosoanabasine
in the drinking water for 1 months. H. and E. X255.

Fig. 3. Lung from mouse given 41 intraperitoneal injections of
0.1 ml 2 per cent nitrosonornicotine in arachis oil.
This animal died after 12 months and had multiple adenomatous
tumours of the lung. The large tumour shown here is
extending into bronchi and there are several small metastases
from its together with a second primary adenoma in the
remainder of the lung. H. and E. X8
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