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ABSTRACT; 
For 10 years, over 500 lung cancers have been induced in rats 

by inhalations of radon daughter products at various concentrations and 
cumulated doses. Considering several points am 1 the dose-effect relation
ship especially, such cancers can be compared with human cancers. This 
type of experiments, fullymastered, has made it possible to undertake 
under good conditions the study of the co-carcinogenic effect of various 
inhaled polluants such as tobacco smoke. 

In a first experiment, 100 rats were exposed to a 4000 WLM 
cumulated dose of radon daughter products, knowing that this level induces 
some 302 of lung cancers. 50 animals were then administered tobacco smoke 
by inhalation in a fume box during 5 months (350 h.) In the group inhaling 
radon only, 17 cancers appeared; in the radon-tobacco group 32 cancers 
bigger and more invasive were observed. 

Under the same conditftLpns, tobacco smoke was inhaled by rats 
previously exposed to lower doses of radon daughter products (2 groups of 
30 rats, 500 and 100 WLM respectively). Again, the number of cancers ob
served was higher that the number of cancers expected if the rats had 
inhaled radon only. 

The co-carcinogenic and potentiating action of tobacco was 
clearly demonstrated. Further experiments are considered in order to 
determine the processes involved. 
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INTR0DUCT10N: 
The carcinogenic activity of tobacco smoke is clearly demons

trated by human epidemiological data. However, clear experimental evidence 
of this action could never be brought until now. 

Indeed, many investigators, using tars as cutaneous or tracheo
bronchial applications or as tracheal or parietal injections, induced can
cerous lesions. On the other hand, with inhaled tobacco smoke, it was never 
possible to obtain a significant experimentalconfirmation,only benign le
sions of bronchial epithelium and lung parenchyma were observed (Chrétien et 
al.1973). This failure seems to be due essentially to the chemical toxici
ty of the components of tobacco smoke. The presence among them, in parti
cular, of carbon monoxide and nicotine does not allow to make the experi
mental animals inhale the total amount of smoke that would be required to 
induce lung cancer in a time imperatively limited by comparatively short 
life of the animals and in particular of rodents. 

But, in reality, since tobacco smoke is practically never inhaled 
isolatedly by humans, *>ut almost ever in the presence of other physical or 
chemical pollutants, the demonstration and investigation of its cocarcinoge-
nic action is as interesting as that of its carcinogenic action. 

It is on these grounds that we undertook experiments in which 
tobacco smoke was administered as a co-factor to rats previously submitted 
to inhalations of radon and its descendants. 

We know this experimental model well for having induced during 
the last 10 years over 500 lung cancers in rats exposed to variable cumu
lative doses of radon. It seems to be well suited for the nvestigation 
of pulmonary synergisms for, contrary to tobacco smoke and many other 
pollutants, this carcinogenic agent is free of chemical toxicity. This 
lack of toxicity allows to make the animals inhale in a short period of 
time cumulative doses of radon and its descendants identical with those 
which induce cancer in humans(Chameaud et al. 1971, Chameaud et al.1976) 

In addition, the cancers obtained in this way occur in an animal 
that practically never developed any spontaneously and are histologically 
comparable with human cancers. Their rate of occurence as a function 
of exposure is similar to that found in epidemiological studies in ura
nium miners.( Chameaud et al. 1974, Perraud et al. 1972). 

During radon inhalations as well as during the latent period, 
the general condition of the animals remains good and their respiratory 
tract shows no serious lesions. Therefore nothing opposes making them 
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inhale also another pollutant at subtoxic doses. It will then be possible 
to see whether the latter has a synergistic action by comparing the can
cers obtained under these conditions with those developing in animals 
only subjected to radon inhalations. 

It is on this experimental model that we undertook first the 
investigation of the synergistic action of cigarette smoke.The part of 
risk ascribable to tobacco in the aetiology of lung cancer in uranium 
miners is indeed an important, still poorly understood question(Archer 
et al. 1973). 
MATERIAL AND METHODS; 

- Radon Inhalation: 
The inhalations of radon and i t s descendants took place in a 

device enabling to expose A large number of animals. The inhalation cham
bers and the loechanism of the apparatus were described previously(Blondeau) 

- Tobacco smoke inhalation: 
For cigarette smoke inhalations, a simple system was chosen: 

the smoke box. 500 litres in volume, it enabled to expose together the 
50 rats constituting one of the groups exposed to radon. The production 
of cigarette smoke was ensured by the simultaneous combustion of nine 
"Gauloises bleues". The cigarette were disposed on a cigarette-holder 
communicating with the box. Combustion was maintened as soon as the 
cigarettes were lighted, and the aspiration of smoke was ensured by 
means of a slight depression created in the box by a vacuum pump. At 
the end of each session, a ventilation system renewed the enclosure 
atmosphere with fresh air. 

All organs were systematically examined and a preserved when 
showing the least abnormality. The lungs, removed after in situ perfu
sion of the pulmonary circulatory system with physiological saline to 
drive off blood there from, were first examined very carefully.Macroscopic 
examination proves very important, for it gives an idea of the size 
and localization of the tumour, but, in addition, a fine palpation of 
the lung, combined with vitro-pressure on the negatoscope, enables 
to detect the smallest tumours. The findings are confirmed by the 
subsequent histological examination. 

After fixation, the lungs were sectioned transversally, from 
above downwards, in a frontal plane, into two equal parts; each of these 
two parts was embedded in paraffin, then cut systematically in the 
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same direction at 20 or 5 microns. This method enables the detection 
of the least abnormality, even before staining. The 5-micron sections 
selected were spread and stained with haemalun, phloxin, alcian green, 
saffron. 

To enable to make simple and accurate comparisons, the lesions 
observed were described following a classification derived from T.N.M. 
classification: (Relault P et al. 1975) 

To Absence of tumour 
Tl Presence of tumour less than 2 mm in diameter 
T2 Presence of tumour 2-5 mm in diameter 
T3 Presence of tumour 5-10 mm in diameter 
T4 Presence of tumour more than 10 mm in diameter 
Po No spread to the pleura - PI Spread to the pleura 
No No lynch no<*e involvement 
Nl Lymph node involvement 
Mo No metastasis 
Ml .Metastasis outside the thoracic cavity 
M2 Intrapulmonary metastases or presence of several tumours 

in the lungs 
M3 Association of Ml and M2 
We thus for each histological specimen a formula (e.g. T4 PI Nl 

Mo) making possible simple classification and comparisons. 
- Levels of exposure to radon; 

The doses of radon and its descendants chosen were 4000 WLM, 
500 WLM and 100 WLM because we knew from experience that these doses gave 
30-40 Z, 5-10% and 1 - 27. of cancers, respectively. 

- Level of exposure to smoke; 
Smoke concentration (9 cigarettes per 500 litres) was chosen 

so that the animals may be subjected without influence on their behaviour 
and general condition to 10 15 min inhalation sessions daily, i.e. to 
the maximum amount of smoke over the maximum period of time. These values 
were arrived at by trials and errors by exposing previously a number of 
rats to various concentrations. 

The rats were exposed to smoke for 1 year, 4 days a week, at 
a rate of 6-10 sessions of 10-15 min. a day. Here too, we knew from 



experience that such an exposure was well tolerateby the rats and that 
their life span was not altered. Their lungs, loaded with tars, only 
displayed changes in bronchiolar-alveolar structure in the form of 
metaplasia, without any malignant lesion. 

It is difficult to know the number of cigarette packets to 
which this exposure corresponds. Blood carbon monoxide levels it: these 
animals during inhalations were 6jBt«*j0Z 0,60% • 

EXPERIMENTS; 

- GROUP I 
Two groups of 50 SPF SPRAGUE DAWLEY rats, distributed into cages 

of 10, were exposed from three months old to inhalations of radon in equi
librium with its descendants at a concentration of 3000 WL during 34 ses
sions of 6-hour, at a rate of 4 nocturnal sessions a week. Cumulative expo
sure was about 4000 WLM. 

One of the groups was then exposed to smoke. The total duration 
of exposure to smoke under the above desr ibed conditions was 352 hours. 

- Rejsul£s_: 

All rats except 2 "smokers" and 3 " non-smokers" could be examined. 
Lung examination disclosed highly significant differences between 

the two groups. All lungs from "smokers" displayed quite numerous lesions 
of varying importance, often in contact with tar deposits, ranging from 
isolated cellular lesions to adenomatosis. These benign lesions were much 
rarer in "non-smokers". 

Whereas 17 malignant lung tumours were seen in the 47 animals only 
exposed to inhalations of radon and its descendants that could be examined, 
i.e. a percentage '36Z) corresponding to that expected for such a level 
of exposure (30-40%), 34 "smoker" rats, i.e. 711 of those which could be 
examined and invasive. Thus there were 62% of T4 in "smokers" and 41% 
in "non-smokers", 21% of lymph node metastasis (Ml) in " smokers " and 
6% in " non-smokers ", and lastly one remote metastasis (M3) in "smokers" 
and none in " non-smokers". In addition, multiple malignant lesions appa
rently of the same age in the same lung were seen more frequently in 
"smokers" (35% of M2) than in " non-smokers" (9Z). 

- GROUP II 
58 rats inhaled a cumulative dose of radon of 500 WLM in the 
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course of 10 inhalation sessions of 3-hour at a concentration of 300C VL. 
30 of these rats were exposed to smoke for 350 hours in the sam 

way as the animals in group I. 
- Results^ 
All lun^s from "smokers" were exauifned; 3 o» the "non-smokers" 

could be examined. 
In the"smoker" group, practically all animals showed isolated 

cellular lesion or adenomatosis, and there were 8 cancers: 1 Tl,3 T2, 
2 T3, 2 TA, with 1 M2. 

In "non-smokers", on the other hand, there were few benign 
lesions beside adenomatosis, and two cancers Tl. 

- GROUP III 
58 rats inhaled 100 WLM of radon and its descendants in the 

course of 17 sessions of 3-hour at a concentration of 300 WL. 
30 of these rats were exposed to smoke for 350 hours under 

the same conditions as above. 
- Ke£ult£: 
3 "smoker" rats could not be examined. 
Practically all their lungs displayed isolated cellular lesions 

and adenomatosis-suspicious in one case, and there was 1 cancer T2. 
The lungs from control animals only subjected radon inhalations 

displayed practically non benign lesions and no cancer. 
- GROUP IV 

'i5 rats were only subjected to smoke inhalations for 350 hours 
- ftesultjs: 
4 rats could r.ot be examined. 
No lung cancer was observed. The lungs from three rats dis

played adenomatosis. 

•««/... 
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Cumulative 

dose 4000 WLK 500 VLM 100 HLM 0 
of radon 

R'Radon alnn 
> R*S "Radon • R *S' R R« R R+S seulement 

Smoke 

Mumber of 
rats 

50 50 28 30 28 30 45 

Tl 2 2 2 1 0 0 

T2 4 4 0 3 0 1 

• 

T3 5 6 0 2 0 0 

• 

T4 6 22 0 2 0 0 

• 

PI 10 20 0 6 0 0 i 1 
• 

Nl 1 7 0 1 0 0 
• 

Ml 0 0 0 0 0 0 

• 

M2 4 16 0 1 0 0 

• 

m 0 1 0 0 0 0 

• • 

Number o"f 
•cancers 17 34 2 8 0 X 0 

• 

Percentage 34 68 7 28 0 3.3 
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DISCUSSION: 

The synergestic action of cigarette smoke inhaled after inhala
tion of cumulative doses of radon and its descendants of 4000 or 500 WLM 
is not questionable for, in these two groups, the number of cancers was 
increased and the tumours «ere moTe -nvasive and with metastasis. At 100 
WLM, we found 1 cancer and 1 suspicious adenomatosis in "smokers", as 
against none in "non-smokers", i.e. a 3-4Z incidence whereas the excepted 
figure was 1-2Z. The syr.ergestic effect however may be discussed at this 
exposure level, the small number of exposed animals not allowing to 
demonstrate it. 

The co-factor effect of cigarette smoke is not additive, since 
we never found any cancer in the animals only exposed to smoke under the 
same conditions and the number of cancers at each level of exposure to radon 
was increased. It is therefore a multiplicative effect. 

It will be difficult to show how this multiplicative factor 
varies as a function of the amount of tobacco smoked, indeed, if we make 
the animals smoke more, the toxic threshold will be rapidly reached; if 
we make them smoke less, much larger groups )f animals will have to be 
used. 

We do not know to which number of cigarettes smoked by a human 
being such an exposure of rats to smoke corresponds. Blood carbon monoxide 
level in the animals during smoke exposure was 0.60%. This is the sole 
precise datum available to us. 

The histological type of cancer is not altered by tobacco. The 
"smoker" and "non-smoker" groups showed approximately 75% of epidermoid 
carcinoma and 20Z of adenocarcinoma with a few bronchioloalveolar and 
undifferentiated carcinoma. 

The latent period of tumours is probably shortened in "smokers" 
for their cancers were more extensive and invasive however provided that 
the doubling time should be the same in both cases. 

An important point remains to be known, i.e. whether this poten
tiating effect is the same when the animals are exposed to smoke before 
inhaling radon. Experiments in progress should allow to solve this ques
tion. 

CONCLUSION: 
These experiments clearly demonstrated the carcinogenic action 
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of tobacco smoke. 

They confinr the epidemiological data, not only those concer
ning the uranium miners, in Whom the carcinogenic factors are the sane, 
but also the other ones since, although radon plays no part, smoke is 
always associated with other polluants and has similarly a role of ce
faclor. 

These results bring further evidence of the validity of this 
animal model. It can enable to determine the comparative toxicity of 
various tobaccos, the biological efficacy of the various types of 
filters used, and more generally to investigate the co-carcinogenic 
effect of other physical or chemical pollutants, whether inhaled or 
ingested. 
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