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VDOFWXIRD 

Dit proefschrift is tot stand gekomen met de hulp van vele medewerkers van de 
afdeling Biologische Toxicologie en ook van een aantal mensen van andere 
afdelingen en Instituten. 
In het bijzonder dient vermeld te worden Dr R.Kroes die de aanzet gegeven 
heeft tot het onderzoek naar de relatie tussen voeding en kanker en wiens 
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organisatorische, technische en administratieve aspecten van de experimenten. 
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diverse mensen onontbeerlijk geweest. Een aantal medewerkers van het Instituut 
voor Pathologische Anatomie van de Katholieke Universiteit te Nijmegen moet ik 
hier in hun anonimiteit dank zeggen voor de kritische begeleiding bij het 
gereedmaken van het manuscript en het uitvoeren van immunohistochemische 
technieken op de hamstertumoren. Wel genoemd kan en moet worden de dank die ik 
Dr V.J.Feron en Prof Dr Ir R.J.J.Hermus verschuldigd ben voor het lezen en 
leesbaar helpen maken van "ruwe" manuscripten en hoofdstukken. De opbouwende 
kritiek van mijn begeleiders, zowel uit Nijmegen als Zeist, heb ik als zeer 
positief ervaren. 

Verder ben ik dank verschuldigd aan Lammert van Beek voor adviezen over de 
voedingsaspecten van de experimenten, Dr A.P.de Groot voor het kritisch 
doornemen van enkele manuscripten, Jacques Thissen voor statistische adviezen 
en het uitvoeren van een aantal statistische methodes, Jos Hagenaars en de 
medewerkers van de computergroep voor de vele hulp bij computeraangelegen-
heden, variërend van statistiek tot tekstverwerking, Fred van Welie voor de 
fotografie, Flora de Vrijer voor literatuur recherge, Joost Bruyntjes voor 
iranunohistochemische technieken, Jasper Blom voor het vervaardigen van de 
proefrantsoenen. Maarten Bosland voor de samenwerking, vooral tijdens de 
aanvangsfase van het project en voor de ideeën en discussies over "voeding en 
kanker", Ben Spit en Fons Rutten voor de discussies en ideeën over de rol van 
vitamine A, Jan Catsburg en zijn medewerksters voor het bewerken van de sera 
en Andries Speek en de medewerkers van de sectie Biochemie voor de vele 
vitamine A bepalingen, en tenslotte, mijn collega's pathologen en toxicologen 
met wie ik regelmatig van gedachten heb gewisseld over de specifieke problemen 
van het project. Ook wil ik, meer in het algemeen, blijk geven van mijn 
erkentelijkheid voor de mogelijkheid die mij op het CIVO geboden is om in dit 
onderzoek te participeren. 
Daar een proefschrift gezien mag worden als een afsluiting van een 
universitaire wetenschappelijke opleiding, wil ik deze plaats ook gebruiken om 
mijn ouders te danken voor de mogelijkheid die ze me verleend hebben om deze 
opleiding te volgen. 
De tijd die ik intensief met het werk voor het proefschrift bezig was, moet 
een ongezellige tijd geweest zijn voor Marie-Jose en de kinderen. Hun geduld 
tijdens die periode was een grote steun voor me. 
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INTRODUCTIGN 

Epidemiological studies have revealed that life-style factors, including 

dietary habits, are important variables in the etiology of several types of 

cancer. Major cancer types involved include cancer of the breast (Miller, 

1986; Welch, 1985), colon (Reddy, 1986), prostate (Bosland, 1986) and probably 

pancreas (Roebuck, 1983). Carcinogenic substances may be naturally present in 

the food or added to it, either as contaminants or as a result of processing. 

However, the contribution of these carcinogens to cancer burden is estimated 

to be of relatively little importance. It is assumed that nutritional factors 

act mainly by modifying the process of carcinogenesis that is initiated by 

other agents. The nature of these initiating agents is unknown, except in the 

case of lung cancer. Doll and Peto (1981), in a review of the epidemiological 

literature, concluded that 35% of cancer in the U.S. could be ascribed to 

nutritional factors. Smoking of cigarettes accounted for another 30% of the 

cancer cases, involving mainly lung cancer. The authors claimed that a con

siderable part of the cancer cases could be avoided by changing the diet and 

other life-style factors. The apparent modifying effect of nutrition on cancer 

has revealed suggestions for dietary guidelines that should reduce risk for 

cancer as much as possible within a population. 

However, before recommending these guidelines to the general population, 

one should question how strong the evidence for a modifying effect of nutri

tion on cancer really is. The epidemiological and experimental data that are 

available on the relation between nutrition and cancer were carefully 

evaluated by the committee "Nutrition and Cancer" of the "Voedingsraad", the 

Dutch Nutrition Council (1986). Their conclusions, which can be characterized 

as conservative, can be sumarized as follows. There is reasonably good 

evidence for a positive association between the consumption of 1) dietary fat 

and cancer of the colon and breast and perhaps also of the prostate and pan

creas, 2) alcohol and cancer of the larynx and oesophagus and 3) nitrate and 

nitrite and cancer of the stomach. Perhaps a negative association is present 

between 1) dietary selenium intake and cancer of the breast and 2) intake of 

vitamin A and ß-carotene and cancer of the lung and bladder. Evidence for 

several other interactions between diet and cancer, which were suggested in 

the literature, was considered to be yet insufficient, either because the 

experimental data were limited or because the results were not consistent. 

liiis conservative approach is in marked contrast with the optimistic and 
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promising conclusions drawn by several investigators. A careful approach seems 

justified since changing the diet might have unpredictable and, perhaps, 

unwanted consequences for other aspects of the human health, e.g. changes in 

the spectrum and onset of "age related" diseases other than cancer, or of 

cancer types that have not yet been investigated in relation to nutritional 

modification. 

Lung cancer is the main single cause of death due to cancer in men. The 

last decades the incidence is rising in males as well as in females. In 1964 

in the Netherlands mortality due to lung cancer comprised 7324 males and 915 

females on a total of 19150 and 13665 deaths due to cancer for males and 

females respectively (C.B.S., personal communication). The causal relationship 

between the smoking of cigarettes and lung cancer has been established in 

several epidemiological studies as well as in experimental work (Wynder, 1977; 

Hoover, 1978). The relative risk of smokers as conpared to people who do not 

smoke is estimated to be 10. There is some evidence that involuntary or pas

sive smoking also increases the risk for lung cancer (Garfinkel, 1985; 

Henschler, 1985), though this issue is still not settled. 

Recent improvements in early diagnosis and treatment have been relatively 

ineffective in reducing lung cancer mortality. An alternative approach is the 

prevention of cancer by eliminating initiating or promoting factors, or to 

make use of modifying factors. Investigations on factors that modify cigar

ette-smoke induced cancer of the airways have mainly focussed on the enhancing 

effect of occupational exposure to inhaled gases or particles, or radiation 

(Frank, 1978). Furthermore, the influence of vitamin A on lung cancer has been 

the subject of rather extensive investigations. However, other dietary factors 

that have been mentioned in connection with cancer have received little atten

tion in the case of lung cancer. 

Considered against the background of the hypothesis that life-style factors 

are iirqportant in the etiology of cancer, one could wonder whether life-style 

factors other than smoking habits play a role also in lung cancer. This as

sumption is supported by some epidemiological findings. For example in Japan 

mortality from lung cancer is considerably lower than in the Netherlands, 

although the smoking habits are comparable (Keys, 1980). 

Nutritional manipulation appears to be a rather inefficient and indirect 

way to prevent lung cancer, since lung cancer can largely be avoided by cessa

tion of smoking. Nevertheless there are some reasons that justify a closer 
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study of the possibilities that nutritional factors may provide in the 

modification of lung cancer. 

If dietary recommendations are formulated in order to prevent cancer of the 

breast, colon, pancreas and other major types, it is desirable to estimate the 

impact of the dietary change on other neoplastic diseases, including lung 

cancer and also on non-neoplastic, "age related" diseases. This is important 

since little is known of the working mechanism of modification of carcino

genesis by nutrition. It is also unknown whether nutritional factors have a 

general effect on cancer, or whether their mode of action depends upon the 

type of tumour or target tissue. Therefore it cannot completely be excluded 

that nutritional factors that have proven to inhibit several major types of 

cancer, would not influence, or even enhance lung cancer development. Since 

large numbers of people are involved these aspects should be taken into con

sideration before dietary changes are recommended. This can be accomplished by 

investigating epidemiological data and by animal experimentation. 

It is not known whether nutritional factors have a general effect on cancer. 

Most of the cancer types that have been claimed to be influenced by diet are 

hormone-related (breast, prostate) or the nutritional factors are assumed to 

act by mechanisms involving the local environment of the target tissue 

(colon). The nature of the initiating agents is as yet speculative. Lung 

cancer, on the other hand, is an example of a chemically induced, not hormone-

related type of cancer. It seems worthwhile to investigate whether also this 

type of tumour, with its specific etiology, is influenced by dietary factors. 

There are more reasons to investigate the relation between nutrition and lung 

cancer. It should be realized that even people that have never smoked are at 

some risk for lung cancer. Although estimated to be less than 10% of the lung 

cancer cases it still comprises a considerable number of cancer deaths. 

Perhaps nutritional factors might exert a beneficial effect, whether people 

smoke or not. 

Finally, a very speculative approach is the consideration that when certain 

dietary factors will turn out to be involved in the etiology of lung cancer it 

might be useful to investigate whether these factors can also play a role in 

the therapy of lung cancer. This might especially be worthwhile if nutritional 

factors turn out to influence the later phases of carcinogenesis, e.g. the 

tumour progression phase. Perhaps a modified diet could support the conven

tional therapy of lung cancer, e.g. surgery, chemotherapy and immunotherapy. 
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The relation between nutrition and cancer can be investigated using 

epidemiological methods including "case control" studies, animal experimenta

tion and in vitro experiments. Each of these methods has its limitations and 

in most cases the results of a single method cannot provide sufficient 

evidence for a modifying effect of nutrition on cancer. Therefore the results 

from epidemiological studies should be confirmed by the outcome of studies 

using experimental cancer models relevant for man. Moreover, it is important 

to elucidate the working mechanism since this knowledge might reveal indica

tions to optimise the effect or, otherwise, to predict possible unwanted side 

effects of dietary modifications. In an experimental lung cancer model it is 

possible to investigate single nutrients under controlled and well described 

conditions. The tumour response, including tumour type, incidence and time of 

appearance, can be used as indicator of the modifying potential of the nutri

tional factor tested. 

Lung cancer in man is generally classified according to the W.H.O. clas

sification, which is based on the histological type. Main types are epidermoid 

carcinoma, small cell carcinoma, large cell carcinoma and adenocarcinoma. A 

classification has been proposed as well that is based on the histogenesis of 

lung tumours (McDowell, 1978). For experimental work on lung cancer it is 

necessary to dispose of an animal model that reveals tumours that closely 

resemble human lung tumours. Such models are available and have been described 

extensively in the literature. Especially the Syrian hamster and, to a lesser 

extent, the rat have been used, since in these species tumours can be induced 

that resemble the human epidermoid carcinoma. In the mouse the main tumour 

type is the alveologenic adenoma or carcinoma, which has limited relevance to 

man. The type of classification in experimental lung cancer research should 

preferentially be based on the histogenesis. Such classifications have been 

described and the histogenesis of tumours of the respiratory tract in rodents 

has been investigated rather extensively. An adequate classification deserves 

much attention, since the tumour response is a major endpoint in animal ex

periments. This is especially important in case of lung cancer where, both in 

man and in animals, part of the tumours represent a spectrum of closely re

lated varieties, ranging from epidermoid carcinoma, via combined tumours to 

adenocarcinoma. Some nutrients, e.g. vitamin A are able to influence the 

histological differentiation of epithelial cells and might thus provoke a 

shift from one variety to another. Also features like the grade of malignancy 
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and presence and severity of metaplastic changes may be parameters that might 

be influenced by modifying factors and should therefore be evaluated. 

Another important question is whether the experimental model is also 

suitable with respect to the nutritional aspects. The nutritional requirements 

of rodents are partly different from those of man. Therefore detailed know

ledge is desirable on these requirements, as well as on possible harmful 

effects of deficiency or excess and the dose levels at which they occur. 

Moreover, knowledge of the mechanism of action of nutritional factors on 

carcinogenesis is essential. If the way of acting in laboratory animals is 

known it can be established whether a similar working mechanism is relevant 

for man. 

It should also be considered that in animal experiments generally more extreme 

conditions are tested than occur in man. This type of experiments is suitable 

to detect the presence and nature of an effect, rather than to directly quan

tify the potential impact on humans. 

This thesis deals mainly with experimental investigations on the modify

ing effects of nutritional factors on chemically induced respiratory tract 

carcinogenesis. The investigations can be characterized as mainly explorative. 

The aim is to investigate whether the nutritional factors that have been 

claimed to modify cancer at other sites, are also capable of modifying chemi

cally induced lung cancer. A second step could be to elucidate the mechanism 

of action of those factors that have proven to be effective in this respect. 

The studies are part of the programme on "nutrition and cancer", which is a 

major area of research of the INO-CIVO Toxicology and Nutrition Institute 

(Kroes, 1986). 

In chapter 1 the experimental lung cancer model, used in the various experi

ments, is described, with emphasis on the histomorphology and immunocyto-

chemistry. 

Chapter 2 deals with the influence of diets high in saturated or high in 

polyunsaturated fat on chemically induced tumours of the respiratory tract. 

Dietary fat has been mentioned as an enhancer of several types of tumours, 

both in nan and in experimental animals. Since animal experiments on chemi

cally induced mammary gland cancer revealed that unsaturated fat was more 

efficient in enhancing carcinogenesis than was saturated fat, both types of 

fat were tested. 

In chapter 3 a short-terra toxicity study with selenium is described that was 

performed to establish the "no-toxic-effect level" of selenium in the hamster. 
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This information was used for the design of a chronic study with selenium in 

hamsters that is described in chapter 4. In this chronic study the modifying 

effect of dietary selenium on chemically induced respiratory tract tumours was 

investigated. Since selenium has been claimed to play a role in the destruc

tion of free radicals that may be produced by lipid peroxidation, the modify

ing effect of selenium was also tested in a high polyunsaturated fat diet. 

The modifying effects of vitamin A and ß-carotene on chemically induced resp

iratory tract tumours were investigated, and are described in chapter 5 and 6, 

respectively. 

Chapter 7 deals with the semi-chronic toxic and nutritional effects of vitamin 

A and ß-carotene in hamsters, with emphasis on the relation between dietary 

intake and serum and liver retinol and b-carotene concentrations. 

In chapter 8 the literature, both epidemiological and experimental, on nutri

tion and lung cancer is reviewed. 

Finally, conclusions and suggestions for further research are given. 
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CHAPTER 1 

MORPHOLOGY OF BENZO(a)PYHENE INDUCED KESPIPATORY TRACT TUM0UB5 AND 

METAPLASTIC CHANGES IN HAMSTERS. 

INTRODUCTION 

In experimental lung cancer research a number of animal models is now 

available. These models include intratracheal instillation of carcinogens, 

implantation of carcinogen containing threads or pellets, irradiation experi

ments, the administration of systemic acting carcinogens that induce tumours 

in the respiratory tract, and transplantation experiments (Nettesheim, 1978; 

Reznik-Schuller, 1979; Althof, 1977; Hahn, 1985). The choice of a model 

strongly depends on the type of investigations for which it is used, and on 

the hypothesis to be tested. In our studies on the modification of carcino

genesis by nutritional factors the experimental lung cancer model is primarily 

used as a tool to disclose interactions between diet and chemical carcino

genesis. Therefore the disposal of a reliable and representative animal model 

is of great importance. Such an animal model should meet the following 

requirements: It should be easy to use in a routine way. The tumours produced 

should resemble those of humans and must be derived from the same cell types 

as their human counterparts. The route of administration of the carcinogen and 

the metabolism should not be too different from those in man. Moreover, the 

results should be reproducible. This is of special importance since the tumour 

production in a given period of time, say one to one and a half year, should 

be predictable. When the tumour response is either too low or very high, an 

estimation of the modifying effect of the nutritional conponent tested would 

become difficult. Moreover, a too vigorous tumour response would overwhelm any 

protective effect. The lung cancer model developed by Saffiotti (1968) ap

peared to meet most of these requirements. In this model tumours of the 

respiratory tract are induced in Syrian hamsters by intratracheal instillation 

of benzo(a)pyrene (BaP) attached to ferric oxide. This treatment reveals 

squamous cell tumours, mainly of the bronchi and trachea within 0.5 to 1.5 

year. BaP is a complete, indirect acting carcinogen that is also present in 

cigarette smoke. An additional advantage of the BaP model in hamsters was that 

in our Institute experience with this model was already available (Feron, 

1980). Not only do the induced tumours resemble those occurring most fre

quently in man, but also the route of administration seems to be not too 
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divergent. As to this last point it should be considered that, although the 

intratracheal instillation of BaP represents a limited number of peak ex

posures of the respiratory epithelium, this method still resembles more 

closely cigarette smoking than do the other methods of inducing lung cancer. 

Other methods are either too traumatic (implantation of carcinogen containing 

devices) or the route of administration is quite different from cigarette 

smoking (systemic administration of carcinogens). 

Inhalation of cigarette smoke or carcinogens was not considered since in 

rodents these methods generally lead to the induction of tumours in the higher 

airways, and moreover, are time-consuming and very costly. 

Also the classification of the induced tumours should meet certain cri

teria and needs to be adapted to the type of investigation. The number of 

unclassifiable cases should be low. Furthermore, it should be possible to 

detect a shift in the (histogenetic) type of tumours. A practical requirement 

is that the classification should primarily be based on light microscopical 

examination of routinely processed tissue. In large scale studies it is not 

possible to perform expensive special techniques or EM on large numbers of 

specimens. Recent new insights in the histogenesis of cancer of the res

piratory tract have revealed a classification based on the histogenesis of the 

tumours (McDowell, 1978). This classification, that has also previously been 

used in Syrian hamsters (Becci, 1978) was the basis for the classification 

used in the present studies. Some slight adaptations had to be made since the 

classification should be suitable for light microscopy only, while Becci used 

also electron microscopy. In this chapter the BaP-induced respiratory tract 

changes are described that were found in our studies on the modification of 

respiratory tract carcinogenesis by dietary factors. 

MATERIALS AND METHODS 

The tumours and metaplastic changes were derived from long-term studies 
with Syrian hamsters, which were intratracheally instilled with benzo(a)pyrene 
attached to ferric oxide for 5 to 15 times. The tissues were fixed in a 4% 
aqueous, neutral, phosphate-buffered formaldehyde solution. The fixation 
period varied from a few days to several months. The tissues were embedded in 
Faraplast, sectioned at 5 /лп and stained with haematoxylin and eosin and, in a 
number of cases, with Alcian blue - PAS for mucosubstances. 
Immunohistochemistry was performed on a limited set of tumours, metaplastic 
changes and normal tissues. The specimens included one or more examples of 
each of the various tumour types. The methods incuded reactions for keratin 
(DAKO rabbit polyclonal anti-keratin, containing antibodies against 52, 56 and 
58 kD keratins and, to a lesser extent, against 48, 51 and 60 kD keratins, 
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DAKO, Danmark) and for S-100 protein {DAKO rabbit polyclonal anti-bovine brain 
S-100f DAKO, Danmark). Methods for neuroendocrine markers (neuron-specific 
enolase (NSE) and serotonin) did not react adequately in our hamster material; 
nervous tissue reacted occasionally positive with NSE, but control tissues 
with APUD cells were negative with both methods. 

CLASSIFICATION OF BENZO(a)PYRENE INDUCED LESIONS OF THE RESPIRATORY TRACT 

Hyperplastic changes of the laryngeal epithelium 

The border between larynx and trachea was arbitrarily defined as the 

transition from squamous epithelium to the columnar type of respiratory epi

thelium, caudally from the vocal cords. Hyperplastic and neoplastic changes in 

the larynx of hamsters have been described in detail by Dontenwill (1973). In 

our studies the laryngeal changes occurred mainly in the epithelium of the 

vocal cords. 

-Epithelial hyperplasia (acanthosis). In relatively mild forms the hyperplasia 

was characterized by a thickening of the squamous epithelium that retained the 

normal maturation of cells, even though it was usually accompanied by hyper

keratosis or parakeratosis. In these mild cases atypia was absent and the 

basal epithelial lining was flattened. When the basal cells were more dis

tinctly involved there were often elongated irregular pegs of basal cells 

extending into the underlying connective tissue (pseudoepitheliomatous hyper

plasia). When the lesion became more advanced increasing degrees of atypia 

became evident in the hyperplastic epithelium, characterized by a loss of the 

normal orientation of the epithelial cells, accompanied by alterations in 

cellular size and shape and staining characteristics, and occasionally dys

keratosis seen as abnormal keratinization occurring prematurely within in

dividual cells or groups of cells (hyperplasia with atypia). The atypical 

changes did not involve the entire thickness of the epithelium (as in "carci

noma in situ") but were restricted to only a part (arbitrarily up to 2/3 of 

the thickness) or to foci. Or the entire thickness of the epithelium was 

involved, but the degree of dysplasia was only slight and involved mainly 

cellular size and shape and staining characteristics. 

comment: Laryngeal lesions induced by carcinogens range from hyperplastic 

changes and metaplasia via increasing grades of atypia to carcinoma in situ 
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and microinvasive epidermoid carcinoma. The borderline between hyperplasia 

with atypia and carcinoma in situ is rather arbitrary. If more than one type 

of lesion belonging to this series was present in the larynx, only the most 

advanced change was recorded in our experiments. However, if a tumour, includ

ing carcinoma in situ, was observed together with hyperplastic changes, both 

the tumour and the most advanced hyperplastic change were recorded. 

Hyperplastic sind metaplastic changes of the tracheobronchial epithelium 

The normal histomorphology of the tracheobronchial epithelium and the 

epithelium of the smaller airways and alveoles of rodents is described by 

several authors (Becci, 1978; Breeze, 1976; Kuhn, 1985). A summary of the 

distribution of the various cell types, based on the above literature and on 

personal observations is presented in table 1. 

Table 1. CELL TYPES IN THE VARIOUS PARTS OF THE RESPIRATORY TRACT 
OF THE HAMSTER 

type of larynx trachea bronchi bronchioli terminal/ alveoli peritracheal 
cells respiratory glands 

bronchioli 

- - +++ 
- - + 

+++ +/-

+++ 

- = not present, +/- ~ a single, + = a few, ++ = several, +++ = many. 

Immunohistochemistry of our material revealed a positive reaction for keratin 

of the basal cells. The ciliated cells and mucous cells showed a less pro

nounced reaction or no reaction at all. Occasionally there were areas or foci 

where the reaction for keratin appeared stronger, suggesting an irregular 

distribution of cells expressing this feature over the trachea and bronchi. In 

the lower parts of the airways, where basal cells are absent, the epithelium 

did not react for keratin, except for a faint granulation of a few scattered 

squamous 
basal 
mucous 
serous 
ciliated 
neurosecret 
indifferent 
Clara 
pneumocyt 1 
pneumocyt 2 

+++ 
++ 
-
-
-
-
-
-
-
-

-
++ 
+++ 
-
+++ 
+/-
+ 
-
-
-

-
++ 
++ 
-
+++ 
+/-
+ 
+ 
-
-
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cells of uncertain origin. The acinar epithelium of the peritracheal glands 

reacted negative, except for a few scattered cells, whereas the excretory 

ducts showed a weakly positive reaction. In the bronchioles a positive reac

tion was generally present in the apical parts of the Clara cells only. 

-epithelial hyperplasia. Epithelial hyperplasia was defined as an increase in 

the number of epithelial lining cells which kept their pseudostratified con

figuration. Various forms of epithelial hyperplasia were observed. The epi

thelium may consist of densely packed high columnar cells. These areas fre

quently showed an irregular surface, or the surface became papillomatous due 

to herniation of stromal papillae in the epithelial layer. In basal cell 

hyperplasia there was more than one layer of basal cells due to diffuse or 

focal proliferation of this cell type with the apical cell layers relatively 

normal in extension. The basal epithelial lining may be irregularly outlined. 

Mucous cell hyperplasia was characterized by an increase in number of mucous 

cells in the trachea or bronchi, either relative or absolute. The epithelium 

remained pseudostratified. This type of hyperplasia was most common in our 

hamsters. 

-Squamous metaplasia (epidermoid metaplasia). Squamous metaplasia was seen as 

a change of the original columnar epithelium into multilayered squamous epi

thelium. Abrupt transition from the adjacent ciliated epithelium was coiranon. 

Various degrees of atypia may be present in the squamous metaplastic epi-

thelium (dysplasia), seen as variability in the cellular size, shape and stain 

affinity, dyskeratosis (individual cell keratinization in the deeper layers) 

and the occurrence of atypical mitoses. However, the overall pattern of matu

ration was maintained. Squamous metaplasia with more advanced degrees of 

atypia frequently showed relatively little keratinization. The severity of the 

metaplasia was considered to depend upon the extension and thickness of the 

metaplastic area. The distinction with carcinoma in situ was rather arbitrary; 

in carcinoma in situ the atypical changes occurred over the full thickness of 

the multilayered epithelium and were more severe. 

Imraunohistochemistry revealed a strong reaction for keratin, especially in the 

mature epidermoid cells, superficially in the epithelial layer. But expression 

of keratin was occasionally also present in the more basal layers, especially 

in case of atypia. 
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For a more detailed diagnosis several types of squamous metaplasia could 

be distinguished, depending upon the degree of stratification and of 

keratinization of the surface cells. Transitional metaplasia (pretransitional 

metaplasia) was defined as one layer of basal cells covered by various numbers 

of layers of polygonal cells ("small mucous granule cells"). Some 

interdigitated ciliated cells may be present at the surface. There was no or 

only minimal flattening of surface cells. In non-keratinizing squamous 

(epidermoid) metaplasia there is one layer of basal cells covered by 2 or more 

layers of polygonal cells that became progressively flattened toward the 

epithelial surface. Ciliated cells were absent and the luminal aspect of the 

epithelium was composed of flattened (squamous) cells. In case of keratinizing 

squamous (epidermoid) metaplasia there were one to many layers of desquamating 

keratinizing flattened surface cells, with increased eosinophilia (H and E 

staining). 

Increase (and/or metaplasia) of peritracheal glands was seen as an in

crease in number and/or extent of the peritracheal gland formations due to 

proliferation of glandular epithelial cells, occasionally accompanied by 

squamous metaplasia of the glandular epithelium. 

Hyperplastic and metaplastic changes of the smaller conductive airways 

were rare in our material. 

Hyperplastic changes of the alveolar epithelium 

The histology of the normal hamster lung is described in detail by Kennedy 

(1978). 

-Alveolar bronchiolisation (bronchiolar alveolar hyperplasia, alveolar epi

thelial hyperplasia, bronchiolar proliferative lesion, adenomatosis). Alveolar 

bronchiolisation was defined as replacement of the alveolar lining epithelium 

by cuboidal basophilic epithelium which resembled the bronchiolar type of 

epithelium. Generally the lesion was situated in the peribronchiolar areas and 

was accompanied by some inflammatory cells, especially alveolar macrophages. 

Occasionally there was mucus formation or fibrosis of the alveolar wall. The 

alveolar structure was preserved and papillary proliferations of the epi

thelium (piling up of cells into the alveoli) were absent. There was no com

pression of the surrounding alveolar tissue and the margins of the lesion were 
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generally not distinct. The immunohistochemical reaction for keratin was 

generally negative. 

It may be difficult to distinguish this lesion from adenoma. In an adenoma 

there are papillary projections of the epithelium, generally no or only a few 

inflammatory cells, loss of at least some of the alveolar structure and com

pression which may be little pronounced. Most investigators consider alveolar 

bronchiolisation as a precursor of adenoma. 

Tumours arising from the tracheobronchial and laryngeal lining epithelium 

-Epidermoid papilloma. Defined as exophytic growing papillary tumours protrud

ing into the lumen of the conductive airways, containing vascularised mesen

chymal stroma. The epithelium may be purely squamous consisting of stratified 

epithelium with various degrees of keratinization, or mucoepidermoid when 

mucus producing properties predominate. Invasion of stroma or other tissues 

was absent. The epithelium showed a positive reaction for keratin. 

Comment: Although histologically benign, epidermoid papillomas frequently 

cause the death of the hamsters, due to obstruction of the airways. 

-Carcinoma in situ. The entire thickness of the multilayered epithelium showed 

with malignancy associated cytological features such as severe atypia, 

pleomorphism and dyskeratosis. There was no evidence of stromal invasion. 

Occasionally some tendency of superficial stratification may be evident, 

although the cellular polarity was generally lost. 

-^idermoid carcinoma. The tumours existed of proliferating squamous cells 

arranged in trabeculae and sheets. In the moderately well or well differen

tiated tumours there was evidence of keratin formation and/or stratification. 

Also tumours mainly composed of densely packed relatively small basophilic 

cells, resembling basal cells, and no obvious keratinization occurred. In

vasion of the subepithelial tissues with disruption of the basal lamina was 

evident. There was no evidence of adeno-differentiation. If no obvious light-

microscopical signs of squamous differentiation were present the diagnosis 

"anaplastic carcinoma" was used for tumours of probably epithelial origin. 

Immunohistochemistry revealed generally a strong reaction for keratin. The 
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distribution over the tumour varied considerably. Generally the reaction was 

most pronounced in mature squeunous cells, whereas the smaller, less matured 

cells frequently showed a weak reaction, or no reaction at all. Also in less 

differentiated epidermoid carcinomas expression of keratin was observed, 

though not very pronounced and irregularly disposed. Electron microscopically 

(Becci, 197Θ) the tumour cells showed features of squamous differentiation, 

e.g. bundles of tonofilaments, desmosomes, sometimes keratohyalin granules, 

few mitochondria and a relatively poorly developed Golgi system and endoplas

mic reticulum. 

-Combined epidermoid and adenocarcinoma (CEAC). This type of neoplasm included 

tumours showing both squamous-and adenodifferentiation. The adenocomponent was 

characterized by the formation of glandular structures, papillary structures 

or intraepithelial alveoles or evidence of mucus secretion. The epidermoid 

component existed of proliferating squamous cells arranged in trabeculae, 

sheets and nests, frequently showing evidence of keratinization and/or strati

fication. Immunohistochemically most tumours showed a positive reaction for 

keratin. The reaction was most pronounced in the parts showing squamous dif

ferentiation. But also acinar structures that stained positive with AB-PAS, 

indicating mucus secretion, occasionally showed expression of keratin. 

Upon electron microscopy (Becci, 197Θ) evidence for adenodifferentiation was 

present, seen as well developed Golgi and endoplasmic reticulum, inter-and/or 

intracellular alveoli, secretory granules, numerous mitochondria and rela

tively poorly developed desmosomes. Tight junctions may be present when ex

tracellular alveoli are found. 

In CEAC the relative proportions of cells showing adeno-or squamous 

differentiation may vary considerably. For a more detailed diagnosis, neces

sary to detect a shift in the type of differentiation (squamous or aden

omatous), various types of CEAC can be distinguished (Becci, 1978): 

-type A -squamous component well differentiated, adenocomponent well differ

entiated. 

-type В -squamous component well differentiated, adenocomponent poorly differ

entiated. The tumour presents as an epidermoid carcinoma, but locally there is 

evidence of adenodifferentiation, seen as small intercellular alveoles or the 

presence of a few glandular structures. 

-type С -squamous component poorly differentiated adenocomponent well differ

entiated. In our material these tumours comprised "Subtype С I" (Becci, 197Θ) 
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with the gross glandular organisation maintained. The tumour presents as an 

adenocarcinoma, but evidence of focal squamous differentiation is present, 

seen as small nests of squamous cells or alveoles showing squamous differen

tiation and occasionally keratinization. Subtype С II, (Becci, 1978) repre

senting tumours where the gross glandular organisation was lost and type D 

(both squamous and adenocomponent poorly differentiated) were not diagnosed in 

our material. 

The classification of CEAC is dependent upon the relative amount of the 

various differentiation patterns but also on the degree of differentiation of 

each compound. No distinction between these quantitative and qualitative 

criteria is made. Thus, a particular compound is said to be poorly differen

tiated or poorly developed if it is present in small amount or if it shows 

cytological features of poor differentiation. 

Comment: When the classification criteria of Becci are strictly followed, in 

some cases electron microscopical examination is necessary to differentiate 

between a) the various types of CEAC and b) CEAC on the one hand and epider

moid carcinoma or adenocarcinoma on the other hand. This will especially be 

true when one or both components are poorly differentiated. Therefore subdivi

sion of the types А, В, С and D , as proposed by Becci et al is not always 

possible when light microscopy only is used. For practical reasons this clas

sification was slightly adapted in the sense that only light microscopically 

visible criteria for differentiation were taken into consideration. The use of 

histochemistry (AB-PAS) enables a more precise diagnosis. In practice the 

number of cases in which classification is difficult is relatively small. 

-Adenocarcinoma. The adenocomponent was characterized by the formation of 

glandular structures or papillary structures or evidence of mucus secretion. 

The squamous component was absent. Immunohistochemistry, restricted to a few 

cases, revealed that scattered cells lining the acini showed expression of 

keratin. However, most cells reacted doubtful or negative and only locally a 

more distinct reaction was observed. 
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Tumours arising from bronchiolar and alveolar epithelium 

-Bronchiolar/alveolar adenoma (adenoma is not mentioned in the classification 

of Becci (1978)). Bronchiolar/alveolar adenomas were localised in the peri

bronchiolar areas or in the periferal alveolar tissue. They represented benign 

tumours showing well defined margins, compression of the surrounding alveolar 

tissue (may be slight) and no or very slight inflammatory reaction. There was 

loss of alveolar structure and papillary projections of alveolar lining cells. 

The cells may fill the alveoli. It may be difficult to distinguish these 

tumours from more advanced cases of alveolar bronchiolisation, which is con

sidered as a precursor of bronchiolar/alveolar adenoma. In the rat the cells 

of similar tumours are of type II pneumocyte origin (Boorman, 1985). 

Bronchiolar/alveolar carcinomas of the lungs, showing malignant features, such 

as invasion, as described for the rat (Boorman, 1985) were occasionally ob

served in our hamsters. Most bronchiolo/alveolar tumours showed a weak reac

tion for keratin. 

Tumours arising from neurosecretory cells 

-Carcinoid. Tumours showing a mosaic arrangement of uniform small polygonal 

cells with round nuclei. Only two tumours were observed in our material that 

resembled the human carcinoid. In both tumours the pulmonary alveolar tissue 

contained many isolated nests and nodules of tumour cells. Immuno-

histochemically there was a negative reaction for keratin and S-100 protein. 

Electron-microscopically the typical "dense-core granules" have been described 

in a similar tumour found in a hamster (Becci, 1978). 

Tumours resembling the small cell anaplastic carcinoma as seen in humans were 

not observed in our hamsters. 

Tumours arising from connective tissue cells 

-Sarcoma (peritracheal sarcoma). The tumours were generally located in the 

peritracheal area. They consisted of tumour cells which ranged from round to 

spindle-shaped, or of a mixture of cells of various shapes. Cellular and 
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nuclear pleomorphism were a normal feature. Several sarcomas showed myxoid 

areas (Alcian blue positive) or necrotic areas. Mitoses were frequent. The 

tumours frequently invaded the mediastinum and the lungs. The negative reac

tion for keratin of all 13 sarcomas of various histological types which were 

tested, indicate that these tumours represent true sarcomas and probably not 

"spindle cell carcinomas" as have been reported upon intratracheal treatment 

of hamsters with N-methyl-N-nitrosourea (Stinson, 1983). The latter tumour 

type was reported to show distinct epithelial features upon electron micros

copy, despite the sarcomatous appearance upon light microscopy. 

Table 2. DISTRIBUTION OF TUMOUR TYPES OF 
844 BaP INDUCED RESPIRATORY TRACT TUMOURS 

number % 

Epidermoid papilloma 
Carcinoma in situ 
Epidermoid carcinoma 
Combined epidermoid 
and adenocarcinoma 

Adenocarcinoma 
Sarcoma 
Carcinoid 
Brochiolo/alveolar 
adenoma 

204 
30 
297 

193 
13 
32 
2 

73 

24 
4 
35 

22 
2 
4 
0.2 

9 

Comment on the immunohistochemical methods: 

The reactions for the ("wide-spectrum") keratin used are described above. 

Tumours with squamous differentiation generally showed a positive reaction, 

especially within mature keratocytes and the desquamated horn layer, but also 

glandular structures, occurring in combined tumours or adenocarcinomas, were 

occasionally positive, though to a distinctly lesser extent. In the normal 

respiratory tract epithelium, the squamous laryngeal epithelial cells and the 

tracheobronchial basal cells stained positive. 

In formalin-fixed control tissues of the hamster a positive reaction for S-100 

protein was noticed in chondrocytes, peripheral nerves, neurons in the brain 

and some types of mature squamous epithelium (oesophagus). The normal respir

atory tract epithelium did not stain with anti S-100 antibodies. The respir

atory tract tumours showed a variable reaction for S-100; although most 

tumours were negative, also a few tumours of various types showed distinctly 
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positive staining. Tumours involved were epidermoid carcinomas, combined 

tumours, adenocarcinomas and sarcomas. In the parts of the tumours showing 

squamous differentiation the reaction was generally located in the nature 

keratocytes, but also other cell types showed occasionally positive staining. 

Other methods performed on the formalin-fixed hamster tissues did not reveal 

convincing results and are, therefore, not described in this chapter. 

DISCUSSION 

Lesions induced in the hamster by intratracheal instillation of BaP range 

from metaplasia with increasing grades of atypia via carcinoma in situ to 

widespread invasive carcinoma. These tumours represent a range of closely 

related varieties, frequently showing an admixture of several cell types 

within one tumour; the borderline between these varieties is occasionally 

rather arbitrary. Using the above classification, which is largely based on 

the work of Becci and McDowell, the large majority of respiratory tract tu

mours could readily be classified. Only in a limited number of cases his-

tochemical staining reactions (AB-PAS) would have contributed to a better 

separation between the classes, especially with respect to the subclasses of 

combined epidermoid and adenocarcinomas (CEAC). 

The induced tumours resembled morphologically those frequently observed 

in humans. This similarity was also evident at the ultrastructural level 

(Becci, 197Θ). Comparison of the histogenetic classification and the clas

sification of the WHO, as also extensively commented by McDowell (1978), 

revealed that the majority of the tumours from our experiments fell into class 

I (epidermoid carcinoma) and class V (combined epidermoid and adenocarcinoma) 

or, to a much lesser extent class III (adenocarcinoma) of the WHO classifi

cation. Although occasionally areas were observed within a tumour that showed 

large, poorly differentiated cells, the histological picture resembling the 

human large cell solid carcinoma (WHO class IV) was not observed in our ma

terial. Other parts of these tumours always enabled the diagnosis of epider

moid carcinoma or combined epidermoid and adenocarcinoma. 

Some differences between the tumours in hamsters and those occurring in man 

are noticed. For example tumours of neuroendocrine origin are extremely rare 

in the hamster with the BaP model used. In our material two tumours resembling 

the human carcinoid were found. In humans carcinoid tumours represent 5-10% 
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and small cell anaplastic carcinomas 7-25% of the lung tumours (Robbins, 

1979). Also the pattern of growth and spread of the tumours shows differences 

between the two species. Although BaP-induced respiratory tract tumours in 

hamsters may have a remarkable potential for invasion, metastases appear to be 

very rare. In our studies occasionally involvement of mediastinal lymph nodes 

was observed. But metastases to extrathoracic organs were very rare, irrespec

tive of the fact that in most cases the major organs of the hamsters were 

examined microscopically and screened for the occurrence of metastases. This 

is contrary to the biological behaviour of most of the human lung tumours that 

generally metastasize to extrathoracic tissues. 

The immunohistochemical reaction of the hamster respiratory tract tumours 

for keratin resembled that observed in humans. Formalin-fixed and paraffin-

embedded specimens of human epidermoid carcinomas have been reported to show a 

strong reaction, but adenocarcinomas in the respiratory tract also stained 

variably with keratin antibodies, whereas adenocarcinomas arising in several 

other organs were generally negative (Schlegel, 1980). The fixation of the 

tissues is of crucial importance in this respect since methanol fixation or 

frozen sections allows cytokeratins to be demonstrated as a normal occurring 

component of adenocarcinomas of all types, though the reaction is less pro

nounced than in epidermoid carcinomas (Ramaekers, 1983). The formalin fixation 

of the hamster tumours of our studies, occasionally for periods up to several 

months, might be the reason that several immunohistochemical methods did not 

reveal convincing and reproducible results. It was, amongst others, not pos

sible to detect whether the hamster tumours showed expression of neuroen

docrine markers, as has been reported for human lung tumours of various types, 

including non-small cell anaplastic carcinomas (Dhillon, 1985; Bergh, 1985). 

The variable results obtained with S-100 protein accord with similar variable 

observations in human lung cancer (Dhillon, 1985), where squamous tumours 

generally showed a more pronounced reaction than did other types of lung 

cancer. 

Most of the hyperplastic and metaplastic lesions of the laryngeal and 

tracheobronchial epithelium, as described here, are non-specific and occur 

also as part of a toxic effect or an inflammatory reaction, or under some 

nutritional conditions such as severe vitamin A deficiency. Also alveolar 

bronchiolisation occurs as a general response to a variety of inhaled toxic 

substances including also non-carcinogenic compounds. However, the metaplastic 

changes induced by carcinogens are generally regarded as potential precursor 
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lesions of tumours. This holds especially for those metaplasias that show 

atypia and means that an increased incidence or severity of metaplasia might 

indicate a greater risk for tumours in a particular group of animals. However, 

not all of such lesions progress to true neoplasia. In our experiments the 

incidence and severity of the metaplastic changes was highest in the intercur

rent deaths, especially in those that died not too long after the instillation 

period. In animals that survived the experimental period metaplastic changes 

were relatively rare. These observations suggest that the metaplastic changes, 

appearing during and shortly after the treatment with BaP, largely regress. 

Only a limited number of metaplasias appear to progress to tumours. This 

accords with the findings of others who reported diminishing of metaplastic 

lesions with time (Nettesheim, 1981; 1982). Nevertheless, in a group with a 

high incidence of metaplasia, a larger number of metaplastic changes is avail

able to progress to tumours. Therefore in carcinogenicity studies the meta

plastic response should also be considered in evaluating the carcinogenic 

potential of the test substance, especially when also tumours have been in

duced that arise in the same tissue. Furthermore, one should take into account 

that the metaplastic response is time-dependent. So in case of differences in 

pattern of mortality between groups one should correct for these differences, 

e.g. by a mortality adjusted analysis. 

Inhalation of cigarette smoke revealed hyperplasia and atypical changes in the 

larynx of hamsters, that resembled the changes observed in our hamsters 

(Dontenwill, 1973). Heavy smokers show metaplastic changes in the bronchi 

which resemble those observed in the hamster bronchi and trachea after treat

ment with BaP. Also these changes appear to regress after cessation of smoking 

(Bertram, 1981). Other investigators reported hyperplasia of neuroendocrine 

cells upon treatment with diethylnitrosamine (Gould, 1982). There are no 

indications that these hyperplasias progress to tumours, however. 

The hamster is frequently used in experimental lung cancer research 

because of the absence of spontaneous lung tumours in this species and the 

relative resistance to lung infections. But also in the rat epidermoid car

cinomas can be induced using intratracheal instillation of BaP. In this 

species also small cell carcinomas have been reported to be induced with BaP 

(Blair, 1974). However, as far as we know, the neuroendocrine origin of these 

tumours has not been confirmed by electron microscopy or immunohistochemistry. 

Unfortunately, in the rat the respiratory tract cancer model with BaP and 

ferric oxide seems to be difficult to reproduce. Studies with Wistar rats as 
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well as Fisher 344 rats, performed in our institute revealed a very low tumour 

response (Beems, 1983; 1985). The same BaP - ferric oxide suspension revealed 

a high tumour response in the hamster. Perhaps the particle size of the sus

pension used plays a role in this discrepancy. From previous work it is known 

that the particle size plays a crucial role in the effectiveness of BaP as 

respiratory tract carcinogen (Feron, 19Ö0). Our results suggest that the rat 

needs a particle size different from that of the hamster. It appears worth-

while to improve the rat model, since it might be very useful in the research 

on nutrition and lung cancer. A lot of information is available on the in

fluence of a variety of nutritional factors on the rat physiology and metabo

lism, whereas such information is rather limited for hamsters. 

An adequate statistical analysis is of great importance for the inter

pretation of the results of carcinogenicity studies. Differences in mortality 

between the groups may provide misleading results if these differences are not 

taken into account in evaluating the results. For example, in a group with 

high mortality not due to compound-related tumours, the animals have "less 

time" to develop tumours, thus misleadingly suggesting reduced tumorigenesis 

as compared with the groups showing normal mortality. Several statistical 

methods for the analysis of tumour incidences are available to correct for 

differences in mortality (Peto, 1980; Gart, 1979). Tumours that cause the 

death of the animals (fatal tumours) should be treated separately from those 

that were found in animals that obviously died from other causes (incidental 

tumours). The method of Gart et al supposes that tumours of a certain type are 

considered either fatal in all cases or incidental in all cases. Though this 

may be true for certain tumour types occurring in rodents, it is probably not 

the most ideal approach for tumours of the respiratory tract. In the respir

atory tract of the hamster the biological malignancy largely depends upon the 

location and the size of the tumours, and to a lesser extent upon the his

tological malignancy. For example the benign tracheal papillomas are a fre

quent cause of death, due to obstruction of the airways. In the method of Peto 

et al it is indicated for each individual tumour whether that tumour is fatal 

or incidental. Some criticism is possible on this procedure, since it is 

questionable in how far the decision of fatal or incidental can always be made 

in a meaningful way, and which criteria should be used. In each chronic ex

periment there are examples of surviving animals that, upon terminal autopsy, 

show (thus incidental) tumours that certainly would have been designated as 

fatal when the animal had died intercurrently. Other animals die without any 
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detectable changes that reasonably could represent a fatal condition. More

over, there is the problem of animals showing multiple pathological abnor

malities, disclosing a variety of possible causes of death, whereas, for 

statistical reasons, only one fatal condition per animal can be indicated, 

Irrespective of these shortcomings the approach of Peto et al was considered 

to be the best that is available now. In this respect it is even conceivable 

that respiratory tract tumours can relatively easily be classified as fatal or 

incidental, as compared with most other types of tumours or diseases. In case 

of respiratory tract tumours the fatal character is frequently evidenced by 

distinct clinical symptoms, such as respiratory distress or cyanosis, occur

ring preterminally. Frequent examination of the animals and an adequate regis

tration of clinical symptoms is of great help, and should always be taken into 

account in this respect. 

It was concluded that the BaP-induced respiratory tract tumour model in 

hamsters, developed by Saffiotti (1968) together with a histogenetic tumour 

classification based on the work of Becci (1978) and subsequent statistical 

analysis of the results by the method of Peto (1980) provides a good model for 

the investigation of factors that modify carcinogenesis in the respiratory 

tract. 
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Fig 1 and 2 Metaplasia, transitional type, trachea, no obvious stratificatior 
of surface cells, no keratinization, HE, (obj 25x). 
Fig 3 Squamous metaplasia, trachea, stratification of superficial layers, no 
or minimal keratinization, HE, (obj 25x). 
Fig 4 Keratinizing squamous metaplasia, trachea, HE, (obj 25x). 
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Fig 5 Carcinoma in situ, trachea, severe dysplasia, dyskeratosis, HE, ( 
25x). Fig 6 Epidermoid papilloma, trachea, papillary growth pattern, 
invasion, HE, (obj 2.5x). 
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Fig 7 Epidermoid papilloma, detail from tumour shown in figure 6, regular 
maturation, HE, (obj 25x). Fig 8(A) Well differentiated epidermoid carcinoma, 
trachea, marked keratinization, HE, (obj lOx). U5| Detail, pattern of 
regular epithelial maturation maintained, HE, (obj 25x). Fig 9 Detail from a 
well differentiated epidermoid carcinoma, HE, (obj 25x). 
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Fig 10(A) Moderately differentiated epidermoid carcinoma, bronchus, pattern 
of regular epithelial maturation not distinct, HE, (obj lOx). jB) Detail 
from tumour shown in fig 10(A), HE, (obj 25x). Fig 11(A) Poorly differen
tiated carcinoma, lung, pleomorphism of tumour cells, HE, (obj 25x). 
(B) Spindle cell area within the same tumour, HE, (obj 25x). 
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Fig 12(А) Combined epidermoid and adenocarcinoma, both epidermoid and adeno-
component well differentiated, HE, (obj lOx). (B and C) details from the 
same tumour, showing acinar formations and evidence of epidermoid differentia
tion, HE, (obj 25x). (D) Combined epidermoid and adenocarcinoma showing 
positive staining with Alcian blue-PAS, (obj lOx). 
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Fig 13(A) Combined epidermoid and adenocarcinoma with well differentiated 
adenocomponent and poorly differentiated epidermoid component, lung, HE, (obj 
lOx). П5| detail from the same tumour, HE, (obj 25x). |C| detail from the 
same tumour showing an area of epidermoid differentiation, HE, (obj 25x). 
Fig 14 Adenocarcinoma, bronchus, acini containing Alcian blue and PAS posi
tive material, HE, (obj 25x). 
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Fig 15(A) Combined epidermoid and adenocarcinoma, positive reaction for 
cytokeratin, mainly in mature keratocytes, (obj lOx). |B2 Positive reaction 
for cytokeratin in an area with glandular structures in the same tumour, (obj 
lOx). Fig 16(A) Вronchiolar/alveolar adenoma, located peripherally, HE, (obj 
lOx). (B) Detail from tumour shown in fig 16(A), HE, (obj 25x). 
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Fig 17 Adenocarcinoma of probably bronchiolar/alveolar origin, peripheral 
lung, HE, (obj 25x). Fig 18 Adenocarcinoma of probably bronchiolar/alveolar 
origin showing a papillary pattern of growth, lung, HE, (obj 25x). 
Fig 19(A) Carcinoid-like tumour, small uniform cells arranged in nests, HE, 
(obj lOx). {B} detail from carcinoid-like tumour, HE, (obj 25x). 
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20 Sarcoma, peritracheal area and lung, spindle cell type, HE, (obj 25x), 
21 Sarcoma, peritracheal area and lung, round cell type, HE, (obj 25x). 
22 Sarcoma, peritracheal area and lung, small cell type, HE, (obj 25x). 
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CHAPTER 2 

MODIFYING EFFECT OF DIETARY FAT ON BENZO(A)FYRENE INDUCED 

RESPIRATORY TRACT TUMOURS IN HAMSTERS. 

R.B.Beems and t . van Beek. 

INO-CIVO Toxicology and Nutrition Institute, 
P.O.Box 360, 3700 AJ Zeist, The Netherlands. 

Carcinogenesis 5 (1984) 413-417. 

ABSTRACT 
Groups of 40 Syrian golden hamsters of both sexes were fed diets containing 
either 5% fat (control), 20% saturated fat (beef tallow) or 201 unsaturated 
fat (sunflower seed oil) from weaning and during the whole experimental period 
(up to 656 days). Respiratory tract tumours were induced by intratracheal 
instillation of benzo(a)pyrene attached to ferric oxide and suspended in 
saline. Mortality was slightly, but not statistically significantly higher in 
the high fat groups than in the low fat control group. Microscopic examination 
of the respiratory tract revealed an increased number of tumour bearing 
animals, an increased multiplicity of respiratory tract tumours and an in
creased total number of respiratory tract tumours in animals fed high fat 
diets. The tumour enhancing effect of fat was most pronounced in the high 
unsaturated fat group. Especially epidermoid papillomas, epidermoid carcinomas 
and combined epidermoid and adenocarcinomas contributed to the observed dif
ferences in tumour response amongst groups. It was concluded that dietary fat 
enhances benzo(a)pyrene induced respiratory tract carcinogenesis in hamsters. 

INTRODUCTION 

Several experimental studies have shown that high dietary fat intake 

increases the incidence and decreases time-to-tumour appearance of spontaneous 

tumours as well as induced tumours of various types. Dietary fat has been 

shown to modify the development of pancreas tumours in rats and hamsters 

(4,27) mammary gland tumours in rats (9,17,18), skin tumours in mice (35), 

colon cancer in rats (26) and liver tumours in rats (21). 

Studies on the possible role of dietary factors in respiratory tract 

carcinogenesis are largely lacking, except for the role of vitamin A that has 

been studied rather extensively. A doubtful indication of a fat mediated 

enhancement of lung tumours in experimental animals was provided by Szepsenwol 

(30). He fed extracted egg lipids to mice and found a considerable increase in 

spontaneous lung tumours. It is not clear whether the increase was due to the 

fat or to other components present in the ether extract. No studies have been 

found in literature on the possible modifying effect of dietary fat on chemi

cally induced lung cancer in experimental animals. 
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The present study, which was conducted as part of a project on modifying 

effects of nutritional factors on chemically induced respiratory tract cancer 

in laboratory animals, concerns the effect of dietary fat on the respiratory 

tract tumour response of hamsters treated with benzo(a)pyrene. 

MATERIALS AND METHODS 

Weanling Syrian golden hamsters were obtained from the Central Institute 
for the Breeding of Laboratory Animals TNO, Zeist, The Netherlands. They were 
kept on sterile saw dust in macrolon cages, 2 hamsters per cage, under stan
dard conventional laboratory conditions. The hamsters were fed a low (5%) fat 
control diet, a high unsaturated fat diet (20% sunflower seed oil incorp
orated) or a high saturated fat diet (20% beef tallow incorporated). The diets 
were compounded from natural feed ingredients and contained equal amounts of 
protein, minerals, trace elements and vitamins per unit energy. For this 
purpose the percentage contents of these nutrients in the high fat diets had 
to be increased which, just as the incorporation of the test fat, could only 
be achieved at the expense of some of the carbohydrate sources. The percentage 
composition of the diets is given below, the percentages of the high fat diets 
in parentheses when different from the control diet. Soya bean-oil meal 13% 
(24%), corn meal 29.4% (4.5%), wheat meal 11% (0%), instant wheat product 15%, 
pregelatinised starch 10%, fish meal 6% (7.5%), meat scraps 3% (3.75%), 
brewer's yeast 3% (3.75%), grass meal 4% (5%), whey powder 2% (2.5%), steamed 
bone meal 0.4% (0.5%), trace-mineralised salt 0.5% (0.6%), vitamin preparation 
(А В D Ε К) 0.5% (0.65%), choline chloride 0.2% (0.25%), soya bean oil 2% and 
for the high fat diets also sunflower seed oil 20% or beef tallow 20%. The fat 
content and the energy density of the diets are summarised in table I. Diets 
were provided ad libitum during the whole experimental period, starting from 
weaning. Each dietary group consisted of 40 male and 40 female hamsters. The 
hamsters were allocated to the different groups by a computerised randomiza
tion procedure. After an adaptation period of two months on the diets, all 
hamsters were instilled intratracheally with 4 mg benzo(a)pyrene and 4 mg 
ferric oxide suspended in saline once weekly for 15 weeks as described by 
Saffiotti et al (28). Body weights and food intake were recorded periodically. 
The hamsters were checked twice daily and moribund animals were sacrificed. 
Terminal autopsy was on day 512 for females and on day 656 for males, when the 
survival rate in the group with the highest mortality was about 25%. After 
thorough necropsy, the respiratory tract and the major organs were fixed in 
10% buffered formalin, processed for histology by conventional methods, sec
tioned and stained with hematoxylin and eosin and in some cases with periodic 
acid-Schiff and Alcian blue (AB-PAS). Animals showing advanced autolysis and 
animals that died during the instillation period or very early in the experi
ment were excluded since they were considered not to have been at risk for 
respiratory tract tumours. For statistical analysis of the tumour data, the 
Fisher's exact test, and the methods described by Thomas et al (33), Gart et 
al (12) and Peto et al (24) were used. 
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TABLE I. FAT, PROTEIN AND ENERGY CONTENT OF THE DIETS 

DIETARY FAT SOURCES: 

LCW FAT 
CONTROL 

SOYA BEAN OIL (% weight) 
BEEF TALLCW (% weight) 
SUNFLOWER OIL (% weight) 

BY ANALYSIS: 
TOTAL FAT (% weight) 
FATTY ACIDS: 
18:0 (% weight) 
18:1 
18:2 
18:3 

PROTEIN (% weight) 

CALCULATED: 
ENERGY CONTENT OF 
THE DIET (kJAg) 
TOTAL FAT (% energy) 

2 
0 
0 

1) 
5 

0.2 
1.3 
2.1 
0.3 

18 

13600 
14 

HIGH FAT 
SATURATED 

2 
20 
0 

22 

4.5 
7.5 
2.4 
0.4 

21 

16800 
50 

HIGH FAT 
UNSATURATED 

2 
0 
20 

22 

1.1 
5.3 

10.7 
1.9 

21 

16800 
50 

1) 3% fat was considered to be supplied by dietary (mainly 
vegetable) constituents, other than the fat sources used. 

RESULTS 

Mean body weights of hamsters fed high fat diets were distinctly higher 

than those of the low fat control group throughout the experimental period 

(Figure 1). The difference was most pronounced for the unsaturated fat group. 

Generally weekly food consumption of high fat animals was lower than that of 

low fat controls. The average food consumption over the whole experimental 

period was higher in animals fed unsaturated fat than in those fed saturated 

fat (table II). Similarly, energy intake was higher in animals fed unsaturated 

fat than in animals fed saturated fat and relatively low in controls. 

Throughout the experimental period mortality was increased in the high fat 

groups, especially in the unsaturated fat group, as compared to the low fat 

animals. The differences were not statistically significant when analysed 

using trend and homogeneity analysis (12,33). 

Autopsy findings observed in animals that died or were killed in extremis 

or terminally included alopecia, dark discoloured lungs, cystic livers, in

flammatory changes of mouth, neck or viscera, and occasionally small tumorous 

nodules in trachea or bronchi. The gross changes were eibout randomly 
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• -.HIGH UNSATUBATED FAT 

FEMALES 

Figure 1. Mean body weights. 

distributed amongst the controls and the high fat groups. 

Microscopic examination revealed a variety of tumours, and metaplastic 

and hyperplastic changes in the respiratory tract of most hamsters. Since the 

occurrence of these types of respiratory tract lesions in untreated control 

hamsters is very rare, they were considered to be due to the instillation of 

benzo(a)pyrene. 

The number of animals bearing respiratory tract tumours was increased in 

each of the high fat groups as compared to the low fat group (table III). The 

increase was most pronounced in animals fed unsaturated fat and occurred both 

in males and females. The difference was statistically significant (Fisher's 

test) for males fed unsaturated fat and for males and females together of the 

unsaturated fat group. The number of animals bearing multiple respiratory 

TABLE II. MEAN FOOD AND ENERGY INTAKE AND FOOD CONVERSION EFFICIENCY 

MALES FEMALES 
FOOD ENERGY FCE FOOD ENERGY FCE 

LCW FAT CONTROLS 

HI«! SATURATED FAT 

HIGH UNSATURATED FAT 

46.7 772.8 0.12 56.7 952.6 0.13 

42.4 890.4 0.18 50.9 1068.9 0.19 

44.9 942.9 0.18 54.4 1142.4 0.19 

food intake in g/hamster/week, energy intake in kJ/hamster/Veek and 
FCE = food conversion efficiency for the first 28 days of the 
experiment (g weight gain/g food consumed) 
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tract tumours was increased both in males and females fed high fat diets. The 

difference with the low fat group was statistically significant for females 

and for the figures of both sexes taken together (Fisher's test). The total 

number of induced tumours was distinctly higher in the high fat groups, espe

cially in the unsaturated fat group, than in the low fat control group. 

These tumour data were also statistically analysed using trend and 

homogeneity analysis of proportions and life table data (12,33), enabling 

adjustment for differences in mortality and time of appearance of tumours. The 

difference in number of tumour bearing males between the low fat group and the 

high unsaturated fat group was statistically significant (mortality-adjusted 

analysis with Cox's test, P=0.045) In females, the difference between low fat 

and high unsaturated fat hamsters approached statistical significance 

(mortality-adjusted generalized Kruskal-Wallis analysis, P=0.088). For fatal 

tumours the difference between low fat and high unsaturated fat females was 

statistically significant (mortality-adjusted generalized Kruskal-Wallis 

analysis, P=0.044). When the tumour data of both sexes were taken together the 

difference between the controls and the high unsaturated fat group was also 

statistically significant (mortality-adjusted analysis with Cox's test, 

P=0.008). When analysed according to Peto et al (24) the respiratory tract 

tumour incidences showed a positive trend due to treatment and the dietary 

groups showed significant heterogeneity (sum of standard method and prevalence 

method analysis, for trend P=0.003 and for heterogeneity P~0.021). 

The differences in tumour response were mainly due to increased 

incidences of epidermoid papillomas, epidermoid carcinomas and combined epi

dermoid and adenocarcinomas. Although the largest differences in tumour 

response between dietary groups were observed in the trachea and bronchi, 

differences in tumour response of the larynx and lungs also contributed to the 

increased total tumour incidences in high fat animals. 

Preneoplastic lesion in the respiratory tract (epidermoid metaplasias, 

dysplastic changes and proliferation of peritracheal glands) followed the same 

trend as the tumours (table III). For males and for both sexes together the 

difference between the low fat group and the unsaturated fat group was statis

tically significant (Fisher's test). 

In order to establish a possible relationship between body weight and 

risk for respiratory tract cancer, the mean body weights of tumour bearing 

animals were compared with those of animals without respiratory tract tumours 
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TABLE III. SUMMARY OF RESPIRATORY TRACT TUMOURS AND PRENEOPLASTIC LESIONS 

DLCW 

INITIAL NUMBER OF ANIMALS 

ANIMALS AT RISK 

TUMOUR BEARING ANIMALS 

ANIMALS WITH MULTIPLE 
TUMOURS 

2) 
TOTAL NUMBER OF TUMOURS 

3) 
TYPES OF TUMOURS : 

EPIDERMOID PAPILLOMA 

EPIDERMOID CARCINOMA 

COMBINED EPIDERMOID AND 
ADENOCARCINOMA 

ADENOCARCINOMA 

ADENOMA 

SARCOMA 

PERCENT OF ANIMALS WITH 
PRENEOPLASTIC LESIONS 

40 

33 

10 

1 

11 

2 

6 

1 

0 

1 

1 

50 

MALES 
SAT 

40 

32 

14 

4 

19 

7 

6 

3 

1 

1 

1 

58 

UNS 

40 

27 

17* 

5 

23 

9** 

11* 

3 

0 

0 

0 

83** 

LCW 

40 

40 

16 

2 

18 

5 

9 

3 

0 

1 

0 

72 

FEMALES 
SAT 

40 

38 

20 

8* 

29 

13 

13 

1 

0 

1 

1 

74 

UNS 

40 

37 

22 

8* 

31 

12* 

10 

9* 

0 

0 

0 

83 

BOTH SEXES 
LOW 

80 

73 

26 

3 

29 

7 

15 

4 

0 

2 

1 

62 

SAT 

80 

70 

34 

12** 

48 

20** 

19 

4 

1 

2 

2 

67 

UNS 

80 

64 

39** 

13** 

54 

21*** 

21 

12* 

0 

0 

0 

83** 

-Significance of differences in a pairwise Fisher's test (one-tailed) between 
the low fat controls and the high fat groups : * P<0.05/ ** P<0.01, 
*** P<0.001 

1) LCW » low fat (control), SAT = high saturated fat, 
UNS • high unsaturated fat. 

2) The total number of tumours was not analysed with Fisher's test since 
several animals bore more than one tumour. 
3) The number of animals bearing these tumour types in the respiratory tract 

is given. 

at various time intervals. The figures did not indicate any relevant and 

consistent differences in body weights between tumour bearing and non-tumour 

bearing hamsters at any of the time intervals. 

Lesions at sites other than the respiratory tract were also influenced by 

dietary fat. In males both the number of animals bearing non-respiratory tract 

tumours and the total number of primary non-respiratory tract tumours was 

higher in the high fat groups than in the controls (table IV). In females the 
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TABLE IV. INCIDENCE OF TUMOURS AT SITES OTHER THAN THE RESPIRATORY TRACT 

1) 

NUMBER OF ANIMALS 
AT RISK 

NUMBER OF ANIMALS WITH 
TUMOURS 

TOTAL NUMBER OF TUMOURS 

LCW F 

33 

7 

β 

MALES 
SAT F 

32 

10 

11 

UNS F 

27 

11* 

11 

LCW F 

40 

4 

4 

FEMALES 
SAT F UNS F 

38 

10 

11 

37 

5 

8 

BOTH 

LOW F 

73 

11 

12 

SEXES 
SAT F UNS F 

70 64 

20* 16 

22 19 

-Significance of differences in a pairwise Fisher's test (one tailed) 
between the low fat controls and the high fat groups : * P<0.05 . 
The total number of tumours was not statistically analysed since some 
animals bore more than one tumour. 

1) LCW F = low fat (control), SAT F » high saturated fat, 
UNS F = high unsaturated fat. 

number of animals bearing tumours at sites other than the respiratory tract 

was about equal in the control and the unsaturated fat group, but higher in 

the saturated fat group. The total number of primary non-respiratory tract 

tumours was increased in both fat groups in this sex. When analysed using the 

method of Peto et al (24) the differences amongst the groups appeared to be 

due to the dietary fat (sum of standard method and prevalence method analysis, 

for heterogeneity P=0.031). The most frequent tumour type was the adrenal 

cortical adenoma. Other tumours, such as hepatocellular carcinomas, granulosa-

cell tumours of the ovaries, thyroid adenomas and poorly differentiated sar

comas in the abdominal cavity occurred only occasionally. In females, the 

incidence of amyloidosis in kidneys, liver, spleen and adrenals was distinct

ly, and in most cases statistically significantly decreased in animals fed 

high fat diets. In males this effect was not seen, probably since the overall 

incidence of amyloidosis was much lower in males than in females. Mineral

isation of the kidneys occurred more frequently in both high fat groups and in 

females the incidence of cystically dilated follicles in the thyroid was 

increased in the high unsaturated fat group. 

DISCUSSION 

The results of the present study indicate that high fat diets enhance 

benzo(a)pyrene induced lung tumorigenesis in hamsters. The differences in 
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tumour response are mainly due to increased incidences of epidermoid papil

lomas, epidermoid carcinomas and combined epidermoid and adenocarcinomas, 

especially in the trachea and bronchi. Also preneoplastic respiratory tract 

lesions are influenced by fat. High unsaturated fat was slightly more effec

tive in enhancing the tumour response than was saturated fat. The relevance of 

the tumour enhancing effect of fat is also emphasized by the increased mor

tality in the high unsaturated fat group. One would expect lower and not 

higher tumour incidences in this group since the period for developing tumours 

was shorter for these animals. The multiplicity of the respiratory tract 

tumours was considerably increased in animals of both sexes fed high fat 

diets. Although this finding is difficult to interpret, it might point to an 

increased susceptibility of certain animals for the modifying effect of fat. 

Since in the present study the feeding of the fat diets was started before 

carcinogen treatment and lasted for life no conclusions can be drawn as to the 

stage of the process of carcinogenesis that is influenced by fat. 

Studies concerning the modifying effect of dietary fat on chemically 

induced lung cancer have so far never been reported. However, the results of 

the present study are in accordance with observations that dietary fat en

hances the development of chemically induced mammary gland cancer in rats 

(9,17,18), pancreas cancer in rats (27) and in hamsters (4) and colon cancer 

in rats (26). Similar to the present study unsaturated fat appeared to be more 

effective in enhancing carcinogenesis than saturated fat, as was indicated by 

experiments on mamary gland cancer in rats (6,7). Also our results on non

respiratory tract tumours indicate a general enhancing effect of dietary fat 

on tumour development. 

Theoretically there are several ways by which dietary fat might modify 

the lung cancer response. Nutritional factors appear to influence the activity 

of drug metabolising enzymes which are mainly present in the liver but also in 

the lungs (1,5). The metabolism of benzo(a)pyrene is strongly dependent on the 

lipid composition of the diet. Particularly high levels of polyunsaturated fat 

and the presence of lipid peroxides enhance the rate of metabolism (14,16). 

This might lead to an altered balance between activating and deactivating 

reactions which may be of crucial importance in the process of chemical 

carcinogenesis. 

Also, nutrition can modify the immune system (2,3,15) which is an impor

tant factor in the growth and spread of tumours. Especially diets high in 
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polyunsaturated fat depressed immunity in rats (16,19,34). This might in

directly lead to increased cancer incidences (22,23). 

Other possible mechanisms include effects of dietary fat on the endocrine 

system (25), membrane fatty acid composition and membrane function (16), 

prostaglandin production and interactions with other dietary factors. 

The present study does not provide indications by which of the aforemen

tioned mechanism fat is able to influence respiratory tract carcinogenesis. 

Perhaps the modifying effect involves a multifactoral process. In this respect 

it should also be considered that in experimental mammary carcinogenesis 

(8,11) and skin carcinogenesis (31) fat appears to act in the promotional 

phase. 

From the food intake figures and the energy density of the diets it 

appeared that the hamsters fed high fat diets consumed less food but more 

energy than did the low fat controls. The food intake figures were higher in 

the unsaturated fat group than in the saturated fat group. In the literature a 

reduced incidence has been reported by dietary restriction of both spontaneous 

and induced lung tumours in mice (10,13,20,32). One might speculate that 

dietary excess leads to increased tumour incidences. Therefore it cannot be 

excluded that the difference in tumour response was partly due to the rela

tively high energy intake of the high fat animals. On the other hand, in the 

present study the risk of individual animals for developing a lung tumour was 

not related to increased body weights during the experimental period, and thus 

perhaps also not associated with caloric intake. 

In man, smoking of cigarettes is the major causative factor for bron

chogenic lung carcinoma. In epidemiological studies hardly any attention has 

been paid to the role of dietary fat in the etiology of lung cancer. However, 

a closer inspection of epidemiological studies reveals slight indications that 

high dietary fat consumption is possibly associated with lung cancer in males 

(8) and females (29). These indications should be considered with caution 

since the studies were not specifically set up to investigate lung cancer but 

included a large variety of cancers and populations. Moreover the figures were 

not corrected for possible differences in smoking habits of the populations 

examined. 

Epidemiology and experiments with laboratory animals clearly indicate 

that the incidence of several types of cancer is modified by dietary fat. The 

results of the present study suggest 
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that chemically induced respiratory tract cancer is also sensitive to dietary 

fat. The working mechanism is not yet known but probably multiple, fat depend

ent factors such as metabolic activation, membrane changes, immune status and 

hormone levels contribute to the modifying effect. These factors deserve 

further exploration in relation to lung carcinogenesis. It is of interest that 

the diet consumed by man in the western world resembles more the high fat 

diets used in the present study than the low fat control diet. One might 

speculate that, if dietary fat exerts a similar modifying effect in man as in 

hamsters, reduction of fat intake might lead to a reduction of lung cancer in 

man. 
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CHAPTER 3 

SHORT TERM (6-WEEK) ORAL TOXICITY STUDY OF SELENIUM IN SYRIAN HAMSTERS 

R.B.Beems and L.van Beek 

ΊΝΟ-CIVO Toxicology and Nutrition Institute, 
P.O.Box 360, 3700AJ Zeist, The Netherlands 

Fd. Chem. Toxic. 23 (1985) 945-947. 

ABSTRACT 
The subacute toxicity of selenium was tested by feeding sodium selenite to 
Syrian hamsters at dietary levels of 0.1, 1, 5, 10 and 20 ppm Selenium, for 42 
days. General health, survival and organ weights were not adversely affected 
at any of the dose levels. Weight gain and food intake were relatively low in 
males fed the highest dose level. The differences from the control values were 
not statistically significant and there was no similar effect in females. 
Hamsters fed 10 or 20 ppm selenium retained considerably higher levels of 
selenium in the livers than did the controls. Microscopic examination of the 
liver revealed degenerative changes in males and females in the 20 ppm group. 
The no-toxic-effect level of selenium fed in the diet for 42 days to Syrian 
hamsters was found to be 10 ppm, equivalent to an intake of about 0.7 mg 
selenivmv/kg body weight/day. 

INTRODUCTION 

Increasing attention is being paid to the effect of selenium (Se) on 

chemically induced carcinogenesis. Se acts as a scavenger of free radicals. As 

an integral component of glutathion peroxidase, it is also involved in the 

destruction of hydroperoxides. Animal experiments have pointed to an inverse 

association between dietary Se intake and the risk of several types of cancer. 

The types of induced tumours involved in these studies were chemically induced 

murine mammary tumours (Thompson, 1984), colon and lung tumours in rats (Birt, 

Lawson, Julius et al., 1982) and subcutaneous sarcomas in mice (Witting, 

Witting & Krieg, 1982). Virus induced mammary tumours in mice were also 

inhibited by Se (Medina, Lane & Shepherd, 1981). 

The Syrian hamster is used in several animal models for tumour induction. 

These include the benzo(a)pyrene model for lung tumours (Saffiotti, Cefis & 

Kolb, 1968) and the N-nitrosobis(2-oxopropyl)amine (BOP) model for pancreas 

tumours (Pour, Althoff, Kruger & Mohr, 1977). We are currently investigating 

the effect of Se on chemically induced respiratory tract tumours in hamsters. 

However, data on the toxicity of Se in hamsters are scarce and therefore the 

present study was conducted in order to set a dose level for performing a 

chronic study in hamsters. 
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EXPERIMENTAL 

Animals. Weanling Syrian hamsters were obtained from The Central Institute for 
the Breeding of Laboratory Animals, INO, Zeist, The Netherlands. They were 
housed in Macrolon cages on sterile saw dust, 4 hamsters a cage, under 
standard conventional laboratory conditions. 
Diet. The composition of the pelleted semisynthetic diet is given in Table 1. 
The basal diet was supplemented with sodium selenite, obtained from E. Merck 
AG, Darmstadt FRG, to provide dietary Se concentrations of 0.1 (unsupplemented 
control), 1, 5, 10 and 20 ppm. Each diet was fed ad libitum for 42 days to 
groups consisting of 8 male and θ female hamsters. Individual body weights and 
food intake per cage were recorded weekly. 

Autopsy and fluorescence spectrometry. On day 42 all hamsters were killed and 
the liver, kidneys, spleen and thymus were weighed. These organs and the 
heart, testes, epididymides, mesenteric lymph nodes, intestines and lungs were 
processed histologically by conventional methods and examined microscopically. 
Samples of the liver and kidneys and of the experimental diets were analysed 
for Se using fluorescence spectrometry. 

Table 1. Composition of the basal diet 

Component Conen (%) 

Casein 
Isolated soyprotein 
DL-Methionine 
wheat starch 
Pregelatinized starch 
Cellulose 
Minerals 1) 
Additional KH

2
PO 

Vitamin ADEK preparation 2) 
Vitamin В mixture 3) 
Choline chloride (50%) 
Soybean oil 

8.0 
12.0 

0.2 
38.55 
20.0 
10.0 
4.5 
0.6 
0.45 

0.3 
0.4 
5.0 

1) The mineral mixture supplies in the diet (in mgAg): КН
2
РО , 15910; СаСО

э
, 

17100; NaCl, 5850; MgSO , 4500; FeSO .7Н
2
0, 1350; ZnCl,, 45; CaSO .5H

2
0, 

20; MnSO .HjO, 180; CoClj.öHjO, 4.5; KI, 36. 
2) The vitamin A, D, E and К preparation provides (per kg diet): 3000 IU 

vitamin A acetate + 3000 IU vitamin A palmitate; 3750 IU vitamin D,; 4.5 mg 
vitamin E; 12 mg vitamin К

5
. 

3) The vitamin В mixture provides (inmg/kg): thiamin/HCl, 30; riboflavin, 
22.5; pyridoxin.HCl, 9; niacin, 135; Ca pantothenate, 60; biotin, 0.9; 
folic acid, 3; vitamin В

1 г
, 0.015; Inositol (incorporated in the viteunin В 

mixture), 150. 

A aqueous sucrose solution 35% sucrose) was added to the basal diet, at a 
level of 5%, as a binding agent. 
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RESULTS AND DISCUSSION 

No deaths or abnormal condition or behaviour were observed in any of the 

treated or control groups. Body weight gain in males was slightly lower in all 

the treatment groups than in the control group (0.1 ppm) and corresponded 

roughly to the differences in the mean intakes of food by the various groups 

(table 2). The lowest gain in body weight and the lowest food intake were seen 

at the highest dose level (20 ppm). In the females no such trend was seen. The 

mean absolute and relative weights of the kidneys, liver, spleen and thymus 

did not differ from those of the control group. The Se levels in the liver and 

kidneys increased with increasing dose levels in the 5-,10- and 20-ppm groups 

(Table 2), the increase at 10 and 20 ppm being considerably greater in the 

liver than in the kidneys. 

Gross examination at autopsy did not reveal any treatment-related 

abnormalities. However, microscopic examination revealed changes in the liver 

of most males and females in the 20-ppm group. These changes were 

characterized by oval cell proliferation in the periportal areas, enlargement 

of hepatocytes and of hepatocellular nuclei mainly in the centrilobular areas, 

necrosis both of individual cells and of foci of liver cells and accumulation 

of brown pigment within macrophages located in the periportal regions and 

occasionally within individual hepatocytes. Special staining methods showed 

the brown pigment to consist of lipofuscin and, to a slightly lesser extent, 

of haemosiderin. The other organs examined microscopically did not show any 

treatment-related changes. 

On the basis of these results it was concluded that the no-toxic-effect 

level of Se in Syrian hamsters was 10 ppm when fed in the diet for 42 days. 

This is equivalent to an intake of about 0.7 mgAg body weight/day. 

Under these experimental conditions, liver pathology appears to be a 

better index of Se intoxication than are body weight and food intake. As far 

as we know, histopathological changes brought about by feeding Se have not 

been described in the hamster. In a 21-day study with Syrian hamsters, reduced 

growth was reported at a dietary Se level of 10 ppm (Julius, Davies & Birt, 

1983). However, in contrast with our present study, liver changes were not 

observed, even at dietary levels up to 80 ppm. This may have been due to the 

shorter exposure to Se - 21 days as opposed to the 42 days in our study. This 

assumption is supported by the observation that the liver Se levels were 

distinctly higher in our study (up to 23 ppm) than in the study of Julius et 
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Table 2. Effect of selenium on body-weight gain, food intake and 
tissue levels of selenium in Syrian hamsters 

Se in the ι 

Calculated 

0.1 
1 
5 
10 
20 

0.1 
1 
5 
10 
20 

diet (ppm) 

Analysed 

0.1 
1.5 
4.5 
9 
18 

0.1 
1.5 
4.5 
9 
18 

Se intake 

(mgAg/day) 

0.007 

0.10 
0.31 
0.61 

1.21 

0.007 
0.10 
0.30 
0.63 

1.26 

Weight 
gain 

(9) 

MALES 

38 
34 
34 
34 
31 

FEMALES 

47 
44 
42 
45 
44 

Food 
intake 1) 
(g/week) 

40 
36 
36 
36 
35 

43 
41 
40 
42 
43 

Se levels (ppm) 

liver 

1.3 
1.3 
2.8 
15 
19 

1.1 
1.2 
2.1 
17 
23 

kidneys 

0.9 
1.0 
1.4 
1.6 
2.0 

1.4 
1.3 
2.5 
2.3 
3.6 

1) Overall means for the whole experimental period. 
Body-weight and food intake figures did not show any statistically 
significantly differences from controls using (co)variance analysis 
and Dunnett's test. 

al (1983), in which 10 ppn was found in the liver in animals given a dietary 

level of 80 ppm. The relatively short exposure time is probably not the only 

explanation for the low liver Se levels observed by Julius et al, because in a 

25-week study in Syrian hamsters the liver Se level did not exceed 1.14 ppn at 

dietary levels up to 10 ppn Se (Birt, Julius, Runice & Sayed, 1983). This is 

less than one tenth of the values observed in our study at a comparable 

dietary Se level. Birt et al observed no liver changes. Thus, apart from the 

exposure period, other, so far undefined factors appear to contribute to the 

hepatic accumulation of Se and perhaps, indirectly, to the induction of 

degenerative changes in the liver. 
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DIETARY SELENIUM AND BENZO(A)PYRENE INDUCED RESPIRATORY TRACT 

TOMOURS IN HAMSTERS. 

R.B.Beems 

TNO-CIVO Toxicology and Nutrition Institute, 
P.O. box 360, 3700 AJ Zeist, the Netherlands. 

Carcinogenesis 7 (1986) 485-489. 

ABSTRACT 
The modifying effect of selenium (Se) as sodium selenite on chemically induced 
respiratory tract tumours was tested in Syrian golden hamsters. Groups of 40 
hamsters per sex (controls 60 per sex) were fed the following semisynthetic 
diets: control diet (O.lppm Se, low fat); high Se diet (5 ppm); high fat diet 
(20% sunflower oil); high Se + high fat diet. After an adaptation period of 30 
days on the diets, respiratory tract tumours were induced by intratracheal 
instillation of benzo(a)pyrene (BaP) attached to ferric oxide. The 
experimental period was 429 days for males and 374 days for females. 
Respiratory tract tumours included mainly epidermoid papillomas, epidermoid 
carcinomas and combined epidermoid and adenocarcinomas. Se included either in 
a low fat diet or in a high fat diet, did not influence the tumour response in 
the respiratory tract or in other organs. Neither was there a correlation 
between the serum or liver Se levels and the presence of respiratory tract 
tumours. The tumour response in the respiratory tract and also in other organs 
was slightly enhanced by dietary fat. 

INTRODUCTION 

Epidemiological data provide slight indications that several types of 

cancer, including lung cancer, might be influenced by dietary selenium (Se). 

Mortality from lung cancer observed in various countries showed a weak inverse 

association with dietary Se intake that was statistically significant for 

males (26,27,28). In addition a slight negative correlation between blood Se 

levels and mortality from lung cancer was observed that was statistically 

significant for both males and females. The results of another study in which 

mortality from tumours in low and high Se areas in the U.S.A. were compared, 

also indicated an inverse association between dietary Se intake and a variety 

of tumours, including lung cancer (29). In a prospective study it was found 

that subjects that developed various types of cancer during a 5 year follow-up 

period initially had relatively low serum Se levels as compared with matched 

cancer-free subjects (33). Also lung cancer was involved, although the effect 

did not attain the level of statistical significance. 
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Animal experiments also pointed to a modifying effect of dietary Se on 

carcinogenesis. Selenium deficiency enhanced and Se excess reduced the mainraary 

tumour response in both rats (12,14) and mice (21,22). Rats fed a high 

unsaturated fat diet (corn oil) were more sensitive to Se depletion than those 

on a low fat diet (13). 

Other induced tumours that were inhibited by Se included tumours of the colon 

in rats (17,6), tumours of the liver in rats (11), tumours of the 

skin/subcutis in mice (34,35) and preneoplastic foci of the pancreas in 

hamsters (23). 

In only a few studies induced respiratory tract tumours were 

investigated. Thompson (30) found that the incidence of 1-methyl-l-nitrosourea 

(MNU) induced tracheal tumours in hamsters, mainly combined epidermoid and 

adenocarcinomas (adenosquamous carcinomas), was not influenced by a high (5 

ppm) Se level in the diet. The authors suggested that these negative results 

may be due to the type of carcinogen used, which was a direct acting one. In 

another study, set up to investigate the effect of Se on N-nitrosobis(2-

oxopropyl)amine (BOP) induced colon tumours in rats, several lung adeno

carcinomas were found (6). These lung tumours did not occur in the group fed a 

high Se diet. Although the incidence was relatively low these observations are 

suggestive of a tumour inhibiting effect of Se on adenocarcinomas in the lungs 

of rats. 

The present study was performed to investigate whether dietary Se can 

reduce respiratory tract tumours induced by the indirect acting carcinogen 

benzo(a)pyrene (BaP). The modifying effect of Se was tested both in a low fat 

(normal) diet and in a high fat diet, to see whether the fat mediated increase 

in respiratory tract tumours reported earlier (1) can be reduced by dietary 

Se. The Syrian hamster was used since in this species respiratory tract 

tumours can be induced that resemble those occurring in man (20,3). 

MATERIALS AND METHODS 

Weanling Syrian golden hamsters were obtained from the INO Central 
Institute for the Breeding of Laboratory Animals, Zeist, The Netherlands. They 
were kept on sterile saw dust in macrolon cages, 2 hamsters per cage, under 
standard conventional laboratory conditions. Groups of 40 male and 40 female 
hamsters (controls 60 males and 60 females) were fed the following 4 types of 
diet: 1) control (low fat, no supplemented Se), 2) high Se + low fat, 3) high 
fat + no supplemented Se, 4) high Se + high fat (table I). These diets are 
further referred to as control, high Se, high fat and high Se + fat 
respectively. The low fat diets contained 5.5% (by weight) fat, which is 
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normal for laboratory animal diets. The diets were pelleted and contained 
about equal amounts of proteins, minerals, trace elements and vitamins per 
unit energy. The percentage composition, with the percentages in the high fat 
rations in parentheses, was: 
Casein 7.5 (9.1), isolated soy protein 11.3 (13.6), DL-methionine 0.19 (0.23), 
wheat starch 36.4 (4.0), pregelatinized wheat starch 18.9 (22.7), cellulose 
9.4 (11.4), mineral mixture 4.2 (5.1), КН

г
РО 0.57 (0.68), vitamin ADEK 

preparation 0.42 (0.51), vitamin В mixture 0.28 (0.35), choline chloride (50%) 
0.38 (0.45), soya-bean oil 4.7 (4.5), sunflower oil 0 (18.2), water 0.94 (0). 
Se was added as sodium selenite. The unsupplemented diet contained 0.1 mg 
Se/kg· 

Table I. Selenium, fat and energy content of the diets 

high high high 
contr*) Se fat Se + fat 

number of animals/sex 60 40 40 40 
selenium (ppm) 0.1**) 5 0.1**) 5 
sunflower oil 
(% by weight) 0 0 18.2 18.0 

calculated: 
energy content of the 
diet (kJ/kg) 14500 14500 17400 17200 
total fat (% energy) 12 12 49 49 

*) control diet is normal semisynthetic diet containing the low 
fat level normally used in laboratory animal diets (5.5% by 
weight), and no supplemented Se. 
**)Se concentration in the unsupplemented diet 

Since the pellets in the low fat diets turned out to be rather firm, the 
pregelatinised wheat starch was replaced by ground whole maize in the low fat 
diets starting in week 30 of the study, in order to improve the structure of 
the pellets. Diets were provided ad libitum during the whole experimental 
period. The hamsters were allocated to the various dietary groups by a 
computerized randomization procedure. After an adaptation period of 30 days on 
the diets, all hamsters were instilled intratracheally with 8 mg BaP + 8 mg 
ferric oxide suspended in saline, once every 2 weeks for 16 weeks. The 
carcinogen suspension was prepared as described in the literature (25). Body 
weights were recorded periodically. Food intcike was recorded over weekly 
periods from day 238 to the termination of the experiment. Terminal autopsy 
was on day 374 for females and on day 429 for males, when the survival rate in 
one of the groups dropped below 25%. After thorough necropsy, the respiratory 
tract, the major organs and all lesions suspected of being neoplasia were 
fixed in 10% buffered formalin, processed for histology by conventional 
methods, sectioned and stained with haematoxylin and eosin. At terminal 
autopsy blood was taken from the abdominal aorta for Se and cholesterol 
determinations. Samples of the liver were taken for Se determinations. Tumour 
data were statistically analysed according to the IARC method (24). 
Multivariate analysis and logistic regression analysis was performed using 
the BMDP statistical program (9). Tumours were classified according to the 
classification of Becci (3), which was slightly adapted. 
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RESULTS 

In males body weights were highest in animals fed high fat or high fat + 

Se diet (table II). In females the body weights showed an opposite trend and 

were relatively low in animals fed high fat or high Se + fat diet. The 

difference in body weights between animals fed normal and high fat diets was 

statistically significant at several points in time. 

Food intake was statistically significantly decreased in animals fed high fat 

or high Se + fat diet at several points in time. The overall means are given 

in table II. Energy consumption was comparable in all groups in males, while 

in females it was relatively low in the high fat and high Se + fat group. Se 

did not distinctly influence food or energy intake. Body weight was also not 

influenced by Se. 

Table II. Mean food intake, energy consumption and body weights 

Diet 

Control 
High 
High 
High 

Se 
fat 
Se 

(low Se 

+ high 

low 

fat 

fat) 

Males 
Food 

40.7 
39.1 
34.0 
35.9 

Energy 

590 
567 
592 
617 

BW 

100 
100 
105 
106 

Females 
Food 

47.2 
42.7 
34.4 
33.7 

Energy 

684 
619 
599 
580 

BW 

108 
104 
101 
103 

Food intake in g/hamster/week, Energy intake in kJ/hamster/Week 
BW = overall mean of the body weights in g over the whole 

experimental period 

Se levels in blood serum and liver of survivors were distinctly increased 

in animals fed the high Se diets (table III). Dietary fat slightly increased 

the serum Se concentrations. Serum cholesterol did not show any differences 

between the various groups. The mean values were about 2.8 mmol/1 for males 

and 4.0 mmol/1 for females. 

In males survival was relatively high in the high fat group. When 

analysed using trend and homogeneity analysis (10) the difference with the 

controls was statistically significant (P<0.01). The other male treatment 

groups did not show any significant differences in survival, mutually. In 

females, on the other hand, survival was highest in the controls and the high 

Se group and relatively low in both high fat groups. The difference of both 

high fat groups with the controls approached statistical significance (P=0.052 

in both cases). 
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Table III. Mean serum and liver Selenium concentrations 

Diet 

Control (low Se low fat) 
High Se 
High fat 
High Se + high fat 

Males 
serum 

лдЛд 

138 
267 
168 
238 

liver 

mgAg 

1.08 
2.95 
1.01 
2.61 

Females 
serum liver 
¿/gAg mgAg 

158 0.79 
263 2.51 
195 0.98 
245 2.89 

Low Se groups in all cases statistically significantly 
different from high Se groups. 

Most animals that died or were killed moribund showed symptoms of 

respiratory involvement. Microscopic examination of the respiratory tract 

revealed a variety of tumours and hyperplastic and metaplastic changes. The 

tumours comprised mainly epidermoid papillomas, adenomas (lungs), epidermoid 

carcinomas and combined epidermoid and adenocarcinomas (table Г ). Although 

considerable variations occurred in the tumour incidences between the groups, 

no consistent trend could be discerned that points to a modifying effect of 

Se. Since statistically significant differences in survival existed between 

the groups and many of the decedents showed respiratory tract tumours, the 

tumour data were analysed according to the IARC method (24). This method 

enables adjustment for differences in mortality and takes into account the 

time of appearance of the tumours. The results of the analyses are summarised 

in table V. Pairwise comparison of the control group and the high Se group 

revealed an increase rather than a decrease of the tumour response. When the 

Se was incorporated in a high fat diet only incidental tumours in females were 

reduced (P=0.03), while the other Ρ values obtained, including that of the 

overall result of the statistical test, did not indicate any influence of Se 

on the tumour response. When the 2 low Se groups were combined and conpared 

with the 2 combined high Se groups, or when the various tumour types were 

analysed separately, no modifying effect of Se on the respiratory tract tumour 

response could be discerned either. However, the figures indicated a slight 

though distinct and consistent enhancing effect of the dietary fat. The most 

pronounced difference was observed when the 2 combined normal fat groups were 

compared with the 2 combined high fat groups (P=0.03). Differences of 

borderline significance were observed when the high fat group was compared 

with the control group (P=0.06) or with the high Se group (P=0.07). The tumour 

enhcincing effect of fat appeared to be due to increased incidence of lung 
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adenomas and, to a lesser extent, to epidermoid carcinomas and combined 

epidermoid and adenocarcinomas. When the lung adenomas were excluded, the same 

trends were still present, although the degree of statistical significance was 

decreased in most cases. The degree of invasion, which served as an indicator 

for the malignancy of the tumours, did not show any consistent differences 

between the groups, indicating that the invasive properties of the respiratory 

tract tumours were not influenced by the Se or fat. The differentiation of the 

tumours, epidermoid or mucous, was also not influenced by the diet. 

A large variety of non-neoplastic respiratory tract lesions was observed, 

including epithelial cell proliferation with various degrees of dysplasia in 

the larynx, epithelial hyperplasia and metaplasia in the trachea and bronchi 

and alveolar bronchiolisation in the lungs. Inflammatory changes occurred in 

all areas. No distinct or consistent Se or fat related effect could be 

discerned on incidence or severity of the changes. 

Logistic regression analysis and factor analysis revealed that the 

presence of tumours or the severity of the tumour response or preneoplastic 

response were not correlated with the serum or liver Se concentrations, or 

with the serum cholesterol concentration. 

The most frequent tumour types at sites other than the respiratory tract 

were adrenal cortical adenomas, squamous cell tumours of the stomach and 

Table IV. Summary of respiratory tract tumours 

Initial number of animals 
Animals at risk 
Tumour bearing animals 
Total number of primary 

tumours *) 
Types of tumours: 
Epidermoid papilloma 
Adenoma (lungs) 
Carcinoma in situ 
Epidermoid carcinoma 
Combined epidermoid and 

adenocarcinoma 
Adenocarcinoma 
Sarcoma 

Males 
contr 

60 
57 
34 

50 

7 
5 
4 
15 

13 
1 
2 

Se 

40 
38 
27 

40 

6 
8 
1 
14 

8 
0 
1 

fat 

40 
38 
31 

50 

6 
10 
3 
13 

12 
1 
1 

Se+fat 

40 
39 
28 

47 

4 
10 
1 
16 

10 
0 
0 

Females 
contr 

60 
57 
37 

49 

5 
2 
2 
14 

19 
0 
3 

Se 

40 
35 
30 

42 

11 
4 
2 
11 

11 
0 
1 

fat 

40 
36 
28 

39 

4 
5 
5 
11 

9 
1 
0 

Se+fat 

40 
34 
22 

28 

5 
3 
2 
10 

7 
1 
0 

*) some animals bore more than one tumour of the same type at different 
locations of the respiratory tract. 
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Table V. Statistical analysis of respiratory tract tumours according to the 

IARC method (Peto). 

groups which 
were pairwise 
conpared 

Ρ values for one sided tests for positive trend 

standard method for | prevalence method for] sum of results 

fatal tumours incidental tumours from standard 
| + prevalence 
I method 

males females both | males females both | both sexes 

control versus 

high Se group 0.77 

control versus *1) 

high fat group 0.97 

control versus 
high fat + high 0.64 
Se group 

high Se versus 

high fat group 0.80 

high Se versus 
high fat + high 0.36 
Se group 

high fat versus 
high fat high 0.13 
Se group 

0.50 

* 

0.01 

0.17 

0.03 

0.71 

0.48 

0.36 

0.23 

0.19 

* 

0.02 

0.07 

0.08 

0.01 

*** 

0.0005 

0.05 

* 

0.05 

* 

0.02 

*** 

0.0001 

* 

0.01 

* 
0.02 

0.34 

0.06 

0.11 

0.07 

0.16 0.17 0.21 0.56 0.28 

*1) 
0.73 0.36 0.55 0.97 0.98 

* - P<0.05, ** = P<0.01, *** - P<0.001, 

1) significant when tested for negative trend 

0.14 

0.53 

COMBINED GROUPS: 

combined low fat 
groups versus 
high fat groups 

combined low Se 
groups versus 
high Se groups 

0.86 

0.41 

* 

0.02 

0.63 

0.27 

0.53 

* 

0.02 

0.38 

* 

0.01 

0.17 

** 

0.001 

0.20 

* 

0.03 

0.38 

thyroid tumours (table VI). When analysed using the IARC method it appeared 

that the tumour incidence (all types together) was increased in the combined 

high fat diets as compared with the combined low fat diets (P<0.002 for both 

sexes together). Moreover statistically significant differences occurred 

between the control and the high fat groups (P<0.006), and between the high Se 
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Table VI. Summary of tumours outside the 
respiratory tract (both sexes together) 

Animals at risk 
Tumour bearing animals *) 
Adrenal cortical adenoma 
Stomach squamous cell 
papilloma 

Thyroid adenoma 
Other epithelial tumours 
Mesenchymal tumours 

cont 

114 
5 
1 

2 
2 
1 
0 

Se 

73 
5 
3 

0 
0 
2 
0 

fat 

74 
16 
8 

4 
2 
1 
1 

Se+fat 

73 
9 
3 

3 
2 
3 
1 

*) some animals bore more than one tumour 
Significances: see under results. 

and the high fat groups (P<0.01). Although the incidence in the high fat + 

high Se group was lower than in the high fat (low Se) group, the difference 

was not statistically significant. Therefore it was concluded that Se did not 

influence the incidence of tumours outside the respiratory tract. The 

individual tumour types were not analysed with the IARC method because of the 

small number of cases. 

DISCUSSION 

The results of the present study indicate that a high dietary Se level 

does not reduce BaP-induced respiratory tract cancer incidence in hamsters. 

These negative results are in accordance with those of Thompson and Becci (30) 

who did not find an inhibiting effect of high dietary Se levels on MNU induced 

respiratory tract tumours in hamsters. The authors speculated that this might 

be due to the type of carcinogen which was a direct acting one. In the present 

study a carcinogen was used that needs metabolic activation. Thus, the type of 

carcinogen, direct or indirect acting, is most probably not a major factor in 

the effectiveness of Se as a potential respiratory tract tumour inhibiter in 

hamsters. Although literature on Se mediated modification of metabolic 

activation is rather conflicting, our results agree with observations that in 

the rat lung Se did not alter several drug metabolising enzymes, including 

aryl hydrocarbon hydroxylase ( 8). 

In the present study Se, incorporated in a low fat diet or in a high fat 

diet, did not modify carcinogenesis; neither was there a correlation between 

the individual serum or liver Se levels and the presence of tumours or 
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severity of the tumour response of the individual animals, as indicated by 

logistic regression analysis performed on the data of survivors. In man such a 

relationship has been suggested (28,33,7)t though the effect was less 

pronounced for lung cancer than for some other types of cancer. Some authors 

reported that Se not only reduced the incidence of the induced tumours, but 

reduced the size of the tumours as well (22,35). In the present study it was 

generally not possible to measure the size of the respiratory tract tumours 

since most tumours were detected upon microscopic examination and were not 

grossly identified. Instead, the degree of invasion of each tumour was scored 

and was used to establish the effect of Se on the malignancy of the induced 

tumours. However, the results of the present study did not reveal any 

consistent effects of Se or fat on the degree of invasion. 

Speculating on factors that might have influenced the results of the 

present study, one could wonder whether especially the respiratory tract is 

insensitive for the modifying effect of Se. This would explain our results as 

well as those of Thompson and Becci (30). On the other hand there are 

indications that adenocarcinomas in the lungs of rats are inhibited by Se (6) 

and also epidemiology provides slight indications of a modifying effect. 

The hamster may not be a suitable species for experiments on the modifying 

effect of Se on carcinogenesis. The observation that tumours at sites other 

than the respiratory tract were also not influenced indicates that in the 

hamster, under the experimental conditions used, Se does not influence 

carcinogenesis at all. This observations is in contrast with the inhibition by 

Se of various types of spontaneous and induced cancers in mice and rats. 

However, preneoplastic foci in the pancreas of hamsters have been reported to 

be inhibited by Se (23). 

Tumours inhibited by Se included also BaP-induced tumours of the skin (34) and 

subcutaneous tumours (35) in mice. Thus, in other experimental models Se is 

apparently able to modify the carcinogenic action of BaP, the carcinogen also 

used in the present study. 

Whether the Se dose was high enough to be effective may also be 

questioned. From a previous short-term toxicity study with Se it appeared that 

the no-toxic-effect level of Se in hamsters is 10 ppm when given in a 

semisynthetic diet closely resembling that used in the present study (2). The 

high Se dose used resulted in distinctly increased Se levels in the blood 

serum and the liver, indicating that the bioavailability of Se in the form of 

sodium selenite and the dose level used must have been adequate. 
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In the present study the effect of Se excess was investigated. The Se 

requirement of the hamster is not exactly known, but the unsupplemented diet, 

containing 0.1 ppm Se, was not considered to be deficient since concentrations 

of 0.1 - 0.2 ppm are normally used in animal diets. It cannot be excluded that 

Se deficiency would enhance respiratory tract cancer in the experimental model 

used. 

Studies have been reported indicating that in the hamster lungs the Se 

levels are increased when hamsters are fed a dietary level that was used in 

the present study (18). Nevertheless, the lung adenomas in the present study 

tended to increase rather than to decrease in the high Se group, despite the 

probably higher Se levels in the lungs. 

Perhaps other dietary factors play a role in the effectiveness of Se as a 

modifyer of carcinogenesis. Both vitamin E (12) and vitamin A (14) act 

synergistically with Se in the inhibition of mammary tumours in rats. Several 

compounds such as zinc and sulphur containing amino acids behave as 

antagonists of Se (28) with respect to its tumour inhibiting properties. More 

important in this respect is the observation that the ability of Se to 

counteract carcinogenesis appears to depend upon the type of diet. Whanger 

(32) kept mice on various types of diets, including 2 natural ingredient rat 

chows and a purified casein based diet with various types and amounts of fat. 

Only in one rat chow Se inhibited spontaneous mammary tumours in mice, while 

Se in another chow and in a semisynthetic diet had no significant effect. 

These data suggest that tumour inhibition by Se may be limited to specific 

dietary conditions. This is in accordance with the observation that 

antioxidants other than Se that inhibit tumour development in animals fed a 

commercial diet are not effective when given in a purified diet (19). The 

mechanism behind these phenomena is not clear. Further research on the 

interaction of dietary factors with the anticarcinogenic action of Se is 

clearly desirable. These factors might be important determinants of the 

modifying effect of Se on carcinogenesis. 

The observation that dietary fat enhances respiratory tract cancer is in 

accordance with previous studies (1,5). However, in the present study the 

modifying effect of fat was less pronounced than in our previous study (1). 

Tumours at sites other than the respiratory tract were enhanced by dietary fat 

in both studies. In contrast to the findings in our previous study, the 

increased tumour response of animals on the high fat diet was not associated 

with higher energy consunption. This might indicate that the enhancement of 
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carcinogenesis by fat is not primarily due to the higher energy content of the 

high fat diet. 

The tumour enhancing effect of high polyunsaturated fatty acid (PUFA) 

diets has been related to the formation of lipoperoxides in the target tissue. 

The antitumour activity of Se has been claimed to be due to its antioxidant 

function in lipidperoxidation, mediated by glutathione peroxidase. This enzyme 

is increased in both serum and red blood cells of hamsters (4) as well as in 

the lungs of rats (8) when fed high Se diets. If the above mechanisms are 

valid one should expect a tumour inhibiting effect of Se, especially in 

animals fed high-PUFA diets. Considered against this background the absence of 

positive results of Se suppletion in the high fat groups in this study agrees 

with the conclusion of Ip (15) and Vernie (31), in their reviews on Se in 

carcinogenesis, that the modifying effect of Se is probably not due to its 

antioxidant action. 
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CHAPTER 5 

MODIFYING EFFECT OF VITAHIN A CN BENZO(A)FXREME INDUCED RESPIHATORY 

TRACT ТЦМОШБ IN HAMSTERS. 

R.B.Beems. 

TNQ-CIVO Toxicology and Nutrition Institute, 
P.O.Box 360, 3700 AJ Zeist, The Netherlands. 

Carcinogenesis 5 (1984) 1057-1060. 

ABSTRACT 
Groups of 40 hamsters of each sex were fed natural ingredient diets containing 
600, 4000 or 100 000 IU vitamin АДд. After an adaptation period of 170 days 
on the diets, respiratory tract tumours were induced by intratracheal 
instillation of benzo(a)pyrene + ferric oxide suspended in saline. Mortality 
was statistically significantly increased in the high dose group as compared 
with the mid (control) and low dose group. Microscopy of the respiratory tract 
did not reveal any significant differences in tumour response between the 
various dose groups. However, the incidence of preneoplastic respiratory tract 
lesions was distinctly inversely correlated with the oral vitamin A dose. The 
serum retinol values were similar in the various dose groups, without any 
indication of a dose related increase. It was concluded that under the 
experimental conditions used vitamin A did not influence benzo(a)pyrene-
induced respiratory tract cancer in hamsters. 

INTRODUCTION 

Epidemiological studies and studies with lung cancer patients indicate 

that the risk for lung cancer is inversely correlated with both dietary 

vitamin A intake and serum vitamin A level {5, 11, 13, 25). Several workers 

investigated the modifying effect of vitamin A and synthetic retinoids on 

experimentally induced respiratory tract tumours in laboratory animals. 

Although in several cases an inverse correlation was reported between dietary 

vitamin A intake and the incidence of respiratory tract tumours, the results 

of the studies were partly conflicting and some investigators were not able to 

confirm the results of other studies. These conflicting results reported in 

the literature might be due to differences in the experimental design. Several 

authors administered vitamin A after or at the time of the exposure to the 

carcinogen. Therefore the possibility should be considered that in these cases 

only the effect of vitamin A on tumour promotion or progression was examined. 

In the present study the diets containing various vitamin A levels were fed to 

the animals a few months before the carcinogen treatment was started. This 

ensured that the vitamin A metabolism had reached a steady state and that the 
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liver vitamin A stores and probably also the tissue levels of vitamin A are 

constant. This experimental design enabled us to study the possible modifying 

effect of vitamin A on initiation, promotion and tumour progression. When a 

modifying effect of vitamin A is established under these well defined 

experimental conditions the next step could be to find out the actual stage or 

stages of cancer development, during which vitamin A exerts its effect. 

MATERIALS AND METHODS 

Weanling Syrian golden hamsters were obtained from the Central Institute 
for the Breeding of Laboratory Animals, "ШО, Zeist, The Netherlands. They were 
kept on sterile saw dust in macrolon cages, two hamsters a cage, under 
standard conventional laboratory conditions. The diet was based on natural 
ingredients. The basis percentage composition was as follows: 
Soya bean oil meal 13.0, ground whole maize 29.4, ground whole wheat 11.0, 
instant wheat product 15.0, pregelatinized starch 10.0, fish meal 6.0, meat 
scraps 3.0, brewer's yeast 3.0, grass meal 4.0, whey powder 2.0, steamed bone 
meal 0.4, trace-mineralised salt 0.5, vitamin D, Ε, К preparation 0.3, vitamin 
В mixture 0.2, choline chloride (50%) 0.2, soya bean-oil 2.0. Molasses/Water 
was added as a binding agent (5%). The basal diet was supplemented with the 
vitcimin A preparation Dohyfral extra A-500, stabilized on a carrier, supplied 
by Duphar, Veenendaal, The Netherlands, and contained 500000 lU/g in a 50/50 
ratio of retinyl acetate and retinyl palmitate. 

The 3 dietary levels of vitamin A were 600 IU/kg diet (low dose, basal 
diet not supplemented), 4000 lUAg diet (control, normal dose) and 400000 
IU/kg diet (high dose). The high dose was decreased to 200000 IU/kg diet at 
day Θ2 and to 100000 lUAg diet at day 127. Diets were provided ad libitum 
during the whole experimental period, starting from weaning. Each of the 
dietary groups consisted of 40 male and 40 female hamsters, except for the low 
dose group that consisted of 40 male hamsters only. After an adaptation period 
of 170 days on the diets all hamsters were intratracheally instilled with 10 
mg benzo(a)pyrene and 8 mg ferric oxide suspended in saline once every 2 weeks 
for 5 times. 

The carcinogen suspensions were prepared as described in literature (18). 
Body weights were recorded periodically and food intake was measured during 
the first weeks of the experiment. Hamsters were checked twice daily and 
moribund animals were killed and autopsied. Terminal autopsy was on day 380 
for females and on day 512 for males. After complete necropsy a variety of 
organs and tissues was fixed in a 10% neutral, phosphate buffered formaldehyde 
solution. The respiratory tract, liver and grossly observed tumours were 
processed for microscopy by conventional methods, sectioned at 5 /лп and 
stained with haematoxylin and eosin. At terminal autopsy blood was taken from 
the abdominal aorta and serum retinol levels were measured according to the 
method of Fankel (7), including both free retinol and retinol bound to retinol 
binding protein, but excluding retinyl-esters. Tumour data were statistically 
analysed using the method of Peto (16) and trend and homogeneity analysis 
(9,24), which enable standardization for time of death. Incidences of 
preneoplastic changes were analysed using the Fisher's exact test and the 
method of Peto (16). In the latter method the preneoplastic changes were 
considered to be "incidental". 
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RESULTS 

Body weight and food intake. 

Mean body weights of both male and female animals fed a high vitamin A diet 

were distinctly and in most cases statistically significantly lower than those 

of the control group during the whole experiment. Body weights of animals fed 

a low vitamin A diet were also slightly decreased, but the difference with the 

controls was not statistically significant. 

Weekly food intake figures were slightly decreased in both the high and 

the low vitamin A group, as compared with the medium vitamin A controls. Only 

in males of the high vitamin A group the difference was statistically 

significant in a few weeks. In the high vitamin A group the slight decrease in 

food intake was accompanied by a reduced food conversion efficiency both in 

males and in females, which was statistically significant at most time 

intervals. 

Mortality. 

In the high vitamin A group mortality was increased in both sexes, but 

especially in females as conpared with the medium vitamin A controls (Figure 

1). When analysed using trend and homogeneity analysis of proportions and life 

table data (9, 24), the difference was statistically significant both in males 

(P=0.03) and in females (P=0.002). No relevant differences were found in 

mortality between the controls and the low vitamin A group. 

Serum vitamin A level. 

The vitamin A level of the diet did not influence the serum retinol level of 

the terminally sacrificed hamsters. The figures were comparable and without a 

treatment related effect. The mean serum retinol levels were 1.36, 1.22 and 

1.37 /vmol/l for males fed the low, mid and high dose level respectively and 

1.70 and 1.64 /лтоі/і for females fed the mid and high dose level respectively. 

Respiratory tract tumours. 

The number of animals showing respiratory tract tumours and the total number 

of tumours observed in the various groups is presented in table I. It appears 

that both the number of tumour bearing animals and the total number of induced 

tumours show a very slight trend in favor of the hypothesis that the tumour 

response is inversely correlated with the oral vitamin A dose. The incidence 
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of epidermoid papillomas in females and epidermoid carcinomas in males showed 

a distinct decrease with increasing vitamin A levels. The other tumour types 

did not show such an increase and some showed even an opposite effect. 

These tumour data were statistically analysed using trend and homogeneity 

analysis (9, 24) and according to Peto (16). These types of statistical 

testing enable adjustment for differences in mortality and time of appearance 

of tumours. The analyses revealed that the differences in tumour response 

between the various dietary groups were not statistically significant and did 

not represent a statistically significant trend, neither the incidences of the 

individual tumour types nor the total incidence of animals bearing respiratory 

tract tumours. This means that the slight trend suggesting an inverse 

relationship between oral vitamin A intake and tumour response is due to 

differences in mortality between the dose groups. Also when the tumour 

incidences of the various sites of the respiratory tract (larynx, trachea, 

bronchi and lungs) were considered separately, no relevant differences in 

tumour response were observed. 
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TABLE I. SUMMARY OF RESPIRATORY TRACT TUMOURS 

ANIMALS AT RISK 

TUMOUR BEARING ANIMALS 

TOTAL NUMBER OF 
PRIMARY TUMOURS 

TYPES OF TUMOURS: 
Carcinoma in situ 
Epidermoid papilloma 

a) single 
b) multiple 

Epidermoid carcinoma 
a) single 
b) multiple 

Combined epidermoid and 
adenocarcinoma 

Adenocarcinoma 
Sarcoma 

LCW 

36 

16 
44% 

21 

0 

4 
0 

9 
2 

2 
1 
1 

HALES 
MED 

39 

14 
36% 

20 

0 

4 
0 

7 
0 

5 
1 
3 

1 
HIGH | 

37 

13 
35% 

17 

0 

4 
1 

6 
0 

3 
0 
2 

FEMALES 
LCW 

-

_ 
-

-

-

-

-
-

MED 

38 

14 
37% 

22 

1 

8 
2 

6 
1 

1 
0 
0 

HIGH 

37 

12 
32% 

15 

0 

4 
0 

4 
1 

2 
0 
3 

Using the Fisher's exact test (one-sided) or the statistical 
method described by Peto (16) or Gart (9) none of the 
differences was statistically significant. 

Preneoplastic lesions. 

The number of animals bearing preneoplastic respiratory tract lesions showed a 

distinct and statistically significant decrease with increasing dose levels 

both in males and females (Table II). The various types of metaplasia observed 

in the trachea and bronchi generally showed a trend to decrease with 

increasing vitamin A levels. The same trend was present, and even more 

pronounced, when all types of metaplasia of each organ were taken together, 

indicating the number of animals showing metaplasia at the specified site. In 

several cases the difference between the low vitamin A group on the one hand 

and the high and occasionally the mid dose group on the other hand, were 

statistically significant. Dysplastic lesions of the laryngeal epithelium 

showed a trend to decrease in severity with increasing vitamin A levels. Only 

alveolar bronchiolisation in the lungs showed an opposite trend and was 

statistically significantly increased in the mid dose group when compared to 

the low dose group. 

When the data were standardized for time of death, using the method of Peto 

(16), it appeared that a statistically significant negative trend , due to 
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TABLE II. HYPERPLASTIC AND METAPLASTIC RESPIRATORY TRACT 
LESIONS IN RELATION TO VITAMIN A DOSE 

MALES 
LOW MED HIGH 

FEMALES 
LOT MED HIGH 

ANIMALS AT RISK 36 39 37 38 37 

ANIMALS WITH PRENEOPLASTIC 
LESIONS 1) 

2) 
TYPES OF LESIONS: 
LARYNX 
-Dysplasia -slight 

-moderate 
-Hyperplastic lesions 

TRACHEA 
-Transitional metaplasia 
-Non-cornifying epidermoid 
metaplasia 
-Cornifying epidermoid 
metaplasia 
-Metaplasia (all types) 
-Hyperplastic lesions 

BRONCHI 
-Transitional metaplasia 
-Non-cornifying epidermoid 
metaplasia 
-Cornifying epidermoid 
metaplasia 
-Metaplasia (all types) 
-Hyperplastic lesions 

LUNG 
-Alveolar bronchiolisation 

33 
92% 

(27) 

4 
3 
1 

(35) 

23 

13 

9 
31 
2 

(30) 

13 

2 

1 
13 
2 

(36) 

18 

ZS** 
67% 

(31) 

6 
3 
0 

(36) 

17 

15 

6 
22** 

0 

(24) 

5 

1 

0 
5 
1 

(39) 

28* 

, ig*** . 

51% 

(25) 

5 
0 
2 

(36) 

16 

7 

4 
г 15*** . 

1 

(29) 
2*** 

0 

1 
3** 
0 

(36) 

22 

29 
76% 

- (38) 

4 
1 
0 

- (38) 
15 

12 

10 
28 
0 

- (36) 

3 

0 

0 
3 
0 

- (38) 

11 

20* 
54% 

(31) 

3 
0 
0 

(33) 

13 

0*** 

5 
16* 
1 

(29) 

3 

0 

0 
3 
0 

(37) 

13 

Statistical analysis by Fisher's exact test (one-sided), 
* = P<0.05, ** = P<0.01, *** = P<0.001 and by the method of 
Peto (16)(for significances see under Results). 
1) Preneoplastic lesions defined as tracheal and bronchial 

metaplasias and laryngeal dysplasias. 
2) The number of animals bearing the specified type of lesion 

is indicated. The number of organs examined is given in 
brackets. 

vitamin A treatment, was present for tracheal and bronchial transitional 

metaplasia in males, tracheal and bronchial metaplasia (all types together) in 

males, the number of males showing preneoplastic changes, and tracheal non-

cornifying epidermoid metaplasia in females. 
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Tumours outside the respiratory tract. 

Only a few tumours were observed at sites other than the respiratory tract. In 

males these tumours included 2 adrenal cortical adenomas, and a single gall 

bladder cystadenoma, hepatocellular carcinoma, liver poorly differentiated 

sarcoma, lymphocytic leukemia and subcutaneous sarcoma. In females such 

tumours did not occur at all. This is probably due to the relatively young age 

of the female hamsters at terminal autopsy (3Θ0 days in experiment). The few 

tumours that were observed in male hamsters did not show any trend that might 

point to an effect of vitamin A on non-respiratory tract tumours. 

DISCUSSION 

Statistical analysis of the tumour data revealed that vitamin A did not 

significantly modify the incidence of B{a)P induced respiratory tract tumours 

in hamsters in the experimental model used. Early mortality in the high 

vitamin A group reduces the tumour incidence since the period for developing 

tumours is shorter for these animals. It should be considered that the 

incidence of hyperplastic and preneoplastic lesions is influenced in a quite 

different way by early mortality. Different from tumours, hyperplastic and 

preneoplastic lesions appear relatively early after carcinogen treatment and 

their extent tends to decrease with time when the carcinogen treatment has 

ceased (3, 4, 10). Only a part of the metaplastic areas persist and may, in a 

few cases, exhibit neoplastic transformation. Hence in a group with relatively 

high mortality one should expect to find relatively severe degrees of 

hyperplasias and metaplasias, while in a group with a high survival rate the 

lesions have had more time to regress. In the present study an opposite effect 

was observed - the incidence of metaplastic lesions was low in the high 

vitamin A group, despite the relatively high mortality rate. Therefore the 

differences in incidence of preneoplastic lesions observed in the present 

study are considered to be due to the action of vitamin A. This finding is in 

accordance with the theory that vitamin A modifies the differentiation of 

several epithelia, including that of trachea and bronchi. Literature in this 

field is reviewed by Lotan (12). It is surprising that the differences in 

incidences of metaplastic changes are not accompanied by similar differences 

in epidermoid tumours, since epidermoid metaplasias are considered to be the 

precursors of epidermoid respiratory tract tumours (3, 4, 10, 20). 
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The literature on the modifying effect of vitamin A and synthetic 

retinoids on chemical respiratory tract carcinogenesis in laboratory animals 

is rather conflicting. Most authors reported an inverse relationship between 

oral dose and risk for respiratory tract cancer in hamsters (17, 19), rats (6, 

15) and mice (14). Some other authors on the other hand were not able to 

confirm these findings, or found even a tumour enhancing effect upon feeding 

of high levels of vitamin A or 13-cis-retinoic acid to hamsters (21, 22, 23) 

or mice (8). Moreover the possibility should be considered that the reduction 

of benzo(a)pyrene induced respiratory tract tumours reported by Saffiotti (19) 

may, at least partly, be due to the increased mortality that occurred in the 

high dose group. Apparently no statistical analysis was performed that 

corrects for differences in mortality. 

In evaluating the results of the present study and those reported in the 

literature, the role of the serum vitamin A level should be taken into 

consideration. Several epidemiological studies and studies with lung cancer 

patients indicate that in man low serum vitamin A levels are correlated with 

an increased risk for lung cancer (1, 2, 11, 25). Apparently in man the serum 

vitamin A value is an important indicator for the risk of lung cancer. 

However, the literature suggests also that in man serum retinol levels are not 

necessarily a reflexion of the oral intake (26). In the present hamster study 

the serum retinol levels did not correspond with the oral vitamin A dose but 

were equal in the various groups. Apparently, under the experimental 

conditions used, the serum retinol levels vary to only a very small extent 

over a wide range of oral intake. These observations were confirmed in a 

subchronic (106 days) oral study with vitamin A in hamsters (unpublished 

observations). In this subchronic study serum retinol values were only 

distinctly increased at a dietary vitamin A level of 400 000 lUAg diet. At 

dietary levels of 100 000, 4000 and 600 Щ/kg diet, similar to the levels used 

in the major part of the present study, there was only a minimal and even 

doubtful increase in serum retinol at the 100 000 IU level in males only. In 

females the serum retinol values were about the same in all groups. Liver 

vitamin A stores, on the other hand, were distinctly correlated with the oral 

intake in all groups and were dramatically increased at the 100 000 and 

400 000 IU/kg diet groups. The absence of a distinct correlation between oral 

vitamin A intake and serum retinol levels might be the reason for the lack of 

a modifying effect of vitamin A on respiratory tract carcinogenesis as 

observed in the present study. On the other hand, the dose related decrease in 
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preneoplastic respiratory tract lesions indicates that vitamin A is able to 

influence the target tissue in a dose related way, irrespective of the lack of 

differences in serum values. 

Unfortunately in literature on carcinogenicity studies with vitamin A as 

a modifying factor, little attention has been paid to the role of serum 

vitamin A values. Smith (21) found a positive correlation between oral dose 

and serum levels, but no effect on respiratory tract tumour response in 

hamsters. In a similar study, using a commercial instead of a semisynthetic 

diet, no correlation was observed (22). Nettesheim (15) on the other hand, 

observed a positive correlation between oral dose and serum levels in rats, 

which was accompanied by a lung tumour enhancing effect of a vitamin A 

deficient diet. Other authors did not measure the serum vitamin A levels in 

their carcinogenicity studies. 

Thus in laboratory animals the relation between serum vitamin A and the 

risk, for developing respiratory tract cancer is far less convincing than in 

man. May be there are other, yet unknown, factors that, in addition to the 

dietary level, determine the serum vitamin A level and, indirectly, the 

modifying effect of vitamin A on respiratory tract carcinogenesis. 

The low dietary vitamin A level, as measured in the diet, was about 15% 

of the level that is considered to be adequate for hamsters. However, feeding 

of this low vitamin A diet for 509 days did not induce any distinct signs of 

deficiency. Moreover the low dietary vitamin A level appeared to be adequate 

to maintain normal serum retinol values. May be the vitamin A requirements of 

the hamster are lower than is generally assumed. One might speculate that in 

experimental animals a rigorous vitamin A deficiency, accompanied by decreased 

serum vitamin A levels, enhances respiratory tract cancer. But, on the other 

hand, hypervitaminosis generally does not inhibit respiratory tract cancer 

since only under certain, yet unknown, conditions the serum retinol levels 

increase above their normal values. 
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CHAPTER 6 

THE EFFECT OF BEEA-CAFOTENE ON BENZO(a)PYRENE-INDUCED RESPIRATORY 

TRACT TUMOURS IN HAMSTERS 
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submitted for publication 

ABSTRACT 
The modifying effect of ß-carotene on benzo(a)pyrene induced tumours of the 
respiratory tract was investigated in Syrian hamsters. Groups of hamsters were 
fed a semisynthetic diet supplemented with either no or 56 mg/kg ß-carotene. 
Respiratory tract tumours were induced by intratracheal instillation of 
benzo(a)pyrene attached to ferric oxide. The ß-carotene and vitamin A contents 
of the liver were increased in the high ß-carotene group, but the serum ß-
carotene levels were very low when compared to those commonly observed in man. 
Beta-carotene supplementation did not affect the tumour response of the 
respiratory tract. Neither were the incidence and severity of preneoplastic 
changes influenced. However, there was a statistically significant inverse 
relationship between serum retinol content and the presence of respiratory 
tract tumours in survivors, irrespective of the dietary treatment. 

INTRODUCTION 

Epidemiological studies and studies among lung cancer patients indicate 

that the risk for lung canee? is inversely associated with both the dietary 

vitamin A intake and the serum retinol concentration (1, 2, 3, 4). In these 

studies the dietary vitamin A activity was derived from vegetables (carotenes) 

and from animal products such as milk, eggs and liver (mainly retinylesters). 

Most authors did not differentiate between these vitamin A sources. Peto (5) 

launched the theory that ß-carotene rather than retinylesters was responsible 

for the tumour inhibiting effect. This hypothesis is supported by a recent 

prospective epidemiological study in which an inverse association was found 

between dietary ß-carotene and the risk for lung cancer (6). Others reported 

an inverse association between dietary fiber intake and the risk for lung 

cancer (7). Foodstuffs that contain much fiber are generally also rich sources 

of ß-carotene. Case control studies pointed to a relatively low ß-carotene 

intake of lung cancer patients, as compared with tumour free persons (8, 9). 

The negative association was especially evident for squamous cell tumours. 

Animal studies on the modification of carcinogenesis by ß-carotene are 

rather limited, but those reported in the literature are generally indicative 
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of an inhibitory effect. Orally ingested ß-carotene has been reported to 

reduce chemically induced tumours of the skin in mice (10), tumours of the 

salivary glands in rats (11), and tumours at various sites in rats (12). Not 

only induced tumours, but also transplanted tumours in mice (13) and sarcoma 

virus induced tumours in mice (14) were reduced by ß-carotene. 

As far as we know no studies have been reported on the modifying effect 

of ß-carotene on respiratory tract cancer in laboratory animals. Therefore it 

seemed relevant to find out whether the epidemiological evidence on the 

inverse relationship between ß-carotene intake and lung cancer could be 

confirmed in an animal model. 

MATERIALS AND METHODS 

Weanling Syrian golden hamsters were obtained from the Central Institute 
for the Breeding of Laboratory Animals TNO, Zeist, The Netherlands. They were 
kept on sterile saw dust in macrolon cages, 2 hamsters per cage, under 
standard conventional laboratory conditions. A control group of 60 male and 60 
female hamsters and a treatment group of 40 male and 40 female hamsters were 
fed a pelleted semisynthetic diet of the following composition (percent by 
weight): Casein 7.5, isolated soy protein 11.3, DL-methionine 0.19, wheat 
starch 36.4, pregelatinized wheat starch 18.9, cellulose 9.4, mineral mixture 
4.2, KH?PO. 0.57, vitamin ADEK preparation 0.42, vitamin В mixture 0.28, 
choline chloride (50%) 0.38, soya-bean oil 4.7, water 0.94. Beta-carotene was 
added to the diet of the treatment group as water-dispersible beadlets 
containing 10% pure ß-carotene (Roche), at a level of 56 mgAg diet. The 
vitamin A content of the basal diet was 4000 IU/kg diet. Since the pellets 
turned out to be rather firm, the pregelatinized wheat starch was replaced by 
ground whole maize starting in week 30 of the study, in order to improve the 
structure of the pellets. Diets were provided ad libitum during the whole 
experimental period. After an adaptation period of 30 days on the diets, all 
hamsters were instilled intratracheally with 8 mg benzo(a)pyrene + 8 mg ferric 
oxide suspended in saline, once every 2 weeks for 16 weeks. The carcinogen 
suspension was prepared as described in literature (15). 

Body weights were recorded periodically. Food intake was recorded over 
weekly periods from day 238 to the termination of the experiment. Terminal 
autopsy was on day 374 for females and on day 429 for males, when the survival 
rate in one of the groups dropped below 25%. After thorough necropsy, the 
respiratory tract, the major organs and all lesions suspected of being 
neoplastic were fixed in 10% buffered formalin, processed for histology by 
conventional methods, sectioned and stained with haematoxylin and eosin. At 
terminal autopsy blood was taken from the abdominal aorta for determination of 
retinol (free and RBP-bound retinol) (16) total vitamin A (retinol plus 
retinylesters) (17), ß-carotene (18) and cholesterol. Samples of the liver 
were taken for vitamin A (16) and ß-carotene (18) determinations. Tumour data 
were statistically analysed according to the IARC method (19). Respiratory 
tract tumours were classified according to the classification of Becci (20). 
This experiment was part of a study on the modifying effect of selenium on 
benzo(a)pyrene induced respiratory tract tumours in hamsters, which is 
reported elsewhere (21). 
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RESULTS 

Body weight and food intake were not affected by feeding of 56 mg/kg ß-

carotene in the diet (table I). There were no clinical signs or malreactions 

to treatment. Gross examination at autopsy did not reveal yellow-orange 

discolouration of the fatty tissue, the skin or any other tissues, in the ß-

carotene group the blood cholesterol values were higher than in the controls, 

both in males and in females. However, the difference was not statistically 

significant (table II). Serum ß-carotene could not be detected above the 

detection threshold of the method employed (0.05 /mol/l), either in controls 

or in several of the high dose group animals. Serum retinol (free retinol and 

RBP-bound retinol) was not influenced by the high ß-carotene dose. However, 

both liver vitamin A and liver ß-carotene were distinctly and statistically 

significantly increased in the high ß-carotene group. Especially liver ß-

carotene showed a considerable increase. 

Table I. Mean food intake, energy consumption and body weights 

control 
ß-carotene 

males 
food 

40.7 
41.4 

energy 

590 
600 

bw 

100 
100 

females 
food 

47.2 
44.2 

energy 

684 
641 

bw 

108 
101 

Food intake in g/hamster/week, energy intake in kJ/hamster/week 
bw - overall mean of the body weights in g over the whole 

experimental period. 

The number of animals showing respiratory tract tumours (all sites 

together) and the total number of tumours observed in the various groups are 

presented in table III. The most frequent tumour types were epidermoid 

carcinoma, combined epidermoid and adenocarcinoma (adenosquamous carcinoma) 

and epidermoid papilloma in trachea and bronchi, epidermoid carcinoma in the 

larynx and adenoma in the lungs. When the tumour incidences were analysed 

according to the IARC method (19) it appeared that the tumour response tended 

to increase rather than to decrease in the high ß-carotene group (P=0.07 for 

positive trend, both sexes together). Epidermoid papillomas in trachea, 

bronchi and larynx were statistically significantly increased (P-0.04), as 

were laryngeal tumours (P=0.03, all types together). Other tumour types or 

sites were not distinctly involved. 
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Table II. Mean values of serum and liver parameters determined in 
survivors of the control and the ß-carotene group 

control 

carotene 

control 

carotene 

serum 

retinol 
¿/mol/l 

0.93 
0.05 
8 

0.85 
0.06 
S 

1.15 
0.05 
11 

1.03 
0.07 
7 

carotene 
/лпо1/1 

<0.05 
0.00 
8 

<0.06 
0.01 
8 

<0.05 
0.00 

11 

<0.06 
0.00 
7 

cholest 
mmol/l 

MALES 

2.72 
0.19 
8 

3.05 
0.26 
8 

FEMALES 

4.03 
0.21 
16 

4.77 
0.60 
7 

liver 

vitamin A 

lU/g 

575.11 
40.51 
9 

898.75** 
78.62 
8 

679.41 
49.38 
17 

979.86** 
96.82 
7 

carotene 

ИЧ/Ч 

0.10 
0.00 
9 

15.03** 
4.22 
8 

<0.12 
0.01 
17 

2.54** 
1.30 
7 

** P<0.01, analysis of variance. 
The mean value, SEM and number of cases are listed. 

Benzo(a)pyrene-induced respiratory tract tumours in hamsters represent a 

spectrum of closely related varieties that range from exclusively epidermoid 

tumours via combined tumours to adenocarcinomas. The respiratory tract tumours 

observed in the present study were classified according to their histogenetic 

origin (20). Moreover, the tumours were scored for their degree of invasion, 

which ranged from microinvasive to widespread invasive and served as an 

indicator of the malignancy of the tumours. It appeared that neither the 

histogenetic type nor the invasive properties of the respiratory tract tumours 

were influenced by dietary ß-carotene. 

The incidence of tracheal and bronchial metaplasia was relatively low in 

the high ß-carotene group in males only, as compared with the controls. The 

one-sided Fisher's exact test indicated that the difference approached 

statistical significance (P=0.075). The type of metaplasia, non-cornifying or 

cornifying, the extension of the metaplastic areas and the degree of dysplasia 

were not influenced by ß-carotene. Therefore the biological relevance of the 

decreased incidence in males is considered to be doubtful. 
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Table III. Summary of respiratory tract tumours and metaplastic 
changes 

Initial number of animals 
Effective number of animals 
Tumour bearing animals 
Total number of primary 

tumours *) 
Types of tumours: -f) 
Epidermoid papilloma 
Adenoma (lungs) 
Carcinoma in situ 
Epidermoid carcinoma 
Combined epidermoid and 
adenocarcinoma 

Adenocarcinoma 
Sarcoma 

Number of animals showing: 
Dysplasia in larynx 

Metaplasia in trachea 
and bronchi 

Alveolar bronchiolisation 
in lungs 

males 
contr 

60 
57 
34(60%) 

50 

7 
5 
4 
15 

13 
1 
2 

18 

28 

34 

carotene 

40 
38 
26(68%) 

35 

7 
3 
3 
10 

10 
0 
1 

15 

12 

24 

females 
contr 

60 
57 
37(65%) 

49 

5 
2 
2 
14 

19 
0 
3 

14 

25 

32 

carotene 

40 
36 
25(69%) 

40 

7 
3 
3 
10 

14 
0 
1 

10 

15 

17 

*) some animals bore more than one tumour of the same type at 
different locations of the respiratory tract. 

-(-) number of animals showing the specified type of tumour 

The number of animals showing tumours outside the respiratory tract was 5 

in the controls and 2 in the ß-carotene group (both sexes together). Because 

of the low incidences it was not possible to draw conclusions from these 

figures. 

The Pearson correlation test performed on data of survivors indicated 

that animals with respiratory tract tumours had significantly lower serum 

retinol concentrations than had tumour free animals (P<0.01, two-sided). This 

observation was confirmed by the results of logistic regression analysis and 

stepwise discriminant analysis. Parameters tested included serum retinol, 

total vitamin A and cholesterol, liver vitamin A and ß-carotene, perirenal fat 

weight (as an indicator of the nutritional status of the animals), presence of 

tumours, overall severity of the tumour response, and presence and severity of 

metaplastic changes. The inverse association occurred irrespective of the 

dietary ß-carotene level. Other correlations that were incidentally observed 

were distinctly less pronounced and less consistent. Therefore, their 
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biological significance is not clear, especially since the number of cases was 

relatively small. The few animals with measurable serum (S-carotene levels did 

not show any specific common features. The mean values of several parameters 

for tumour-bearing animals and animals without respiratory tract tumours are 

given in table IV. Surprisingly, in males liver vitamin A and liver 0-carotene 

contents were statistically significantly higher in tumour bearing animals 

than in tumour free hamsters (analysis of variance). The biological 

significance of this observation is not clear. 

Table IV. Mean values of serum and liver parameters 
determined in survivors, tumour bearing animals and 
animals without tumours. 

tumour 
bearing 

without 
tumour 

tumour 
bearing 

without 
tumours 

serum 

retinol 
/t/mol/l 

0.81 
0.05 
8 

0.96* 
0.05 
8 

0.96 
0.05 
8 

1.22+ 
0.04 
10 

cholest 
mrool/l 

males 

3.13 
0.26 
8 

2.65 
0.17 
8 

females 

4.71 
0.38 
11 

3.84 
0.25 
12 

liver 

vitamin A 
IU/g 

853.5 
93.8 
8 

615.3* 
49.2 
9 

734.1 
61.4 
11 

794.9 
82.7 
13 

carotene 

13.71 
4.67 
8 

1.27* 
0.91 
9 

1.46 
0.91 

11 

0.29 
0.12 
13 

* P<0.05, + P<0.001, analysis of variance. 
The mean value, SEM and number of cases are listed. 

DISCUSSION 

The hypothesis that dietary ß-carotene inhibits various types of cancer, 

including lung cancer, could not be confirmed in the present study. This 

negative result is in contrast to the findings of others who found reduced 

incidences of chemically induced tumours of the submandibular salivary gland 
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in rats (11) and of tumours of the skin and transplanted adenocarcinomas in 

mice (10, 13) after feeding of high levels of ß-carotene. Spontaneous tumours 

in rats and mice, on the other hand, have been reported not to be influenced 

by a high |3-carotene intake (22). 

In man the basal serum ß-carotene concentrations are distinctly higher 

than those observed in the present hamster study using the same detection 

method (0.25 - 1 ¿/mol/l for adults); others also reported higher values (23, 

24). However, in other species low serum concentrations have been reported. 

For example in mice blood levels of 23 /yg/dl (0.04 μιηοΐ/ΐ) have been observed 

after feeding of a high (S-carotene diet (25). In the present study the highest 

value observed in individual animals fed the high 0-carotene diet was 0.09 

ілю1/1. The liver retinol and |5-carotene levels were distinctly increased in 

the high dose group in the present study, indicating that (3-carotene was 

transferred through the intestinal wall and accumulated to some extent in the 

liver. The absence of grossly observable yellow-orange discolouration of fatty 

tissue, either subcutaneously or at other sites, indicates that the pattern of 

accumulation in the hamster is different from that in men. In the latter 

species a yellow-orange skin colour occurs after feeding of large amounts of 

ß-carotene, due to accumulation in the subcutaneous fatty tissue. A similar 

discolouration has occasionally been reported for rats (22), although it does 

not seem to represent a consistent finding in laboratory animals. 

The possibility should be considered that in the present study the ß-

carotene accumulation was not sufficient to exert a tumour inhibiting effect. 

The increase in liver vitamin A, though statistically significant, was 

certainly not dramatic and far below the level attained by feeding of a high 

vitamin A dose (26). This observation might indicate that ß-carotene is 

apparently not largely converted to retinol in either the intestinal wall or 

the liver. The above considerations do not preclude an in situ conversion of 

free circulating ß-carotene in target organs such as the respiratory tract by 

the enzyme dioxygenase, that is present also in tissues other than the 

intestines. Unfortunately in the studies where ß-carotene has been found to 

inhibit cancer in experimental animals, blood and liver ß-carotene or retinol 

levels were not reported to be measured. 

In this respect the role of the dietary fat content should also be considered. 

The absorbtion of ß-carotene in the intestinal epithelium is strongly enhanced 

by dietary fat. Rodent diets, including those used in the present study, have 

low fat contents (5%). Perhaps the serum ß-carotene concentrations would have 
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been higher when a high fat diet was used. This aspect should be investigated 

in further studies. 

Vitamin A is able to inhibit the carcinogen induced metaplasia in the 

respiratory tract (26). A similar effect was not observed in a convincing way 

in the ß-carotene group of the present study, although in males there appeared 

to be a slight trend towards lower incidences of metaplastic changes. 

The figures pointed to an inverse association between serum retinol 

content and the risk for respiratory tract tumours, irrespective of the 

dietary treatment. These data are in accordance with literature where a 

similar negative association has been described in a study with induced lung 

tumours in rats (27). Evidence of an inverse association is also provided by 

the epidemiology (28, 4) and case control studies with lung cancer patients 

(29, 30) which pointed to an inverse association between serum vitamin A and 

risk for lung cancer. Also an inverse association between serum ß-carotene and 

risk for lung cancer has been reported (31). On the other hand, some studies 

have been reported in which such an inverse relationship between serum vitamin 

A and lung cancer was absent, both in man (32, 33) and in animals (34, 35, 

36). These inconsistencies might indicate that, except for the vitamin A or ß-

carotene concentration in the diet and serum, there are other factors that 

determine the magnitude of the modifying effect of these micronutrients. These 

factors might include transport pathways of retinol and ß-carotene by retinol 

binding protein and low density and very low density lipoproteins 

respectively. 

In a previous study on the effect of vitamin A on benzo(a)pyrene induced 

respiratory tract tumours in hamsters (26), no association between serum 

retinol values and risk for respiratory tract tumours was found (unpublished 

observations). However, the serum retinol values in the present study are only 

about 65% of those determined in the previous one. In both studies the same 

method of serum retinol determination was used. Maybe this remarkable 

difference in serum retinol values plays a role in the inconsistency of the 

results of both studies as to the association of serum retinol and the risk 

for tumours. Perhaps this negative association is only disclosed when the 

serum retinol values are relatively low. If this is so, it is essential to 

elucidate which factors determine the basal serum retinol values, and which 

factors may modify these values. An important difference between both studies 

was the type of diet that was based on natural ingredients in the previous 

study and semisynthetic in the present one. This is suggestive for dietary 
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factors influencing the serum retinol regulation. In order to clarify the 

complex relationship between diet, serum retinol and risk for respiratory 

tract cancer it is primarily of importance to identify the factors that 

determine or influence the vitamin A content of the blood. The modifying 

effect of dietary vitamin A and ß-carotene on respiratory tract cancer might 

indirectly depend upon these factors. Additional work is necessary to prove 

this assumption and to elucidate the nature of these factors. 
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ABSTRACT 
The effects of dietary vitamin A and ß-carotene were studied in Syrian 
hamsters by feeding diets containing vitamin A at levels up to 400.000 IU/kg 
or ß-carotene at levels up to 1.130.000 lUAg for 106 days. Vitamin A induced 
liver pathology and mortality at 400,000 ІЦЛд diet, but not at 100.000 Щ Л д . 
ß-Carotene did not induce any toxic effect at the dose levels used. In animals 
fed various levels of vitamin A there was a considerable dose related ac
cumulation of vitamin A in the liver, while the serum retinol concentrations 
were slightly increased in males only. Animals fed various levels of ß-caro
tene showed a slight increase in liver vitamin A and liver ß-carotene, in
dicating that the hamster is able to transform part of the ingested ß-carotene 
to vitamin A and to take up limited amounts of unchanged ß-carotene. The serum 
retinol concentrations showed a dose-related increase in females only, but 
serum ß-carotene was in most cases below the detection limit. 

INTRODUCTION 

Vitamin A and ß-carotene have been claimed to be able to modify several 

epithelial types of cancer, including lung cancer. The Syrian hamster is 

frequently used in experimental lung cancer research. However, from the liter

ature only limited information is available on the possible adverse effects of 

a high dietary intake of vitamin A or ß-carotene in this species. Neither is 

known how the oral intake of ß-carotene influences the serum and liver vitamin 

A and ß-carotene concentrations in the hamster. This might be of importance 

since ß-carotene might influence carcinogenesis by raising the serum ß-caro

tene or, perhaps, the serum retinol levels. The objective of the present study 

was to investigate the influence of dietary vitamin A or ß-carotene intake on 

their serum and liver concentrations and to detect the toxic effect level for 

hamsters. The effects of vitamin A and ß-carotene were studied in separate 

experiments. 
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EXPERIMENTAL 

Weanling Syrian hamsters were obtained from the TNO Central Institute for 
the Breeding of Laboratory Animals, Zeist, The Netherlands. They were housed 
in macrolon cages on sterile sawdust, two hamsters per cage, under standard 
conventional laboratory conditions. 

The percentage composition of the natural ingredient basal diet was as 
follows: soya bean oil meal 13.0, ground whole maize 29.4, ground whole wheat 
11.0, instant wheat product 15.0, pregelatinized starch 10.0, fish meal 6.0, 
meat scraps 3.0, brewer's yeast 3.0, grass meal 4.0, whey powder 2.0, steamed 
bone meal 0.4, trace-mineralized salt 0.5, vitamin D, Ε, К preparation 0.3 
(providing per kg of diet: 2500 IU vitamin D3, 3 mg DL-a-tocopherol acetate 
and Θ0 mg menadione Na bisulphite) vitamin В mixture 0.2 (providing in mg per 
kg of diet: thiamine.HCl 20; riboflavin 15; pyridoxin.HCl 6; niacin 90; Ca 
pantothenate 40; biotin 0.6; folic acid 2; vitamin B12 0.01 and inositol 100), 
choline chloride (50%) 0.2, soya bean-oil 2.0. Molasses/water was added as a 
binding agent (5%). The fat content of the diet was 5% (w/w) and the protein 
content was 20% (w/w). In experiment I the basal diet was supplemented with a 
1:1 mixture of retinylpalmitate and retinylacetate stabilized on a carrier 
(Dohyfral extra A-500, Duphar) to provide dietary vitamin A concentrations of 
600 (unsupplemented basal diet), 4.000, 100.000 and 400.000 lUAg diet. In 
experiment II the basal diet was supplemented with water-dispersible beadlets 
containing 10% pure ß-carotene (Roche) to obtain dietary ß-carotene levels of 
1000 (unsupplemented basal diet), 3850, 95.000, 570.000 and 1.130.000 lUAg 
diet. An additional group received the same basal diet supplemented with 
95.000 lU/kg vitamin A. Each diet was fed ad libitum for 106 days to groups of 
10 male and 10 female hamsters. Individual body weights and food intake per 
cage were recorded weekly. At autopsy on day 106 blood was taken from the 
abdominal aorta, under ether anesthesia, for determination of serum retinol 
(free retinol together with retinol bound to retinol binding protein) (1), 
serum total vitamin A (free and bound retinol, together with retinylesters, 
but excluding retinole acid and carotenes) (2), and ß-carotene (experiment II 
only) (3). Samples of the liver were taken and liver total vitamin A (2), and 
liver ß-carotene (experiment II only) (3), were determined. In experiment I 
the liver, kidneys, lungs, trachea, larynx, eyes, cervix, oesophagus and 
thymus were fixed in formalin. The above organs along with testes, epididym
ides, heart, intestinal tract, assessory sex glands, urinary bladder, brain, 
adrenals, salivary glands, lachrymal glands, lymph nodes, aorta, pancreas, 
thyroid, uterus and ovaries were preserved in formalin in experiment II. These 
organs were processed histologically, using conventional methods, and examined 
microscopically. 

RESULTS 

Experiment I; Effect of dietary vitamin A. 

Towards the end of the study body weights were slightly reduced in the 

400.000 IU vitamin A group only. Food intake was not distinctly affected. 

After about 6 weeks the health condition of the animals of the 400.000 IU 

group declined, especially in females. Five females of this group died during 

the experiment, on day 42, Θ5, 90 (2x) and 91, all remaining females of this 
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group were killed in extremis on day 92. No deaths occurred in males or in 

females of the lower dose groups till the end of the experiment at day 106. In 

males there was a slight though statistically significant increase in serum 

retinol concentrations with increasing oral vitamin Adose (table I). In 

females such a trend was absent. Serum total vitamin A (retinol plus retinyl-

esters) was distinctly increased in the 400.000 IU group in both sexes, prob

ably indicating a considerable increase of free circulating or chylomicron 

bound retinylesters. In the other dose groups the serum total vitamin A values 

were about twice the values of serum retinol. This is probably partly due to 

the less specific method of determination. The total vitamin A concentrations 

should therefore be considered together with the much more specific serum 

retinol values. 

Table I. Mean serum retinol and total vitamin A concentrations and 
liver total vitamin A concentrations in hamsters fed various 
dietary levels of vitamin A. 

dietary 
level 

600 IU 
vitamin A 

4.000 IU 
vitamin A 

100.000 IU 
vitamin A 

400.000 IU 
vitamin A 

serum 
retinol vit A 

/япоі/і 
HALES 
1.08 
0.07 

8 

1.21 
0.07 
10 

1.33 
0.08 

9 

1.4Г 
0.04 

8 

2.10 
0.28 

7 

2.21 
0.15 

9 

3.48 
0.32 

9 

** 
10.13 
3.00 

9 

liver 
vit A 
/umol/kg 

400.0 
38.4 
10 

718.9 
63.7 
10 

5622.t* 
378.0 

10 

4627 J* 
1118.3 

10 

serum 
retinol vit A 

(umol/l 
FEMAI.F.S 
1.22 
0.06 

9 

1.36 
0.10 

9 

1.27 
0.06 

9 

1.47 
0.38 

3 

2.60 
0.28 

8 

2.82 
0.20 

9 

2.86 
0.20 

9 

15.20a) 
15.27 

2 

liver 
vit A 
¿/mol A g 

373.0 
12.5 
10 

612.8* 
48.6 
10 

6761.1* 
329.2 

10 

η.m. 

The mean, SEM and number of specimens are given, n.m. » not measured 
a) only data of 2 animals available: 26.0 and 4.4 μΐηοΐ/ΐ 
Statistics: analysis of variance + Dunnetts multiple comparison test, 
* - P<0.05, ** » P<0.01 

The liver vitamin A concentrations showed a dose response relationship and 

were dramatically increased in the 100.000 and 400.000 IU group. In the 

highest dose group this increase was accompanied by increased liver weights 

and by histopathological hepatic changes. These were characterized by 1) oval 
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cell proliferation, 2) prominence of Kupffer cells and brown pigment accumula

tion within Kupffer cells, individual hepatocytes and portal tracts, 3) in

tranuclear vacuolation and nuclear enlargement in parenchymal cells, and 

4) hepatocellular necrosis. Microscopy of the other organs processed was 

essentially negative. 

Table II. Mean serum retinol and total vitamin A concentrations and 
liver total vitamin A and ß-carotene concentrations in animals fed 
various dietary levels of ß-carotene. 
dietary 
carotene 
level 

control 
(1000 IU 
ß-carotene) 

3850 IU 
ß-carotene 

95.000 IU 
ß-carotene 

565.000 IU 
ß-carotene 

serum 
retinol vit A 

/ymol/l 
HALES 
0.98 
0.11 

8 

0.96 
0.04 

8 

1.06 
0.11 
10 

0.96 
0.04 
10 

1.130.000 IU 0.94 
ß-carotene 

95.000 IU 
vitamin A 

0.05 
9 

0.94 
0.02 

9 

1.81 
0.30 

8 

1.70 
0.18 

4 

2.02 
0.26 

5 

3.14 
1.29 

7 

1.77 
0.26 

6 

3.2Γ 
0.18 

7 

liver 
vit A carot 

/umol/kg 

178.3 
55.5 

10 

177.4 
16.1 

10 

435.Г 
64.7 
10 

** 
507.9 
29.9 
10 

** 
532.7 
32.0 
10 

2873.§ 
404.9 

9 

0.39 
0.21 
10 

0.19 
-
9 

3.25 
0.90 

9 

3.46 
0.44 

9 

1.9*9* 
1.80 
10 

<0.19 
-
10 

serum 
retinol vit A 

/umol/1 
FEMALES 
0.92 
0.08 
10 

1.02 
0.09 
10 

1.11 
0.07 

8 

i.iê 
0.05 
10 

і.зГ 
0.09 

9 

1.03 
0.10 
10 

2.36 
0.12 
10 

1.91 
0.17 
10 

2.71 
0.14 

9 

2.18 
0.18 
10 

2.89 
0.44 

9 

2.77 
0.27 
10 

liver 
vit A 
¡umol/kg 

120.8 
12.7 
10 

179.7 
23.6 
10 

336. Γ 
25.7 

10 

346. Г 
20.4 
10 

421.Г 
38.6 
10 

2573,8* 
448.1 

9 

0.21 
0.02 
10 

0,21 
0,02 
10 

0.57 
0.04 

9 

0.92 
0.16 
10 

2.5Î 
0.36 
10 

0.31 
0.10 

9 
The mean, SEM and number of specimens are given. Statistics: analysis of 
variance + Dunnetts multiple comparison test. * =P<0.05, ** =P<0.01 

Experiment II; Effect of dietary ß-carotene. 

Body weight, food intake, general condition and behaviour were not af

fected by ß-carotene given at dose levels up to 1.130.000 lU/kg diet. Food 

intake was increased in animals of the additional group fed 95.000 lU/kg 

vitamin A. Serum retinol was not influenced in males, but increased in females 

with increasing dietary ß-carotene level (table II). Serum ß-carotene levels 

were low and were almost invariably below the level that could be detected 

(<0.05 /лпоі/і); two males of the highest dose group showed serum ß-carotene 

level of 0.09 and 0.05 ¿/mol/l, respectively. Liver vitamin A increased with 
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increasing dietary ß-carotene levels, indicating that p-carotene is partly 

converted to vitamin A. However, the levels attained were far below those 

observed after feeding of a high vitamin A diet. Liver (3-carotene concentra

tions showed a distinct dose related increase, although the concentrations 

remained relatively low in comparison with the amount of liver vitamin A. The 

weights of liver, kidneys, thymus and spleen were not affected by fî-carotene, 

while liver weights were slightly increased in males fed the additional high 

vitamin A diet. Gross examination at autopsy did not reveal any yellow-orange 

discoloration of tissues. Neither were the faeces or urine of the hamsters 

discoloured. Histopathology of the organs collected at autopsy was negative. 

DISCUSSION 

The feeding of vitamin A at levels up to 400.000 IU/kg diet caused 

treatment-related adverse effects at the highest dose level characterized by 

slightly reduced growth and degenerative liver changes in both sexes and 

mortality in females. At 100.000 lUAg no relevant toxic effects were noticed 

in the first experiment while in the second experiment the liver weights of 

the additional vitamin A group were slightly increased, indicating that this 

dietary level is near the no-toxic effect level. In the present study this 

level provides about 6500 IUAg/day. In man the toxic effect level has been 

reported to be between 2.500 and 50.000 IUAg/day ( 4 ), depending upon the 

duration of intake. The feeding of 0-carotene at levels up to 1.130.000 lUAg 

diet to hamsters for 106 days did not reveal any adverse effects, which is 

consistent with literature data from studies with other species (5). 

The serum retinol concentration is homeostatically controlled via 

retinol-binding protein (RBP) and is generally assumed to be stable over a 

wide range of oral intake, in the present study there appeared to be a sig

nificant positive trend of the serum retinol concentrations with increasing 

dietary vitamin A or ß-carotene levels. This trend occurred only in one sex, 

i.e. for the vitamin A experiment in males and for the (5-carotene experiment 

in females. These results might indicate that apparently, under certain, yet 

not defined circumstances, the serum retinol concentrations can rise after 

feeding of a high dose of vitamin A or ß-carotene. There was no relation with 

the time during the day that the animals were killed, indicating that the 

differences are not associated with some postprandial effect. 
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Contrary to serum retinol, serum ß-carotene is transported through the 

bloodstream mainly in the lipoprotein fraction. In several species, including 

man, the serum ιϊ-carotene concentration reflects the oral intake. In the 

present study the serum ß-carotene concentrations were in most cases below the 

level that could be detected with the HPLC method used (<0.05 /лпоі/і). The 

concentrations are distinctly lower than in humans, where basal serum ß-caro

tene levels of 0.25-1 /лпоі/і are measured, using the same detection method. 

The fat content of the diets used was normal for rodents (5% w/w), but rela

tively low as compared to the amount of fat that is generally consumed by 

humans (20% w/w). This difference in fat content of the diets may partly 

explain the low serum ß-carotene levels observed in the present study since in 

man the uptake of ß-carotene in the intestinal mucosa is strongly stimulated 

by dietary fat. In other laboratory animal species similar low serum ß-caro

tene concentrations have been reported upon feeding of high ß-carotene levels; 

0.04 irtnol/l for mice (6) and 0.05 - 0.13 imol/1 for rats (7). The amount of ß-

carotene in the liver, observed in the present study, is distinctly higher 

than reported for mice (0.24 /лшзі/ kg) or guinea pigs (0.14 /лпоі/кд) (6). Our 

results indicate that a major part of the absorbed ß-carotene is transformed 

to vitamin A and stored in the liver, which is consistent with observations in 

rats ( ). 

The results of the present studies indicate that, like other "white fat 

animals", the hamster is able to convert small amounts of orally ingested ß-

carotene to vitamin A, and to take up small amounts of unchanged ß-carotene 

that is stored in the liver and perhaps also in other organs. The results of 

the present study also suggest that the relation between intake of dietary 

vitamin A or ß-carotene and concentration of these micronutrients in serum and 

liver, might be influenced by yet unknown factors, which deserve further 

exploration. 
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CHAPTER 8 

NUTRITION AND LUNG CANCER 

INTRODUCTION 

Epidemiological studies indicate that nutritional habits may be of impor

tance for the occurrence of various types of cancer, such as breast cancer and 

colon cancer. These data are supported by the results of animal experinvents, 

indicating a modifying effect of nutritional factors on cancer of the mammary 

gland, colon and probably prostate and pancreas. On the basis of epidemiologi

cal observations it has been estimated that 70 - 90% of human cancer is as

sociated with life-style factors, such as diet, smoking habits and sexual 

habits (Doll and Peto, 1981). Literature in this field is extensively reviewed 

by several investigators (Bosland, 1986; Reddy, 1980, 1986; Graham, 1983; 

Roebuck, 1983; Killer, 1986). Lung cancer is the main cancer in men and the 

incidence is rising in women in several countries. Tobacco smoking is con

sidered as the important causative factor for lung cancer; to assume a rela

tion between diet and lung cancer seems to be rather peculiar. This might be 

the reason that in the literature relatively little attention has been paid to 

a possible role of diet in the etiology of lung cancer. Only the role of 

vitamin A has been investigated extensively. Nevertheless there are some 

theoretical considerations as well as indications from epidemiological and 

experimental investigations, that might point to an effect of nutritional 

factors on lung cancer. Dietary factors are generally regarded as modifyers of 

the process of carcinogenesis, and not as the initiating agent itself. The 

mechanisms that are able to modify carcinogenesis of the other major cancer 

sites might also act in the case of lung cancer. Proposed mechanisms are 

effects on carcinogen metabolism or activation, membrane permeability of 

target cells, cellular differentiation, prostaglandin synthesis, immune re

sponse, DNA repair and formation of promoting factors. The role of most of 

these mechanisms in carcinogenesis is merely hypothetical. 

Nutritional factors that are frequently mentioned in connection with cancer 

are dietary fat, caloric restriction, selenium, dietary fiber and (pro)vitainin 

A. These factors, together with some others, are discussed in this paper in 

connection with lung cancer development. 

1 CIVO Report no V86.424, (1986), R.B.Béeras. 

109 



DIETARY FAT 

Epidemiology 

Dietary fat has been hypothesized to increase the risk for cancer of the 

breast and colon and probably also prostate and pancreas. Epidemiological 

studies did generally not especially focus on the relation between dietary fat 

and lung cancer. However, several large-scale geographical correlation studies 

have been carried out involving large and heterogeneous populations in various 

countries and regions, and a variety of cancer types. Upon a closer inspection 

of the epidemiological data it appears that occasionally indications can be 

found for a positive association between dietary fat consumption and lung 

cancer. Carroll (1975) reported a positive correlation between dietary fat 

consumption and several types of cancer. These results, based on cancer in

cidences in 40 countries, included also a positive correlation between fat 

intake and cancer of the lungs, bronchi and trachea in males (r = +0.710). 

Schrauzer (1976) observed a positive relation in females in a geographical 

correlation study involving 18 countries. Also the results of the "Seven 

Countries Study" (Keys, 1980) might point to an enhancing effect of dietary 

fat on lung cancer. In the latter study a four times higher lung cancer mor

tality was observed in the Netherlands as compared with Japan. The proportion 

of smokers in both countries is similar, but fat intake in the Netherlands is 

considerably higher than in Japan. Also differences in ß-carotene intake may 

play a role. In an ongoing analysis of this "Seven Countries Study", a strong 

positive correlation between dietary saturated fat intake and lung cancer 

mortality during 15 years follow up was observed, which persisted after 

correcting for differences in smoking habits. However, within the Dutch part 

of the study, the "Zutphen cohort", the relation between saturated fat intake 

and lung cancer was not statistically significant (Kromhout, 1986; personal 

communication). 

Although most of these studies were not especially designed to inves

tigate lung cancer, and, moreover, they may easily be biased by differences in 

smoking habits and perhaps other life-style factors between the populations 

which were investigated, they provide at least some indications that dietary 

fat may play a role in the etiology of lung cancer. Contrary to the above 

studies Mettlin (1979) and Beyers (1984) did not find a correlation between 

cigarette smoke-induced lung cancer and dietary fat. In most other large scale 

epidemiologic studies lung cancer was not taken into consideration. So we can 
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conclude that epidemiological studies occasionally point to an enhancing 

effect of dietary fat on lung cancer development, but the literature is lim

ited and the results are not consistent. 

Animal experiments 

Laboratory animal experimentation provides more distinct evidence for an 

enhancing effect of dietary fat on respiratory tract cancer. Our studies with 

benzo(a)pyrene induced respiratory tract tumours in hamsters showed a statis

tically significant increase in epidermoid papillomas, epidermoid carcinomas 

and combined epidermoid and adenocarcinomas (Beems, 1984). The increase was 

more pronounced in animals fed an unsaturated fat diet (20% sunflower oil) 

than in animals fed saturated fat (20% beef tallow), similar to studies on 

mammary carcinogenesis (Carroll, 1971, 1981). These results have been con

firmed in a recent study on selenium and lung cancer in hamsters, where ani

mals fed a high unsaturated fat diet (20% sunflower oil) showed higher in

cidences of lung adenomas and epidermoid respiratory tract tumours, than did 

controls fed a low fat diet. This enhancing effect occurred irrespective of 

the selenium content of the diets (Beems, 1986). Also other authors recently 

reported enhancement of respiratory tract tumours in hamsters fed high fat 

(corn oil) diets (Birt, 1983; Birt, 1985). These tumours were induced by n-

nitrosobis(2-oxopropyl)aiiu.ne (BOP) and comprised pulmonary adenomas. In this 

respect also the study of Szepsenwohl (1964) should be mentioned, who observed 

a considerable increase in spontaneous lung tumours in mice fed extracted egg 

lipids. 

The reasonably good evidence for a modifying effect of dietary fat on 

chemically induced cancer of the respiratory tract in hamsters deserves fur

ther verification in other species and in epidemiology as well. 

Possible mechanisms of action of dietary fat 

In cancer of the breast and colon fat is considered to act by specific 

mechanisms, involving hormonal systems and local intestinal environment, 

respectively. The mechanism by which fat influences carcinogenesis at other 

sites is unknown, but several possibilities have been hypothesized that may 

also be valid for the respiratory tract. The fatty acid composition of cel

lular membranes is, to some extent, a reflection of the dietary intake 

(Hopkins, 1976; Hopkins, 1977; Holman, 1986). Alterations of the fatty acid 

component of membrane phospholipids may significantly affect the permeability 
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of the target cells and the activity of intracellular membrane associated 

enzymes (Awad, 1986), such as the drug metabolizing enzymes which are present 

in several organs including liver and lungs. This might lead to an altered 

balance between activating and deactivating reactions and thus provoke a 

prolonged or enhanced exposure of target raacromolecules to active metabolites. 

This agrees with animal experiments which revealed that metabolism of benzo-

{a)pyrene is dependent upon the lipid composition of the diet. Particularly, 

polyunsaturated fat and the presence of lipidperoxides enhance its rate of 

metabolism (Hammer, 1980; Hopkins, 1976). The effect of dietary fat on drug 

metabolism has recently been reviewed by Wade (1986). 

Animal experimentation provides some evidence that inmtunity may be depressed 

by high dietary fat levels (Beisel, 1981, 1982; Hoffman-Goets, 1981), which 

might indirectly lead to increased cancer incidences (Newberne, 1981). Again, 

especially unsaturated fat appears to be active in this respect (Hopkins, 

1976; Kollmorgen, 1979; Vitale, 1981). 

Dietary fat may influence prostaglandin production by providing linoleic acid 

and linolenic acid which, via eicosapentanoic acid and arachidonic acid, are 

precursors of several prostaglandins. The role of prostaglandins in carcino

genesis receives increasing attention (Smith, 1983). Increased prostaglandin 

levels have been noticed in various types of tumours and factors that inhibit 

prostaglandin production might also inhibit tumour formation. 

Finally, because of the high energy content, the consumption of high fat diets 

may be considered as caloric excess. Caloric restriction is known to reduce 

tumorigenesis at various sites. Perhaps caloric excess would enhance cancer by 

a still unknown mechanism. 

Whether one or more of the above mechanisms really have significance in rela

tion to cancer, and especially to lung cancer, needs to be elucidated. For 

each of them experimental evidence is scanty. 

CALORIC RESTRICTION 

Several investigators reported reduced incidences of both spontaneous and 

induced tumours of various types, prolonged latency times and increased life

span in mice subjected to dietary restriction (Tannenbaum, 1959; Larsen, 

1941). Similar effects have been observed in rats (Ross and Brass, 1973 and 

1974; Miller and Miller, 1953). The modifying effect of dietary restriction on 
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lung cancer, both spontaneous and induced, has only been studied in mice. 

Several authors reported a decreased incidence of spontaneous lung tumours by 

caloric restriction (Tannenbaum, 1959; Conybear, 1980; Larsen, 1941). 

Giovanella (1982) reported reduced growth of human lung cancer that was trans

planted in mice which were fed restricted diets. Since the intake of all 

nutrients was simultaneously depressed these experiments were inconclusive as 

to the question whether the effect on cancer was due to some specific nutri

ent, e.g. fat, or to energy restriction per se. 

It should be kept in mind that spontaneous lung tumours in mice are of 

alveologenic origin and both morphologically and ontogenetically quite 

different from the hamster and rat lung tumours that resemble much more the 

human bronchogenic carcinomas. 

Epidemiological data on the effect of caloric restriction per se on the 

risk of cancer are difficult to obtain. Much of the data is indirect and based 

on the association between body weight and cancer. There are indications that 

this relationship exists for some types of cancer, e.g. cancer of the 

endometrium and gall bladder (Lew, 1979; Doll, 1981). However, lung cancer 

took a special place in this respect, since thin men and women were at higher 

risk than were large persons. A similar negative association between body 

weight as well as skinfold thickness and risk for lung cancer in both sexes 

was reported by Tulinius (1985). The negative association persisted after 

correcting for smoking habits and existed already several years preceding the 

diagnosis of lung cancer. 

In our experiments on benzo(a)pyrene induced lung tumours in hamsters (Beems, 

1984, 1986) a correlation between the presence of lung tumours and body weight 

earlier in life was absent (unpublished observations). 

SELENIUM 

Epidemiology 

Epidemiological data derived from geographical correlation studies pro

vide weak indications that several types of cancer, including lung cancer, 

might be influenced by dietary Se. Schrauzer (1977) pointed to the consider

able variation that exists in the dietary intake of Se in different countries, 

varying between 57,8 (Netherlands) and 107 mg/year (Bulgaria). His epidemi

ological observations indicated that mortality from lung cancer in the various 
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countries showed a weak inverse association with dietary Se intake that was 

statistically significant for males (P= 0.02). He observed also a small nega

tive correlation between blood Se levels and lung cancer incidence that was 

statistically significant for both males and females. The epidemiological 

studies of Shamberger (1976) in which he conpared mortality from tumours in 

low and high Se areas in the U.S., also indicated an inverse association 

between dietary Se intake and a variety of tumours, including lung cancer. A 

prospective study performed by Willett et al (1983) indicated that subjects 

who developed cancer during the following 5 year initially had relatively low 

serum Se levels as compared with matched cancer-free subjects. The largest 

differences were observed in gastro-intestinal and, to a lesser extent, in 

prostatic cancer. Also lung cancer was involved, but the difference in initial 

serum Se levels between lung cancer patients and tumour free controls was not 

statistically significant. Broghamer (1976) observed that cancer patients, 

including those with lung cancer, who exhibited low serum Se levels, showed 

higher incidence of multiple tumours, metastases and rates of recurrence. 

Animal experiments 

A variety of animal experiments points to a modifying effect of Se on 

carcinogenesis. These experiments involve a spectrum of carcinogens as well as 

tumour types. Most of the work has been done with the dimethylbenzanthracene 

(DMBA) induced mammary tumour model. In this induction model Se deficiency 

enhanced and Se excess reduced the tumour response in both rats and mice. Not 

only chemically induced cancer but also virus induced cancer of the mammary 

gland (Medina, 1981), transplanted tumours (Poirier, 1983) and spontaneous 

tumours were inhibited. Moreover, rats fed a diet high in unsaturated (corn 

oil) fat were more sensitive to Se depletion than those on a low fat diet (Ip 

1981). Other induced tumours that were inhibited by Se included colon tumours 

in rats (Jacobs, 1977; Birt, 1982), liver tumours in rats (Griffin, 1977), 

skin/subcutis tumours in mice (Wilt, 1979; Witting, 1982) and pancreas 

preneoplastic foci in hamsters (O'Connor, 1983). 

Only a few studies produced data on respiratory tract tumours. In a 

study, designed to investigate the effect of Se on BOP induced colon tumours 

in rats, also several lung adenocarcinomas were found (Birt, 1982). These lung 

tumours did not occur in the group fed a high Se diet. Although the incidence 

was relatively low, these observations are suggestive of a tumour inhibiting 

effect of Se on adenocarcinomas in the lungs of rats. Tian (1986) reported the 
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reduction of methylcholanthrene-induced lung carcinogenesis in rats by Se, 

that was administered either as 1.5 ppm sodium selenite in the drinking water, 

or as Se-containing yeast. Thompson (1979) investigated the effect of dietary 

Se on methylnitrosourea (MNU) induced tracheal tumours in hamsters. However, 

the incidence of these tumours, mainly combined epidermoid and 

adenocarcinomas, was not influenced by the high (5 ppm) dietary Se level. The 

authors suggested that these negative results may be due to the type of car

cinogen used, which was a direct acting one. In our study (Beems, 1986) we 

used benzo(a)pyrene as a respiratory tract carcinogen which needs metabolic 

activation. The dietary administration of 5 ppm. Se did not reduce the in

cidence of benzo(a)pyrene-induced respiratory tract tumours, either in a low 

fat diet or in a high unsaturated fat diet. Neither were serum or liver Se 

concentrations correlated with the risk for respiratory tract cancer, although 

these levels were distinctly increased in hamsters fed high Se diets. Such an 

inverse association has been reported in man (Schrauzer, 1977, Willett, 1983, 

Broghamer, 1976). So modification of metabolic activation and the presence of 

polyunsaturated fat are apparently not important factors in the interaction of 

Se with carcinogenesis in the hamster. The possibility should be considered 

that species differences exist in the susceptibility for the modifying effect 

of Se. Since only Se excess was tested in the animal studies on respiratory 

tract cancer, it can also not be excluded that a truly deficient diet would 

enhance respiratory tract cancer. These aspects should be investigated in 

further experiments. 

Mechanistic considerations 

Several mechanisms have been proposed for the inhibition of chemical 

carcinogenesis by Se. As an integral component of glutathione peroxidase Se 

plays an important role in the destruction of organic hydroperoxides and 

lipoperoxides and the removal of H-0-. Therefore Se should theoretically be 

most active in diets with a high polyunsaturated (PUFA) fat content. However, 

the role of the antioxidant properties of Se in inhibiting carcinogenesis 

remains a matter of discussion and conflicting results have been reported in 

this respect (Ip, 1985). 

Other concepts discussed in literature are the modifying effect of Se on other 

drug metabolizing enzymes (Capel, 1980; Marshall, 1980; Gairola, 1982; Chow, 

1981), the stimulating effect of Se on the immune cytotoxicity (Spallholtz, 

1981), Se mediated reduction of the rate of DNA synthesis and cell turnover in 
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target tissues (Harbach, 1981) and increased repair of DNA damage (Birt, 

1982). The exact nature of the mechanism involved in the modifying effect of 

Se on carcinogenesis of several organ systems is not well established up till 

now. 

As yet there is no convincing evidence that Se plays a major role in the 

etiology of lung cancer, either in humans or in experimental animals. However, 

the literature on this cancer type in relation with Se is limited. 

CHOLESTEROL 

Serum cholesterol and lung cancer in humans 

In several publications either endogenous or exogenous cholesterol has 

been mentioned in connection with cancer. However, the conclusions show some 

variability. A negative association between various types of cancer, including 

lung cancer, and serum cholesterol was observed by Rose (1980). The results of 

his study might be interpreted as an effect of the tumour on the serum choles

terol concentration rather than evidence of low serum cholesterol levels 

preceding tumour formation. Similar results were obtained by Kagan (1981). In 

this study the inverse relationship between serum cholesterol and lung cancer 

remained after removing of mortality during the first 2 years after the start 

of the study, thus compensating for subclinical disease. However, the effect 

became less pronounced. Keys (1985) reported a significant excess in lung 

cancer deaths in that part of the population that showed the lowest serum 

cholesterol levels. The excess could not be explained by other parameters, 

including smoking habits, vitamin A or vitamin С intake. Similar indications 

were provided by Kark (1980) and Davis (1983) from the Evans County study. 

Other investigators were not able to confirm these results (Stähelin, 1984), 

or even found a positive correlation with cancer (Dyer, 1961). 

The studies on serum cholesterol generally indicate that high serum choles

terol levels correlate with high mortality from coronary heart disease, while 

low serum cholesterol concentrations are more often correlated with increased 

mortality from cancer. 

Dietary cholesterol 

Contrary to serum cholesterol, dietary cholesterol has occasionally been 

reported to be positively correlated with cancer. Kolonel (1981) in an 
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epidemiologie study with 4657 adults from the 5 main ethnic groups in Hawaii 

observed a positive correlation of cholesterol intake with lung cancer and 

laryngeal cancer. The authors suggest that the association might be indirect, 

due to an underlying pattern of dietary habits common to smokers. In a case 

control study with 364 lung cancer patients and 627 matched controls from the 

multiethnic population of Hawaii, Hinds (1983) confirmed the positive correla

tion between dietary cholesterol intake and risk for lung cancer, even after 

adjusting for various factors including smoking habits. Heilbrun (1984), on 

the other hand, did not observe any correlation between dietary cholesterol 

intake or serum cholesterol and the risk for lung cancer in a prospective 

study with 7539 men from Japanese ancestry in Hawaii. 

Animal experiments 

Animal experimentation on cholesterol and lung cancer is limited. 

Szepsenwol (1966) reported an increased incidence of lung tumours in mice 

after feeding of high dietary cholesterol levels. In a study on the modifying 

effect of 0-carotene on benzo(a)pyrene induced respiratory tract tumours in 

hamsters (Beems, 1986), logistic regression analysis revealed a positive 

correlation between serum cholesterol and the risk for respiratory tract 

cancer (unp\iblîshed observations). However, in another long-term study with 

selenium in hamsters no such effect was observed (Beems, 1986). 

These observations, together with those from epidemiology, suggest that 

the relation between cholesterol and cancer, if present, is complex and prob

ably indirect. It should be kept in mind that cholesterol is transported in 

the serum via lipoproteins, which serve also as carrier for fat and fJ-caro-

tene, dietary components that have also been mentioned in relation to cancer. 

Little is known about the mutual relationships between dietary fat, choles

terol, ß-carotene and circulating blood lipoproteins. This relationship may 

provide a key to the indications of a relationship between cholesterol, either 

in the diet or in the serum, and carcinogenesis, as occasionally noticed. 
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VITAMIN A 

Dietary (pro)vitamin A, epidemiology 

Vitamin A, of all nutritional factors, has most frequently been mentioned 

in connection with lung cancer. The role of this vitamin has been investigated 

in several population-based epidemiological studies as well as patient-control 

studies, and in animal experiments. In most cases an inverse association was 

reported with the risk for lung cancer. In a five year follow up study with 

Θ27Θ men Bjelke (1975) found an inverse correlation between dietary vitamin A 

intake and lung cancer incidence. Variations in total vitamin A intake were 

mainly due to variations in the consumption of several vegetables, in par

ticular carrots, but also of milk and eggs. The figures were corrected for 

smoking habits. In a retrospective study Gregor (1960) found a significantly 

lower vitamin A intake of male lung cancer patients as compared with controls. 

Low vitamin A intake was mainly due to low consumption of liver and vitamin A 

containing pills. No relevant differences between cases and controls were 

found in vitamin A consumption from other sources. In a similar study with 374 

male cancer patients and 381 controls carried out by Graham (1981), the risk 

for cancer of the larynx appeared to be twice as high in persons that consumed 

low amounts of vitamin A as conpared with the high vitamin A intake group. The 

difference was statistically significant and the risk appeared to increase in 

a dose related fashion. Unfortunately the dietary sources of the vitamins were 

not mentioned in the paper. In a retrospective study Mettlin (1979) observed a 

reduced risk of lung cancer associated with high vitamin A intake, especially 

in heavy smokers. Vitamin A was mainly consumed as a constituent of carrots 

and milk. No correlation was observed for fat, protein, vitamin С and car

bohydrate consumption. Similarly, in a retrospective study Beyers (1984) 

observed lower vitamin A intake in lung cancer patients than in controls. This 

occurred only in squamous cell tumours and small cell tumours but not in 

adenocarcinomas. 

Peto and Doll (1981) hypothesized that ß-carotene, rather than retinyl-

esters, was responsible for the tumour inhibiting effect observed in epidemio

logical studies. This theory was based on a critical evaluation of the epi

demiological literature and on the observation that in humans the serum 

retinol concentration is strongly under homeostatic control and, under normal 

circumstances, is practically not influenced by the dietary vitamin A intake. 

The (3-carotene concentration of the serum, on the other hand, reflects the 
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dietary intake of this provitamin. This means that upon a high dietary ß-

carotene intake the target organs for tumour formation can be provided with a 

high level of protective ß-carotene. These assumptions are not contradictory 

to the work of other authors since in other studies it was not always clearly 

reported whether the risk was associated with dietary retinol intake or with 

the intake of ß-carotene. 

The hypothesis of Peto and Doll is supported by a prospective epidemiological 

study with 1954 men (Shekelle, 1981) in which a significant inverse relation 

was observed between lung cancer and dietary 0-carotene intake, mainly con

sumed as vegetables, soup and fruits. There was no relation between vitamin A 

intake and risk for lung cancer. Ziegler (1984) reported a case control study 

with 763 male lung cancer patients in which he found an increased risk for 

lung cancer in persons with a low ß-carotene intake several years earlier. No 

such correlation was found for retinol or total vitamin A. The inverse rela

tion with ß-carotene was especially strong for squamous cell carcinomas, and 

was absent for adenocarcinomas. Also the study of Hinds (1984) pointed to a 

protective effect of ß-carotene, but only in males. A retrospective study with 

people of Chinese ancestry in Singapore, carried out by MacLennan (1977) 

revealed that lung cancer patients had a relatively low consumption of green 

vegetables, mainly dark green leafy types, which are rich sources of ß-caro

tene. Also in a large prospective study with 265118 Japanese a distinct in

verse association was observed between consumption of green yellow vegetables, 

containing over lOOOlU/lOOg ß-carotene, and mortality from lung cancer 

(Hirayama, 1979). The effect was most pronounced in former smokers. Also 

another case control study demonstrated that the effect of ß-carotene was 

limited to former smokers (Samet, 1985). 

Perhaps the results of Kromhout (19Θ2) in the "Zutphen study", where a nega

tive association was found between dietary fiber and lung cancer, might indi

cate a protective effect of ß-carotene, since foodstuffs rich in fiber are 

generally also important sources of ß-carotene. 

Serum retinol and lung cancer in humans 

Several investigators reported an increased risk for lung cancer in 

persons with low serum retinol concentrations, both in retrospective studies 

with lung cancer patients (Basu, 1976; Lopes, 1981) and in large-scale and 

long-term prospective epidemiological studies (Kark, 1981; Wald, 1980). In 

cancer patients a reduction of serum retinol of up to 2/3 of the normal values 
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was observed. In prospective studies the inverse association was reported to 

be stronger for lung cancer than for other types of cancer and was independent 

of smoking habits. Moreover, the serum retinol values appeared to be already 

significantly lower a considerable time before the cancer diagnosis was made. 

However, also follow-up studies have been reported in which an inverse as

sociation between serum retinol and lung cancer risk later in life was absent 

(Willett, 1984) or accounted only for serum ß-carotene and not for serum 

retinol (Stähelin, 19Θ4). 

The literature on the relation between vitamin A and lung cancer in 

humans is critically reviewed by Palgi (19Ö4), who pointed to the limitations 

of part of these studies. In his opinion these included too small sample size, 

incomplete vitamin A indices, not taking into account the histologic type of 

the lung tumours and no proper adjustment for several variables. 

In summary, epidemiology and studies on lung cancer patients frequently 

indicate that low vitamin A intake, generally consumed as ß-carotene, and also 

low serum vitamin A levels are correlated with an increased risk for lung 

cancer. The studies do not always provide consistent results, however. Never

theless, the evidence for a protective effect appears to be strong enough to 

conclude that, at least under certain conditions, vitamin A activity 

counteracts lung cancer. 

Animal experiments 

The results of experiments with laboratory animals on the modifying 

effect of vitamin A on respiratory tract carcinogenesis similarly lack consis

tency, although also most animal studies point to a protective effect of 

vitamin A. Saffiotti (1967) was one of the first investigators who studied the 

effect of vitamin A on induced respiratory tract cancer. He observed a reduc

tion of benzo(a)pyrene induced respiratory tract tumours in hamsters that were 

supplied with retinylpalmitate after carcinogen treatment. 

Several other authors, using various types of experimental animals, vitamin A 

analogs and carcinogens, also observed an inverse relationship between vitamin 

A intake and lung ceuicer risk. Cone (1973) found a significant reduction of 

methylcholanthrene induced hyperplastic and metaplastic changes and lung 

tumours in rats receiving a high dose of retinyl acetate. The vitamin A sup-

pletion started 3 weeks before the carcinogen treatment and lasted for life. 
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Port (1975) reduced benzo(a)pyrene induced lung cancer in hamsters by ad

ministration of the synthetic vitamin A analog 13-cis retinoic acid. The 

vitamin A treatment was started after the relatively mild carcinogen exposure. 

Dontenwill (1973) in a chronic inhalation study with cigarette smoke in ham

sters, observed a considerable increase of laryngeal papillary leukoplakias 

and a distinct decrease of verrucous leukoplakias in hamsters that were addi

tionally treated with a high oral dose of retinoic acid. The author inter

preted this finding as the apparent ability of vitamin A to influence the type 

of differentiation of the smoke induced preneoplastic changes. The modifying 

effect of retinoic acid on the incidence of carcinomas could not be estab

lished since only a few carcinomas were found in the study. Both vitamin A and 

cigarette smoke were given simultaneously over a longer period. In a study in 

rats supplemented with various levels of retinoic acid, Nettesheim (1979) 

found an earlier appearance and higher incidence of preneoplastic changes and 

a higher incidence of respiratory tract tumours in the low vitamin A group as 

conpared with the controls. Tumours and preneoplastic changes were not dis

tinctly inhibited by high vitamin A levels. The tumours were induced by in

tratracheal instillation of methylcholanthrene, after an adaptation period of 

5 weeks on the various diets. In another study with rats Dogra (1985) observed 

a considerably enhancing effect of vitamin A deficiency on benzo(a)pyrene 

induced lung tumours. The effect occurred both in the initiation and in the 

postinitiation phase of lung carcinogenesis. Morrison (1981) found a sig

nificant inhibition of hyperplastic, metaplastic and neoplastic lesions in the 

lungs of mice by the administration of retinyl palmitate, given by 

intraperitoneal injection. The vitamin was given after exposure with fiber 

glass which was used as tumour inducing agent. 

In addition to aforementioned studies that point to a negative correla

tion between the intake of vitamin A and analogs and respiratory tract cancer 

incidence, some authors were not able to confirm these results, or even found 

a tumour enhancing effect of vitamin A. Smith (1975 a and b) investigated the 

modifying effect of high oral retinyl acetate levels, administered after 

intratracheal instillation of benzo(a)pyrene, on lung tumours in hamsters fed 

commercial or semisynthetic diets and housed under various circumstances. In 

several groups the lung tumour response was enhanced by vitamin A. These 

negative results are supported by those of Stinson (1981), indicating an 

enhancement of the carcinogenic effect of the direct acting carcinogen N-

methyl-N-nitrosourea in hamsters by several synthetic retinoids, which were 
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applied after carcinogen treatment. Frasca (1981) in a relatively short (20 

week) study did not find any significant reduction of urethane induced lung 

tumours in mice fed high doses of 13-cis retinole acid. The animals were 

placed on the diets after carcinogen treatment. Also in our study, in which 

the modifying effect of various levels of a 50% mixture of retinyl palmitate 

and retinyl acetate was tested, no reduction of benzo(a)pyrene induced lung 

tumours in hamsters was found (Beems, 1984). However, carcinogen induced 

metaplastic changes were distinctly inversely associated with the dietary 

vitamin A level. The vitamin A treatment was started before carcinogen ex

posure and lasted for life, thus including both the initiation and the promo

tion phase of tumour induction. Also a high oral ß-carotene level did not 

reduce benzo(a)pyrene induced respiratory tract tumours (Beems, 1986). So the 

epidemiological indications for a role of ß-carotene in the prevention of lung 

cancer could not be confirmed in an animal model. However, the pattern of 

accumulation of fj-carotene in rodents is different from that in humans and in 

our study only a relatively small accumulation of ß-carotene in the serum and 

liver could be achieved. 

Mechanistic considerations 

Various mechanisms have been proposed to explain the effect of viteunin A 

on cancer, and several of them have proven to be valid in in vitro or in vivo 

systems. Also theoretically an effect of vitamin A, either retinol or ß-caro

tene, is conceivable. A major concept is that of the modification of epi

thelial differentiation. Vitamin A is essential for the normal cellular dif

ferentiation of the epithelia of amongst others trachea and bronchi. De

ficiency causes the specialized epithelial cells, such as ciliated cells and 

mucous cells to be replaced by squamous cells. By adding vitamin A or syn

thetic retinoids to the diet the metaplastic squamous epithelium disappears 

and the mucous membrane retakes its normal appearance. Similarly, metaplastic 

changes which are induced by carcinogens are also inversely associated with 

the oral vitamin A administration (Dontenwill, 1973; Cone, 1973; Nettesheim, 

1979; Morrison, 1981; Beems, 1984). Since metaplasias are considered to be 

precursor lesions for respiratory tract tumours, a reduction of the severity 

or extent of these precursor lesions might provoke reduced incidence of res

piratory tract tumours. The ability of vitamin A to provoke a shift of car

cinogen related squamous differentiation to the normal type of respiratory 

epithelium could be a possible mechanism for the inhibition of lung cancer. 
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Another mechanism of action may be the modification by vitamin A of mixed 

function oxidase enzymes in the respiratory tract which might lead to a de

creased exposure of the tissues to active metabolites. The ability of vitamin 

A to influence carcinogen metabolism has been established in several in vitro 

studies (Dogra, 1982, 1983; Hauswirth, 1985). Such an effect agrees also with 

the increased binding of benzo(a)pyrene to lung DMA in vitamin A deficient 

rats (Dogra, 1984). This binding was inhibited by retinol (Nomi, 1981). 

However, the metabolism of benzo(a)pyrene in the lungs of Syrian hamsters was 

not altered by vitamin A deficiency (Bornstein, 1978). Miranda (1981) inves

tigated the effect of high dietary vitamin A levels on several drug 

metabolizing enzymes, including benzopyrene hydroxylase in the lungs of guinea 

pigs and rabbits. He concluded that the effect of vitamin A depended upon 

animal species, type of tissue, and carcinogen used. So the conclusion seems 

justified that there is no convincing evidence for a general and consistent 

effect of vitamin A on carcinogen activation. 

Finally the immune system has been reported to be stimulated by vitamin A, 

while vitamin A deficiency reveals decreased immunocompetence (Dennert, 1984; 

Tornita, 1983; Watson,1985; Eccles, 1985). Especially the action of T-killer 

cells appears to be involved. 

The apparent importance of vitamin A for the respiratory tract is also 

stressed by the presence of local depots of this vitamin, present in fat 

vacuoles of pulmonary fibroblasts (Spit, 1983). Upon feeding of a high vitamin 

A diet these vacuoles increase in size. 

Role of serum retinol 

In several retrospective studies an inverse association has been reported 

between serum retinol and risk for cancer of the respiratory tract. This 

phenomenon can theoretically be explained by an action of the growing tumour 

on the serum retinol concentration. Such actions may include an increased 

demand of the tumour for retinol, or a tumour mediated disturbance of the 

serum retinol regulation or the retinol metabolism. However, this view is not 

supported by the prospective epidemiological studies which demonstrated that 

low serum retinol values are found in persons that develop cancer many years 

later. The latter approach has not yet been subject of animal experimentation. 
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Influence of other factors 

The inconsistency of part of the results both from studies with humans 

and with animals, may indicate that the modifying effect of vitamin A repre

sents the resultant of a multifactorial process. The observation from animal 

studies that vitamin A acts in the initiation phase as well as in the promo

tion phase of carcinogenesis agrees with this concept. Interesting in this 

respect is the observation that vitamin A, under certain, yet undefined condi

tions, may even increase the risk for cancer of certain types (Graham, 1984). 

The efficiency of retinol and ß-carotene as inhibitors of carcinogenesis might 

depend largely upon other factors, such as the presence of specific dietary 

components. For example fat and vitamin E are known to enhance the uptake of 

vitamin A and ß-carotene in the intestines and a high fat intake is related to 

increased serum retinol levels in rats (Cullum, 19Θ4). Also non-dietary fac

tors may play a role as indicated by the observation that cigarette smoking 

correlates inversely with the carotene concentration in the serum (Stähelin, 

1984; Davies, 1983; Chow, 1986). 

Relatively little is known about the complex interrelationships between 

dietary vitamin A, either as retinylesters or as carotenes, serum retinol and 

carotene, and the delivery to or formation of the final tumour-inhibiting 

component to the target tissue. Even less is known of factors that influence 

this relationship. These aspects deserve further investigation since they may 

be of crucial importance for the magnitude of the effect of dietary vitamin A 

on carcinogenesis and they might explain part of the discrepancies that have 

arisen in the literature on vitamin A and cancer of the respiratory tract. 

VITAMIN С 

Epidemiology 

Theoretically vitamin С should be able to inhibit carcinogenesis by 

inhibiting N-nitroso formation and is therefore believed to be especially of 

importance in the case of cancer of the stomach. However, cigarette smoke 

contains also nitrogen oxides, which may react with endogenous amines in the 

respiratory tract and thus become precursors of nitrosamines. Cameron and 

Pauling (1979) advocated the use of vitamin С as an aid in the prevention and 

the therapy of cancer of all types. They described studies on the therapy of 

lung cancer with excessive amounts of vitamin С and observed an increased 
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survival as compared with untreated controls. The number of patients was 

limited, however. Graham (1981), in a clinical trial with 374 patients with 

cancer of the larynx observed an inverse association between vitamin С intake 

and risk for this cancer type. The risk appeared to be dose dependent and 

persisted after controlling for smoking. Some authors reported on the ciga

rette smoke induced reduction in serum vitamin С in man (Keith, 1980; Cameron, 

1979; Chow, 1986), a condition that suggests a relationship between vitamin C, 

cigarette smoke and, perhaps, lung cancer. Maybe this reduction is due to a 

reaction between vitamin С and nitrogen oxides in the epithelium of the air

ways. Others found that the serum vitamin С concentration was lower in cancer 

patients than in controls (Stähelin, 1984). 

Epidemiological investigations on dietary vitamin С and lung cancer are 

limited. Mettlin (1979), Kvale (1983), Hinds (1984) and Beyers (1985) did not 

find any influence of vitamin С intake on the lung cancer incidence. 

Animal experiments 

Animal experimentation with vitamin С is biased by the fact that most 

laboratory animals, including rats, hamsters and mice, synthesize vitamin С in 

their liver and kidneys. So the oral intake of this vitamin is not necessary 

for the growth and maintenance of these species and its metabolism and physi

ology might be quite different frcrn that in man. In these species a high oral 

intake of vitamin С hardly influences the tissue levels (Ginter, 1979). It is 

therefore questionable whether conclusions from animal experiments can be 

extrapolated to man. 

The few studies that have been reported on the modifying effect of vitamin С 

on chemical carcinogenesis do not show consistent results. Mirvish (1975) 

reduced pulmonary tumours in mice by the administration of ascorbic acid to 

the diet and Morrisson (1981) by intraperitoneal injection of vitamin С 

Harada (1985), on the other hand, found that vitamin С enhanced rather than 

reduced tumours of the trachea and larynx, mainly papillomas, which were 

induced in hamsters by a combined treatment with cigarette smoke and DEN. The 

multiplicity of the tumours was also increased in the high vitamin С group. 

Tumours of the nose were reduced in incidence, however. Similarly, variable 

results were obtained by Kallistratos (1984) who described variable effects on 

benzo(a)pyrene induced tumours or transplanted sarcomas; some types were 

reduced while others were enhanced. So the effect appears to depend upon the 
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type of tumour. The effects were not pronounced, however, and should be ver

ified in larger experiments. 

There are no convincing indications that vitamin С plays an important 

role in the etiology of lung cancer. On the other hand one should keep in mind 

that the consumption of fruits and vegetables, which in epidemiological stud

ies have been related to a reduction of the risk for lung cancer, which is 

usually ascribed to the mediation of ß-carotene, constitutes also a rich 

source of vitamin С 

VITAMIN E, PROTEINS, AND ALCOHOL. 

Similarly as Se, vitamin E acts as a scavenger of free radicals. Theor

etically vitamin E, like vitamin C, might act by reaction with the nitrogen 

oxides of cigarette smoke and thus prevent the formation of nitrosamines 

(Newmark, 1981). Vitamin E is present in a large variety of foodstuffs, a 

condition that hampers the design of epidemiological investigations. Although 

there is limited information that vitaunin E might counteract chemically in

duced cancer at various sites (Newmarks, 1981), including hamster oral mucosa 

(Shklar, 1982) and rat mammary gland (Ip, 1982), no information is available 

on the effect on lung cancer. 

The influence of protein intake on carcinogenesis has been investigated 

in a limited number of epidemiological as well as animal studies. These stud

ies did not provide data concerning the effect on lung cancer. 

There are limited indications that the use of alcohol is positively 

associated with lung cancer. Literature on this subject has shortly been 

reviewed by Potter (1984). The effect is at least partly due to the correla

tion between alcohol use and smoking of cigarettes. Also cancer of the larynx 

appears to be associated with alcohol consumption (Graham, 1981). 

DISCUSSION 

The initial stimulus that is responsible for development of cancer of the 

breast, colon, pancreas, prostate and other, less frequent types remains a 

matter of speculation. In contrast, lung cancer can distinctly be related to 
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the long-term exposure to extrinsic carcinogenic substances; the causal rela

tion with cigarette smoking is nowadays beyond any reasonable doubt. The 

obvious relation with tobacco smoking is probably the reason that little 

attention has been paid to a possible role of other life-style factors, such 

as nutrition, in the etiology of lung cancer, except for the role of dietary 

vitamin A. Nevertheless, if other cancer types and locations are influenced by 

nutritional factors, there is hardly any reason why lung cancer should be an 

exception to this rule. The modifying effect of nutrition in several other 

major cancer types has been subject of investigation in a large number of 

epidemiological as well as experimental studies. The main nutritional factors 

involved turned out to be vitamin A, including ß-carotene, fat and selenium. 

Reviewing the results of human studies and animal experimentation it 

appears that vitamin A distinctly influences lung cancer development. However, 

the results show some variability and the optimal conditions for an effective 

inhibition of lung cancer need yet to be elucidated. Perhaps dietary factors 

other than vitamin A itself play a role in this respect. From the present 

knowledge it is not possible to conclude with certainty whether retinol or ß -

carotene is most important for the prevention of carcinogenesis. Both com

ponents have been shown to be effective, though ß-carotene especially in 

humans and vitamin A mainly in animal experiments. 

Also dietary fat is a nutrient that might be inportant in the etiology of lung 

cancer. This conclusion might be drawn especially from animal experiments. 

This data is limited, however, and needs further investigation. But it agrees 

with observations in other types of cancer indicating a generally enhancing 

effect of fat on the process of carcinogenesis. 

The influence of other nutrients, that have been mentioned in connection with 

cancer at other sites, is either doubtful or absent in the case of lung can

cer. The information is limited, however, since generally the epidemiological 

studies were not especially designed to investigate lung cancer, and animal 

experiments are largely lacking. Especially the potential protective role of 

dietary Se needs further investigation, both in human studies and in animal 

experiments; in the latter using species other than the hamster, and diets 

marginal or deficient rather than excessive in Se. 

It can be concluded that, similar to several other cancer types, lung car

cinogenesis can be modified by dietary factors. However, it appears that the 

data is not sufficient to quantitate the potential reduction of risk for lung 

cancer that might be achieved by dietary modification. 
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Considering the mechanisms of action that have been proposed for the 

effect of nutrition on carcinogenesis, it appears that only the concept of 

vitamin A mediated regulation of epithelial differentiation is supported by 

sufficient experimental evidence. The involvement of the other mechanistic 

explanations is yet highly speculative. For example, evaluating the practical 

significance of modification of carcinogen activation by nutritional factors 

it should be considered that drug metabolism is a complicated mechanism exist

ing of many subsequent reactions. Probably the many nutritional components 

involved will influence different parts of the system. Moreover, the various 

types of carcinogens will yield different metabolites and follow different 

pathways of detoxification. So theoretically modification of drug metabolizing 

enzymes may reveal both increased and decreased amounts of active metabolites. 

Since cigarette smoke contains a variety of carcinogens and promoting factors 

and, moreover, food contains a combination of factors that are probably able 

to influence the drug metabolism in opposite ways, the net result of changing 

one or more nutritional conponent is largely unpredictable. The practical 

significance in the case of respiratory tract carcinogenesis needs yet to be 

established. 

While the modification of carcinogen metabolism is specific and depends 

upon the carcinogen used, the activity of the iiranunesystem in counteracting 

cancer is probably more aspecific. Especially the cellular immunity and 

macrophage and natural killer cell activity are important factors in tumour 

immunology. The activity of these factors has been reported to be enhanced by 

vitamin A and Se and reduced by high dietary fat. Although theoretically 

conceivable, the practical significance of these insnunological reactions 

against tumour cells needs further confirmation in in vivo experimental Sys

tems. An indication that the immune response may play a role in cancer of the 

respiratory tract is provided by Nettesheim (1981) who reported enhanced 

tumour response in transplanted tracheas, carried by immunosuppressed recipi

ents. The importance of the host defense against cancer is also emphasized by 

observations in patients who were subject to severe immunodepressive medi

cation. These patients exhibit considerably increased incidence of tumours, 

although the spectrum is very different from that of the general population, 

comprising especially lymphoreticular tumours and skin tumours (Penn, 1961, 

1962). 

Other mechanisms that have been proposed include changes in the composi

tion and properties of cellular membranes e.g. permeability for carcinogens, 
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production of peroxidized products and production of prostaglandins, all 

especially related to the consumption of high PUFA diets. Moreover, dietary 

fat can alter the hormonal balance, which is thought to be an important factor 

in the etiology of hormone related cancers, such as cancer of the breast and 

the prostate. The significance of these mechanisms in respiratory tract car

cinogenesis is not known. 

Experimental work on the relation between diet and cancer has mainly been 

explorative. It comprised animal experiments in which groups of animals in 

which tumours were induced, were fed diets containing the dietary factor to be 

tested. The endpoint usually was the tumour response which served as an in

dicator for the modifying effect of the factor tested. In addition experiments 

have been reported on the influence of dietary factors on the mechanisms that 

are believed to be responsible for the dietary effect on carcinogenesis. 

Although mechanistic explanations may provide a background for dietary modifi

cation of carcinogenesis, in case of lung cancer there is primarily a need for 

more explorative investigations. In the first place it is of importance to 

identify more specifically the nutrients which can modify respiratory tract 

carcinogenesis and to explore the cofactors necessary for an optimal effect. 

Lung cancer can largely be avoided by cessation of smoking. Therefore, 

one may wonder whether it is useful to search for dietary factors that will 

probably do not more than to reduce the risk for lung cancer to some extent. 

Although this may be true, a more practical approach is probably to consider 

that a large number of people do smoke and that in certain populations the 

number of smokers is still increasing. Also people who never smoked are at 

risk for lung cancer. Although this risk is estimated to be only 10% of that 

of smokers, it still represents a considerable number of cases. 

Moreover, if dietary recommendations are drawn up to prevent or reduce cancer 

of the mamma, colon, prostate and other types, based on results from epidemi

ology and experimental studies (Palmer, 1983), it is important to estimate the 

impact on other sites such as lung cancer. Although the recommendations will 

probably also have a beneficial effect on lung cancer it should be kept in 

mind that the mechanism of action of nutritional factors on cancer development 

is largely unknown and that, theoretically, tumour enhancement of certain 

tumour types can not completely be excluded. Thus, before recommendations of a 

"prudent diet" that aims to prevent certain types of cancer can be formulated, 

it is necessary to thoroughly investigate the impact of this diet on other 
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types of cancer and on non-neoplastic diseases, using both data from epidemi

ology and animal experimentation. 
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ООЮОКГ ON SOME ASPECTS OF THE STODIES AND SUGGESTIONS FOR FURTHER 

INVESTIGATIONS 

Some aspects that have not been discussed in previous chapters, but that 

might be of importance in the light of further investigations, are summarized 

in this comment. It should be realized that the investigations described in 

this thesis mainly represent "explorative" work, meant to find out whether and 

which nutritional factors that have been claimed to modify cancer at various 

sites can also modify lung cancer. The mechanism of action has not been sub

ject of detailed experimentation. The results of our studies and those 

described in literature indicate that dietary fat and vitamin A (including ß-

carotene) are most promising as modifyers of chemically induced lung cancer. 

So the next steps could be to find out 1) under which conditions these nutri

tional factors exert their optimal activity and 2) the mechanism of action. 

Dietary fat 

The results of our studies indicated a generally enhancing effect of 

dietary fat on cancer development. The occurrence of both induced tumours in 

the respiratory tract of hamsters and "spontaneous" tumours in other organs 

was showed to be enhanced (chapter 2 and 4). These results agree with a 

variety of epidemiological as well as experimental investigations on various 

cancer types other than lung cancer and using different animal species. The 

mechanism of action remains a matter of speculation. One might wonder whether 

the energy content of the high fat diets is involved. Dietary restriction has 

been reported to reduce the incidence of both spontaneous and induced tumours 

of various types. Perhaps caloric excess will enhance cancer. An approach to 

elucidate this question could be to correlate individual food intake figures 

with the presence of tumours in individual animals, while correcting for 

differences in body weight. However, since in our experiments 2 hamsters were 

housed in one cage, only the cage means of the food intake figures were avail

able. When the group means of the energy intake and the tumour response in 

these groups are considered it appears that in the study on dietary fat and 

lung cancer (chapter 2) the tumour response increased with the energy intake 

per group. However, a similar relationship was absent in the study on Se and 

lung cancer, where the experimental design included also high fat groups 

(chapter 5). 
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An indirect indication for the absence of an involvement of caloric intake has 

been that in none of the experiments reported in this thesis a relation be

tween body weight during the study (measured at different time intervals) and 

the risk for respiratory tract cancer was observed, as revealed by logistic 

regression analysis (unpublished observations). Moreover, in the chronic 

studies on the modifying effect of selenium and 0-carotene the perirenal fat 

weight of the survivors was determined as a measure for the nutritional status 

of the animals (unpublished observations). A correlation between these fat 

weights and the presence of respiratory tract tumours was also absent. How

ever, it should be considered that, except in excessive cases, body weight is 

not always a reflection of food intake. The food intake/body weight ratio may 

be more relevant in relation with carcinogenesis. The above observations do 

not support a relationship between caloric intake and risk for respiratory 

tract cancer. 

Thus the working mechanism of the fat mediated enhancement of respiratory 

tract carcinogenesis remains a subject of further investigations. These inves

tigations could also include the importance of the degree of saturation of the 

fat. The concept that both lipidperoxides and prostaglandin synthesis are 

involved in carcinogenesis support specific involvement of unsaturated fat. 

Since the high fat diets were provided before carcinogen treatment, it is not 

possible to indicate in which phase of the process of chemical carcinogenesis 

fat is active. A next step could be the use of another experimental design 

that enables to distinguish between the initiation, promotion and tumour 

progression phase. This would also be helpful in establishing the mechanism of 

action. 

Importance of serum retinol values 

In our experiments neither dietary vitamin A nor 0-carotene was able to 

reduce the incidence of respiratory tract tumours in hamsters. These results 

are in contrast with a major part of the literature on vitamin A and induced 

respiratory tract tumours, as well as with the epidemiology that generally 

reveals an inverse association with lung cancer. One might question whether 

the uptake and distribution of vitamin A in the body plays a role in this 

respect. A closer inspection of the serum retinol and liver vitamin A values 

observed in our studies (chapter 5, 6 and 7) learns that the data show dis

tinct variability. The basal serum retinol values differ between the experi

ments, and occasionally there is a positive correlation between oral dose and 
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serum retinol levels. Serum retinol is homeostatically controlled, but the 

variability observed in our studies indicates that there may be yet undefined 

variables other than the dietary intake, that are able to influence the 

retinol levels in the serum. Apparently, under specific conditions the serum 

retinol levels are, to some extent, a reflection of the dietary intake, while 

under other conditions they are not. Several epidemiological studies pointed 

to an inverse association between serum retinol and risk for lung cancer. 

Therefore, factors that influence the serum retinol level may be of crucial 

importance for the effect of dietary vitamin A or ^-carotene on carcino

genesis. 

A quite different explanation for the inverse association between serum 

retinol and risk for lung cancer, suggested in the literature, is that the 

growing tumour is able to decrease the serum retinol level by a greater demand 

of the tumour cells for retinol. If this is true, retinol may be a limiting 

factor for the growth of the tumour and, theoretically, supplementation of 

vitamin A might even enhance tumour progression. 

Our experiments showed that the hamster is able to absorb small amounts 

of unchanged ß-carotene (chapter 6 and 7). However, the accumulation of &-

carotene appeared to be low as compared to humans. The actual amount in the 

tissues necessary for tumour inhibition is not known. Although low serum ß-

carotene concentrations do not preclude selective accumulation in target 

organs, the possibility should be considered that in the present study 

(chapter 6) the absorbtion and accumulation of ß-carotene was too low to 

obtain a tumour inhibiting effect. Whether the experimental conditions play a 

role in this respect or perhaps rodents are less suitable for this type of 

investigations, needs to be elucidated. 

The transport mechanism of fat through the blood, as chylomicrons and lipo

proteins, is also important for the distribution of ß-carotene through the 

body. Probably ß-carotene is delivered to those tissues that are able to take 

up lipoprotein by the lipoprotein receptor, or to digest lipoprotein by the 

action of lipoprotein-lipase. Little is known of the importance of these 

pathways in rodents. 

Further studies should focus on the clarification of the complex 

relationship between diet, serum retinol and ß-carotene, and risk for respir

atory tract cancer. Especially the factors that influence the vitamin A and ß-

carotene content of the blood and target tissues need further investigation. 

Also transport pathways for retinylesters and ß-carotene, such as lipoproteins 
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and chylomicrons should be included in these investigations, since they might 

provide another pathway to deliver "vitamin A activity" to the target tissues. 

Knowledge of factors that influence these pathways may lead to improvement of 

the animal model as to the resemblance of tissue levels and distribution of 

vitamin A and β- carotene to man. 

Influence of vitamin A on metaplastic changes 

The observation that metaplastic changes were inversely associated with 

the oral vitamin A dose, while the tumour incidence was similar in all treat

ment groups, is unexpected (chapter 5). Metaplastic changes, induced by car

cinogens, are generally considered to be preneoplastic since they precede the 

occurrence of tumours. So, one should expect increasing incidences of respir

atory tract tumours with increasing incidences of metaplastic changes. Perhaps 

the relatively short period of carcinogen treatment plays a role in this 

discrepancy. One might speculate that the relatively short treatment with 

benzo(a)pyrene initiated tumours as well as metaplasia of the respiratory 

tract epithelium. Perhaps, with time, this metaplasia became more severe with 

lower dietary vitamin A levels, due to the well established shift towards 

squamous differentiation in vitamin A deficiency. The metaplastic epithelium, 

showing a relatively high mitotic activity, might theoretically be more vul

nerable for the carcinogenic insult of BaP. Perhaps, at the time the meta

plasia had fully developed, the relatively short period of carcinogen treat

ment had already been terminated. If this is so, better results had been 

obtained when, instead of a small number of high BaP doses, a larger number of 

smaller doses, over a longer period of time had been used. In that case the 

metaplastic epithelium had been exposed more effectively to BaP. Such an 

experimental design more resembles the condition in cigarette smokers. The 

main problem related with such experiments is that they are very laborious and 

costly. Moreover, the prolonged instillation procedure means a continuing 

stress for the experimental animals and will probably result in higher mor

tality due to infectious diseases of the respiratory tract. 

Whatever the explanation is for the lack of correlation between meta

plasia and neoplasia in our study, the shift in incidence of metaplasia indic

ates that vitamin A is able to influence processes that are most probably 

associated with carcinogenesis. The conditions necessary for influencing also 

the tumour response need to be elucidated. 
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Role of selenium deficiency 

In our experiments dietary Se excess did not inhibit respiratory tract 

carcinogenesis in hamsters, despite the increase in blood Se concentrations. 

It should be considered that neither for humans nor for rodents the amount of 

Se, necessary for optimal maintenance, is exactly known. Part of the epi

demiological results might be interpreted as a tumour enhancing effect of Se 

deficiency rather than an inhibiting effect of Se excess. Additional inves

tigations could focus on the effect of (marginal) Se deficiency. 

Improvement of the animal model 

The BaP-induced respiratory tract tumour model in hamsters, used in our 

experiments, revealed tumours that resembled the squamous cell carcinomas and 

combined squamous cell and adenocarcinomas occurring in humans. The ultra-

structure of these induced hamster tumours has thoroughly been described. It 

might be useful to characterize these tumours also iiramnohistochemically. For 

example, more detailed information on the immunohistochemical properties of 

the hamster tumours can be used to detect more precisely a vitamin A mediated 

shift in epithelial differentiation, by using various types of cytokeratins. 

Only a few iiranunohistochemical methods were successful in our material, which 

is probably due to the (standard) fixation method and period, and to the 

processing of the tissues. New studies could focus on the immunohistochemical 

characterization of the hamster tumours and their resemblance to their human 

counterparts in this respect. 

MAIN CONCLUSIONS 

Main conclusions from the present study are: 

-Dietary fat enhances the induction of benzo(a)pyrene-induced respiratory 

tract tumours, as well as tumours at other sites, in hamsters. 

-A high dietary Se intake does not inhibit the induction of BaP-induced res

piratory tract tumours in hamsters. The fat mediated increase in incidence of 

respiratory tract tumours in hamsters is not reduced to a significant degree 

by Se supplementation. 

-Vitamin A inhibits BaP-induced preneoplastic respiratory tract changes and 

under certain circumstances there appears to hie an inverse association between 

serum retinol concentration and the presence of respiratory tract tumours in 
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hamsters. However, there is no effect of oral vitamin A intake on ultimate 

tumour response. 

-The epidemiological observations that 0-carotene rather than preformed 

vitamin A inhibits lung cancer, could not be confirmed in the hamster model 

used. 

-The variability of the serum retinol concentrations observed in the various 

experiments might indicate that these concentrations are also influenced by 

factors other than the dietary vitamin A dose. 

-The modification by dietary factors of respiratory tract tumours in hamsters 

appears to be less pronounced than has been reported for some other tumour 

types or animal species. 

-There is yet no convincing evidence from epidemiology or animal experimenta

tion that dietary factors other than fat and (pro)vitamin A play a role in the 

carcinogenesis of the respiratory tract. 

-Taken into account the safety evaluation of dietary recommendations meant to 

prevent cancer, it appears that there is no indication that dietary factors 

that have been claimed to modify several major cancer types, will modify lung 

cancer in a quite different way. 
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SUMMARY 

Epidemiological and animal studies suggest that dietary factors are 

important variables in the etiology of several types of cancer, including 

cancer of the breast, colon, prostate, stomach and pancreas. Components that 

have been mentioned most frequently in this respect are fat, vitamin A, 

carotenes, selenium, dietary fiber and dietary energy. 

Smoking of cigarettes is considered to be an important causative factor for 

lung cancer. This might be the reason why dietary factors mentioned in 

connection with cancer have received relatively little attention as potential 

modifyers of cigarette-smoke induced cancer of the respiratory tract. 

Little is known of the mechanisms underlying modification of carcinogenesis by 

dietary factors. However, if these factors act by some general or systemic 

mechanisms, they might also be able to influence lung cancer. Knowledge of the 

potential modifying effect of nutrition on lung carcinogenesis might be useful 

for the assessment of the impact of the dietary recommendations that have been 

formulated to prevent cancer among the general population. 

This thesis deals with experimental investigations on the modifying 

effects of nutritional factors on chemically induced respiratory tract 

carcinogenesis in Syrian hamsters. The investigations can be characterized as 

explorative. The aim was to investigate whether the nutritional factors that 

have been claimed to modify cancer at other sites, are also capable to modify 

chemically induced lung carcinogenesis. The studies included long-term 

carcinogenicity bioassays, short-term experiments and a literature survey. The 

general experimental design was similar in the various long-term studies. 

Groups of Syrian hamsters were fed diets that varied only in their content of 

the dietary component to be tested. After an adaptation period on the 

experimental diets respiratory tract tumours were induced by intratracheal 

instillation of benzo(a)pyrene, a carcinogen that is also found in cigarette 

smoke. The tumour response in the various groups, including onset and 

histological type, was the criterion for estimating the modifying effect of 

the dietary factor tested. In addition a few short-term studies are described 

that were performed in order to support or to clarify the results of the 

chronic studies. 

In chapter 1 the histomorphological aspects of the lung cancer model used 

are discussed and the criteria for classification of the lung tumours are 

described. Attention was paid to the immunohistochemical properties of the 
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induced tumours and to the resemblance of the tumours induced in hamster to 

those in man. The tumours comprised mainly epidermoid carcinomas, combined 

epidermoid and adenocarcinomas, and adenocarcinomas. Moreover, there were 

epidermoid papillomas, bronchiolar/alveolar adenomas and sarcomas. It was 

concluded that the benzo(a)pyrene-induced respiratory tract tumour model in 

hamsters, together with a histogenetic type of tumour classification and a 

subsequent statistical analysis that takes into account the onset of the 

tumour response, provides a reasonably good morphological model for the 

investigation of factors that modify carcinogenesis in the respiratory tract. 

Also some shortcomings were noticed, e.g. the extremely low incidence of 

tumours of neuroendocrine origin. 

In chapter 2 the influence of a high saturated fat (20% beef tallow) diet 

and of a high polyunsaturated fat (20% sunflower oil) diet on chemically 

induced respiratory tract cancer is described. The control group received 5% 

fat in the diet, which is normal for rodents. An increased number of animals 

bearing respiratory tract tumours and an increased multiplicity of respiratory 

tract tumours were found in animals fed the high fat diets. The tumour 

enhancing effect was most pronounced in the group on the high polyunsaturated 

fat diet. Especially epidermoid papillomas, epidermoid carcinomas and combined 

epidermoid and adenocarcinomas contributed to the observed differences in 

tumour response between groups. Also tumours in organs other than the 

respiratory tract were enhanced by the high dietary fat intake. These results 

suggest a general tumour enhancing effect of dietary fat. 

In chapter 3 a short-term (6-week) toxicity study with selenium (Se) is 

described that was carried out to set a dose level for performing a chronic 

study with Se in hamsters. This was necessary because little is known of the 

toxicity of Se in hamsters. Se was fed as sodium selenite in the diet at 

levels ranging from 0.1 to 20 ppm. Degenerative liver changes, accompanied by 

a considerable increase in the Se content of the liver, were observed in the 

20 ppm group. The "no-toxic-effect" level of Se was found to be 10 ppm, 

equivalent to a daily intake of about 0.7 mg/kg body weight. 

Chapter 4 deals with a chronic study on the effect of Se as sodium 

selenite on chemically induced respiratory tract tumours. Since Se has been 

claimed to play a role in the destruction of free radicals which may be 

produced by lipid peroxidation, the effect of Se was tested both in a low fat 

(control) diet and in a high polyunsaturated fat (20% sunflower oil) diet. 

Serum and liver Se levels were distinctly increased in animals fed a high Se 
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level in the diet. Se included either in a low-or high fat diet did not 

clearly affect the tumour response in the respiratory tract or in other 

organs. Neither was there a correlation between the serum or liver Se levels 

and the presence of respiratory tract tumours. However, the tumour response in 

the respiratory tract and also in other organs was definitely enhanced by 

dietary fat. This enhancement accords with the observations described in 

chapter 2. 

Vitamin A has been reported to reduce cancer of various types, both in 

man and in experimental animals. Also lung cancer has been investigated, and 

is generally reported to be inhibited by vitamin A or its analogs, but the 

results are not always consistent. Chapter 5 describes a study on the 

modifying effect of vitamin A (retinylesters) on respiratory tract 

carcinogenesis in hamsters. The animals were fed diets which were marginally 

deficient, normal or high in their vitamin A content. The serum retinol levels 

were not influenced by the oral vitamin A dose. Microscopy of the respiratory 

tract did not reveal any differences in tumour response between the various 

dose groups. However, the incidence of preneoplastic respiratory tract lesions 

was distinctly and inversely associated with the oral vitamin A dose. These 

observations can not easily be explained, but they indicate that vitamin A is 

most probably able to interfere with certain stages of chemical 

carcinogenesis. However, under the experimental conditions used, this does 

apparently not lead to modification of the tumour response. 

Recent evaluation of the epidemiological literature suggested the 

hypothesis that ß-carotene rather than vitamin A in the form of retinylesters 

is able to inhibit carcinogenesis. The significance of this concept with 

respect to chemically induced respiratory tract cancer was investigated; 

chapter 6 deals with this study. Groups of hamsters were fed diets containing 

either a low (normal · control) or a high ß-carotene level. The ß-carotene and 

vitamin A contents of the liver were both increased in the high dietary ß-

carotene group, but the serum ß-carotene levels were very low as compared to 

those commonly observed in man. Beta-carotene did not affect the tumour 

response in the respiratory tract. Neither were the incidence and severity of 

the preneoplastic changes influenced. However, there was a statistically 

significant inverse relationship between serum retinol content and the 

presence of respiratory tract tumours in survivors, irrespective of the 

dietary treatment. Such an inverse association has also been reported in nan. 
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Some possible explanations for the absence of a carotene effect on the tumour 

response are discussed. 

Chapter 7 deals with the semi-chronic effects of vitamin A (retinylester) 

and ß-carotene in hamsters, with emphasis on the relation between dietary 

intake and serum and liver retinol and ß-carotene levels. Vitamin A induced 

liver pathology and mortality at 400.000, but not at 100.000 ІЦЛд diet. Beta-

carotene did not induce any toxic effect when given at levels up to 1.130.000 

lU/kg diet. Animals fed various levels of ß-carotene showed a slight increase 

in both liver vitamin A and ß-carotene content, indicating that the hamster is 

able to transform part of the ingested ß-carotene to vitamin A and to take up 

limited amounts of unchanged ß-carotene. The variability in the results on 

serum retinol values indicates that, although homeostatically controlled, 

these values depend also upon yet undefined factors, other than the dietary 

level. 

In chapter 8 the literature on epidemiological and experimental studies 

on nutrition and lung cancer is reviewed. Possible mechanistic explanations 

are discussed. It is concluded that there is reasonable evidence that dietary 

fat and vitamin A, including ß-carotene, are important in the etiology of lung 

cancer. The influence of other nutritional factors that have been mentioned in 

connection with cancer at other sites, is either doubtful or absent in the 

case of lung cancer. However, the data are limited and further research might 

disclose other nutritional factors that might play a role in this respect. 

Further experimental work should focus on (a) the importance of 

polyunsaturated fatty acids, (b) the stage of the process of chemical 

carcinogenesis where fat and polyunsaturated fatty acids exert their enhancing 

effect and (c) the mechanism of action of dietary fat. Moreover, additional 

work seems justifiable on the relationship between dietary levels of vitamin A 

and ß-carotene, the serum and tissue levels, and the factors that influence 

these levels. These factors might be important determinants for the risk of 

lung cancer. 
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SAMENVATTING 

Uit epidemiologisch en experimenteel onderzoek zijn sterke aanwijzingen 

verkregen dat voedingsfactoren invloed hebben op het ontstaan van kanker, 

waarbij vooral naar voren komen borstkanker en kanker van colon, maag, pros

taat en pancreas. In het voedsel kunnen vele kankerverwekkende stoffen voor

komen, in de regel echter in zeer lage concentraties. Het betreft hier zowel 

componenten die van nature in het voedsel aanwezig kunnen zijn, als stoffen 

die onbedoeld kunnen zijn toegevoegd zoals contaminanten en producten die 

ontstaan bij de voedselbereiding. Men neemt echter aan dat de bijdrage van 

deze carcinogenen aan het onstaan van kanker van relatief geringe betekenis 

is. Voedingsfactoren die van belang worden geacht voor kanker zouden in het 

algemeen niet zelf kankerverwekkend zijn, maar zouden het proces van de car

cinogenese kunnen beïnvloeden. Voorbeelden van dit soort modificerende 

voedingsfactoren zijn vet, selenium, (pro)vitamine A, voedingsvezel en de 

energie inhoud van het dieet. Het proces van de carcinogenese zou geïnitieerd 

worden door andere factoren die vaak niet bekend zijn. Een uitzondering hierop 

vormt longkanker, waarvoor het roken van sigaretten de belangrijkste etiolo-

gische factor is. Waarschijnlijk is de overduidelijke relatie tussen roken en 

longkanker de reden dat er weinig aandacht besteed is aan andere "life-style" 

factoren die een rol zouden kunnen spelen bij het ontstaan van longkanker. Een 

uitzondering vormt de rol van vitamine A, die vrij uitvoerig onderzocht is. 

Er is weinig bekend over het mechanisme waarop het modificerend effect 

van voedingsfactoren op de carcinogenese is gebaseerd. Als deze factoren 

zouden werken via mechanismen die algemeen of systemisch van aard zijn, dan 

zouden ze wellicht ook in staat zijn om de carcinogenese in de respiratietrac-

tus te beïnvloeden. Daarnaast is theoretisch de mogelijkheid niet geheel uit 

te sluiten dat factoren die remmend werken op het onstaan van sommige vormen 

van kanker, het ontstaan van andere soorten kanker zouden kunnen bevorderen. 

Kennis van het potentiële modificerende effect van de voeding op de carcinoge

nese in de respiratietractus is daarom mede van belang voor het schatten van 

het effect van de voedingsaanbevelingen die zijn of nog worden opgesteld om 

het risico op kanker voor de bevolking te beperken. 

In dit proefschrift wordt experimenteel onderzoek beschreven naar het 

modificerend effect van verschillende voedingsfactoren op het onstaan van 

chemisch geïnduceerde tumoren van de respiratietractus. Het onderzoek was 

voornamelijk exploratief en had ten doel na te gaan of voedingsfactoren die in 
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verband worden gebracht met andere soorten kanker, ook van invloed zijn op het 

onstaan van chemisch geïnduceerde longtumoren. Als experimenteel model werd 

het tumorinductiemodel met Syrische goudhamsters gebruikt. Dit model wordt 

vaak gebruikt bij experimenteel onderzoek van de respiratietractus-carcinoge-

nese omdat in de hamster tumoren kunnen worden opgewekt die sterk lijken op 

bronchus carcinomen zoals die bij de mens voorkomen. 

Er werden enkele langdurige carcinogeniteitsexperimenten uitgevoerd 

waarbij groepen Syrische goudhamsters werden gevoederd met rantsoenen die 

varieerden in de hoeveelheid van de voedingsfactor die onderzocht vrerd. Na een 

adaptatieperiode op de dieten werden tumoren van de respiratietractus geïn

duceerd door intratracheale intubatie van benzo(o)pyreen, een carcinogeen dat 

ook in sigaretterook voorkomt. De tumorrespons, inclusief latentietijd en 

histologisch type, werd gebruikt als criterium om een eventueel modificerend 

effect van de betreffende voedingsfactor vast te stellen. 

Voorts werden enkele kortdurende proeven uitgevoerd als voorstudie voor 

chronisch onderzoek of ter ondersteuning of verduidelijking van de resultaten 

van de carcinogeniteitsstudies. 

In hoofdstuk 1 worden de histomorfologische aspecten van het gebruikte 

longkankermodel besproken. Hierbij wordt ook ingegaan op de immunohisto-

chemische eigenschappen van de geïnduceerde tumoren en op de gelijkenis van de 

tumoren van de ademhalingswegen bij heunsters met die bij de mens. Frequent 

voorkomende tumoren zijn plaveiselcelpapilloom, plaveiselcelcarcinoom, gecom

bineerd plaveiselcel-en adenocarcinoom (adenosquameus carcinoom), adenocar-

cinoom, bronchiolo-alveolair adenoom en carcinoom, en sarcoom. 

Het benzo(a)pyreenmodel voor tumoren van de respiratietractus bij de hamster, 

in combinatie met een classificatie van de tumoren die gebaseerd is op de 

histogenèse, en een statistische analyse waarbij wordt gecorrigeerd voor 

verschillen in de latentietijd en mortaliteit, lijkt een goed morfologisch 

model te zijn voor het onderzoek naar factoren die de carcinogenese in de 

respiratietractus kunnen beïnvloeden. Een nadeel van het model is het slechts 

sporadisch voorkomen van tumoren van neuroendocrine oorsprong. 

In hoofdstuk 2 wordt een onderzoek beschreven naar de invloed van een 

dieet hoog in polyonverzadigd vet (20% zonnebloemolie) of hoog in verzadigd 

vet (20% rundvet) op benzo(a)pyreen-geinduceerde tumoren van de luchtwegen. 

Een controlegroep kreeg een normaal rantsoen voor knaagdieren, dat zoals 

gewoonlijk slechts 5% vet bevatte. In de groepen die gevoederd werden met een 
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hoog vet dieet was het aantal dieren met een of meer tumoren van de respira-

tietractus toegenomen. Bovendien was het aantal tumoren per dier (multiplici-

teit) groter dan bij de controlegroep op een laag vet dieet. Het tumorbevor-

derend effect van vet was het meest uitgesproken in de groep die gevoederd was 

met een hoog polyonverzadigd vet dieet. Vooral plaveiselcelpapilloom, plavei-

selcelcarcinoom en gecombineerd plaveiselcel-en adenocarcinoom droegen bij tot 

de verschillen in incidentie tussen de groepen. Niet alleen tumoren van de 

respiratietractus, maar ook die in andere organen waren toegenomen in in

cidentie bij dieren op een hoog vet dieet. 

In hoofdstuk 3 wordt een kortdurend toxiciteitsexperiment met selenium 

(Se) beschreven, dat werd uitgevoerd om de dosering van dit spore-element vast 

te stellen voor een chronische studie met hamsters. Dit was noodzakelijk omdat 

Se, dat vaak wordt genoemd als potentiële remmer van de carcinogenese, al bij 

lage doseringen toxisch is en er weinig bekend is over de toxiciteit van dit 

element bij hamsters. Se, in de vorm van natrium seleniet, werd gevoederd in 

het dieet in doseringen die varieerden van 0.1 tot 20 ppm. Bij de hoogste 

dosis (20 ppm) werd een aanzienlijke stijging waargenomen van het Se gehalte 

in de lever, hetgeen vergezeld ging van degeneratie van levercellen. De "no-

toxic-effect level" van Se voor hamsters bleek 10 ppm. te zijn, wat equivalent 

is aan een dagelijkse inname van 0.7 mgAg lichaamsgewicht. 

Hoofdstuk 4 beschrijft vervolgens een chronisch experiment waarin de 

invloed van Se op benzo(a)pyreen-geinduceerde tumoren van de luchtwegen bij 

hamsters wordt onderzocht. Se wordt verondersteld een rol te spelen bij de 

destructie van vrije radicalen die gevormd kunnen worden bij lipidenperoxi-

datie. Daarom werd de werkzaamheid van Se zowel in een normaal dieet als in 

een dieet met een hoog polyonverzadigd vetgehalte getoetst. Het laatstgenoemde 

dieet zou bevorderend werken op de vorming van lipidenperoxiden in de weef

sels. De Se gehaltes in bloed en lever waren aanzienlijk verhoogd in dieren 

gevoederd met een hoog Se dieet. De tumorrespons in de respiratietractus of in 

andere organen werd echter niet op een overtuigende wijze beïnvloed door het 

Se gehalte in het voer. Ook was er geen correlatie tussen het Se gehalte van 

bloed of lever en de aanwezigheid van tumoren. Sommige onderzoekers suggereren 

het bestaan van een dergelijke correlatie bij de mens. De tumorrespons in de 

respiratietractus en ook in andere organen was echter duidelijk verhoogd in de 

groepen die gevoederd waren met een hoog polyonverzadigd vet rantsoen. Dit is 

in overeenstemming met de resultaten beschreven in hoofdstuk 2, die eveneens 
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wijzen op een algemeen tuirorbevorderend effect van een dieet net een hoog 

vetgehalte. 

De invloed van vitamine A op het ontstaan van kanker is uitvoerig onder

zocht in zowel epidemiologische als dierexperimentele studies. Deze studies 

wijzen op een inverse correlatie tussen de inname van vitamine A en het risico 

op kanker van de luchtwegen. Eenzelfde inverse correlatie is door sommige 

auteurs beschreven voor het gehalte aan vitamine A in het bloed en het risico 

op longkanker. 

In hoofdstuk 5 wordt een experiment beschreven waarin het modificerend effect 

van vitamine A (retinylesters) op benzot α)pyreen-geinduceerde tumoren van de 

respiratietractus wordt onderzocht. Hamsters werden gevoederd met rantsoenen 

die een marginaal deficient, een normaal of een hoog vitamine A gehalte bevat

ten. De retinolconcentraties in het bloedserum waren niet gerelateerd aan de 

orale vitamine A dosis. Evenmin werd de tumorrespons in de respiratietractus 

beïnvloed door vitamine A. Wel was er een duidelijke inverse correlatie tussen 

de dosis vitamine A en de ernst van preneoplastische veranderingen in de 

respiratietractus. 

Deze waarnemingen zijn niet eenvoudig te verklaren; zij suggereren enerzijds 

dat vitamine A in staat is om bepaalde stadia van de carcinogenese in de 

respiratietractus te onderdrukken doch anderzijds lijkt dit niet te leiden tot 

een geringere tumorrespons. 

Recente evaluaties van de epidemiologische literatuur hebben aanwijzingen 

opgeleverd dat niet zozeer vitamine A in de vorm van retinylesters, maar 

eerder ß-caroteen verantwoordelijk is voor het waargenomen tumorremmend ef

fect. In hoofdstuk 6 wordt een chronisch experiment beschreven waarin deze 

hypothese wordt getoetst ten aanzien van benzot α)pyreen-geinduceerde tumoren 

Vein de respiratietractus. Groepen hamsters werden gevoederd met rantsoenen die 

een laag (controle) of een hoog gehalte aan ß-caroteen bevatten. Chemische 

analyse wees uit dat de ß-caroteen en vitamine A concentraties van de lever 

waren verhoogd in de ß-caroteen groep, echter de ß-caroteen concentratie van 

het bloed was zeer laag vergeleken met de waardes die bij de mens worden 

aangetroffen, ß-caroteen suppletie had geen invloed op de incidentie van 

tumoren van de respiratietractus. In tegenstelling tot de resultaten met 

retinylesters, beschreven in hoofdstuk 5, werden ook de preneoplastische 

veranderingen in de luchtwegen niet beïnvloed. Wel was er een opvallende en 

statistisch significante inverse relatie tussen het serumretinolgehalte en de 

aanwezigheid van tumoren in de respiratietractus, dit onafhankelijk vein de 
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orale ß-caroteen dosis. Een dergelijke inverse relatie is ook bij de mens 

beschreven. Enkele mogelijke verklaringen voor het ontbreken van een effect 

van ß-caroteen op benzo(a)pyreen-geinduceerde tunraren van de respiratietractus 

worden besproken. Mogelijkerwijze zouden verschillen in weefselconcentratie 

van ß-caroteen tussen mens en proefdier een rol kunnen spelen. 

In hoofdstuk 7 wordt een onderzoek beschreven waarin de semi-chronische 

toxiciteit van vitamine A en ß-caroteen en de invloed van orale toediening op 

de serum-en leverconcentraties van deze componenten bij de hamster worden 

onderzocht. Vitamine A induceerde groeivertraging, pathologische veranderingen 

in de lever en sterfte bij een dosering van 400.000 IU/kg voer. Bij 100.000 

IU/kg voer werden geen schadelijke effecten waargenomen. Dergelijke effecten 

werden evenmin waargenomen bij voedering van ß-caroteen in hoeveelheden tot 

1.130.000 IU/kg voer. Vitamine A veroorzaakte een sterke dosis-gerelateerde 

stapeling van retinylesters in de lever. Een dergelijke stapeling van retinyl-

esters trad ook op na voedering van ß-caroteen, zij het in aanzienlijk mindere 

mate dan bij voedering van een hoog vitamine A rantsoen. Ook het ß-caroteen-

gehalte in de lever nam toe met de orale dosering van deze component. Deze 

resultaten duiden erop dat de hamster een gedeelte van het oraal ingenomen ß-

caroteen kan omzetten in retinol en beperkte hoeveelheden onveranderd ß-

caroteen kan absorberen en stapelen in de lever. De invloed vein de orale 

inname van vitamine A of ß-caroteen op de serumretinolgehaltes was variabel; 

soms werd een positieve correlatie met de orale dosis waargenomen, in andere 

gevallen was deze correlatie afwezig. Deze variabiliteit zou erop kunnen 

duiden dat de serumretinolgehaltes, die homeostatisch geregeld worden, ook 

beïnvloed kunnen worden door nog onbekende factoren, anders dein het vitamine A 

of ß-caroteen gehalte in het voer. 

In hoofdstuk 8 wordt een overzicht gegeven van de literatuur van epide

miologische en experimentele studies betreffende voeding en longkanker. Moge

lijke werkingsmechanismen worden bediscussieerd. De conclusie is dat er vol

doende argumenten lijken te zijn om te veronderstellen dat vet en vitamine A, 

inclusief ß-caroteen, van belang zijn voor het ontstaan van longkanker. De 

invloed van andere voedingsfactoren die genoemd zijn in relatie tot kanker, is 

vooralsnog twijfelachtig of afwezig in het geval van longkanker. Daar infor

matie over de werkzaamheid van deze factoren bij longkanker zeer beperkt en 

soms afwezig is, lijkt het niet uitgesloten dat verder onderzoek ook andere 

voedingsfactoren zal opleveren die modificerend kunnen werken op de carcinoge-

nese van de respiratietractus. 
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Verder onderzoek zou zich in de eerste plaats kunnen richten op (a) het 

belang van verzadigd vet versus polyonverzadigd vet bij het bevorderen van 

chemisch geïnduceerde kanker van de respiratietractus, (b) het stadium vein het 

proces vein de chemische carcinogenese waarin vet werkzaam is en (c) het wer

kingsmechanisme van vet. Bovendien lijkt het relevant om de relatie te onder

zoeken tussen (a) de orale vitamine A en ß-caroteen inname, (b) de serum-en 

weefselgehaltes van deze componenten en (c) de factoren, misschien in de 

voeding, die deze gehaltes kunnen beïnvloeden. Deze factoren zouden van 

cruciaal belang kunnen zijn voor de werkzaamheid van vitamine A en verweinte 

stoffen, en daarmee, indirect, voor het risico op kanker. 
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CURRICULUM ітаЕ 

De schrijver van dit proefschrift werd op 25 december 1946 te Utrecht geboren. 
In 1964 behaalde hij het diploma HBS-B aan het Reviuslyceum te Doorn. 
Vervolgens studeerde hij biologie aan de universiteit te Utrecht, waar hij in 
1972 afstudeerde met als hoofdrichtingen biologische toxicologie en 
microbiologie en nevenrichting pathologie. Na het vervullen van zijn militaire 
dienstplicht trad hij in (tijdelijke) dienst van het Centraal Bureau voor 
Schimtelcultures Te Baarn, waar hij onderzoek deed naar de 
vetzuursamenstelling van schimmels. Vanaf 1974 is hij als "toxicologisch 
patholoog" werkzaam op de afdeling Biologische Toxicologie van het Instituut 
CIVO-Toxicologie en Voeding TNO (toenmaals Centraal Instituut voor 
Voedingsonderzoek TNO). Van 1980 tot heden is hij, als hoofd van de sectie 
Pathologie, verantwoordelijk voor de pathologie ten behoeve van het 
toxicologisch onderzoek dat op de afdeling wordt uitgevoerd. 
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STELLINGEN 

1. De dierexperimentele aanwijzingen dat vet bevorderend werkt op het 
ontstaan van kanker van de ademhalingsweg, zijn in overeenstemming 
met het concept van een algemeen tumorbevorderend effect van vet op 
de carcinogenese. De omvang van het effect lijkt af te hangen van 
type tumor en species. 

2. Ten aanzien van de anticarcinogene werking van (pro)vitamine A 
verdient de invloed van voedingsfactoren op de absorptie, het 
metabolisme en de weefselconcentratie van (pro)vitamine A meer 
aandacht. 

3. De rol die het extrahepatisch "vitamin A storing system" speelt bij 
het tumorreimtend effect van vitamine A, dient nader te worden 
onderzocht. Spit,B.J., (1985), Vitamine A en Prostaglandinen bij 
kanker: een hypothese. Tijdschrift Kanker 9, 32. 
Kusumoto,Y. and Fujita,T., (1977), Vitamin A uptake cells distributed 
in the liver and other organs of the rat, Arch.Histol.Jap. 40, 121. 

4. Wanneer in dierexperimenteel carcinogen!teitsonderzoek bij de 
statistische evaluatie van de tumorincidenties geen rekening is 
gehouden met eventuele verschillen in de mortaliteitscurves tussen 
groepen, dienen de conclusies met de nodige scepsis te worden 
benaderd. 

5. De rook die ontstaat bij het lassen van roestvrij staal moet als 
carcinogeen worden beschouwd. 
Stern,R.M. et al eds, (1986), Health hazards and biological effects 
of welding fumes and gases, Int.Congress Series no 676. Elsevier 
Science Publishers B.V., Amsterdam. 

6. Alvorens richtlijnen te geven voor een voeding die het risico op 
diverse soorten kanker zou moeten beperken, dient onderzocht te 
worden of de gewijzigde voeding geen ongewenste effecten heeft op 
eindere frequent voorkomende ziekten. 

7. De bezorgdheid over maagkanker ten gevolge van de vorming van N-
nitroso-verbindingen in de maag uit nitriet en bepaalde nitroseerbare 
stikstofverbindingen, gaat voorbij aan het sterk organotrope karakter 
vein veel N-nitroso-verbindingen, waarbij de maag zelden doelwitorgaan 
is. 

8. Het "blind lezen" van microscopische preparaten door de toxicologisch 
patholoog zoals gepropageerd door de "American Society of 
Statisticians", is een gevaar voor de kwaliteit van het pathologisch 
onderzoek. 

9. De "dierproefpathologie", omvattende onder meer de "toxicologische 
pathologie", moet worden beschouwd als een geheel eigen discipline, 
naast de pathologische anatomie ten behoeve van de humane geneeskunde 
en de veterinaire pathologie ten behoeve van de klinische 
diergeneeskunde en bedrijfsdiergeneeskunde. 



10. De invoering van het vaarbewijs zal weinig bijdragen tot een grotere 
veiligheid op het water, zolang het alleen verplicht is voor schepen 
die langer zijn dan 15 m of sneller kunnen varen dan 20 кпуЧшг. 

11. Bij toxiciteitsonderzoek van pesticiden dient de inhalatoire 
blootstelling meer aandacht te krijgen. 

12. De regel uit het Binnenvaart Politie Regelement die een klein zeilend 
vaartuig met in bedrijf zijnde hulpmotor verplicht tot het voeren van 
een omgekeerde kegel op het voorschip, is onpraktisch en kan 
gevaarlijke situaties in de hand werken. Het ware beter bij de 
voorrangsregels geen rekening te houden met het al dan niet 
ingeschakeld zijn van de hulprootor van zeilende vaartuigen. 

13. Ten aeuizien van de salariëring zou er bij TNO geen verschil moeten 
zijn tussen het doen van fundamenteel onderzoek, het verrichten van 
toegepast onderzoek en het management van onderzoek. 

R.B.Beems 
1Э 6 

Nijmegen, 18 december 






