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SUMMARY

Male and female Wistar rats were exposed to acetaldehyde vapour at
nominal concentrations of 0, 750, 1500 or 3000/1000 ppm during 6 h/day, 5
days/week for up to 28 months. Major compound-related effects included
increased mortality, growth retardation, nasal tumours, and non-neoplastic
nasal changes in each of the test groups. The treatment-related nasal changes
comprised: (1) degeneration, hyperplasia, metaplasia and adenocarcinomas of
the olfactory epithelium at all exposure levels; (2) squamous metaplasia accom-
panied by slight to severe keratinisation and squamous cell carcinomas of the
respiratory epithelium at the 2 highest exposure levels; and (3) slight to severe
rhinitis and sinusitis in top-concentration rats. In the larynx hyperplasia and
keratinized squamous metaplasia of the epithelium in the vocal cord region
were seen in many rats of the mid- and top-concentration groups. One female
rat of the 1500 ppm group had developed a laryngeal carcinoma in situ. It was
concluded that under the conditions of the present study acetaldehyde is both
cytotoxic and carcinogenic to the nasal mucosa of rats. The effects of acetalde-
hyde on the nose were compared to those of formaldehyde.
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INTRODUCTION

Acetaldehyde is used in the manufacture of synthetic chemicals, as a
solvent in the rubber, tanning and paper industries, and is one of the major irri-
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tants of the vapour phase of tobacco smoke [1—4]. From short- and long-term
inhalation studies in hamsters it appeared that this aldehyde at concentra-
tions of 1500 ppm and higher is capable of inducing inflammatory changes and
severe hyper- and metaplasia of the epithelium in the upper parts of the respi-
ratory tract, and also of inducing tumours of the laryngeal and nasal epithel-
ium [5—7]. This finding seems of particular interest in view of the data on the
occurrence of carcinomas in the nose of rats and mice following exposure to
formaldehyde vapour [8—11]. To verify the findings with acetaldehyde in
hamsters and to put the data on formaldehyde in a wider perspective, short-
and long-term inhalation studies including a recovery experiment have been
carried out with acetaldehyde in rats. The short-term studies in rats again
showed that the nose and larynx were the main target sites for this compound
[12]. This finding was fully confirmed by the results obtained during the first
15 months of a life-span study in rats using levels of 0, 750, 1500, or 3000/1000
ppm [13]. At the end of the 15-month test period it was already clear that expo-
sure of rats to acetaldehyde resulted in nasal carcinomas at each of the concen-
tration levels. The present paper presents the final results of the 28-month
carcinogenicity study.

MATERIALS AND METHODS

Test substance and inhalation equipment

For details on acetaldehyde, the inhalation chambers and the methods used
for generating, monitoring and analyzing the test atmospheres, the reader is
referred to a previous publication [12].

Treatments

Four hundred and twenty male and 420 female rats (Cpb:WU, Wistar
random), 6 weeks of age, were assigned to 4 groups of 105 males and 105 fem-
ales each, by computer randomisation. The rats in the different groups were
exposed to atmospheres containing acetaldehyde at levels of 0, 750, 1500 or
3000/1000 ppm, respectively, for 6 h/day, 5 days/week. Each group was div-
ided into 5 subgroups:

Subgroup Treatment (test) No. of rats
iod

(code) peri M -
1 13 weeks 5 5
2 26 weeks 5 5
3 12 months 10 10
4 12 months= 30 30
5 28 months 55 55

2 Treatment period was followed by a recovery period of up to 12 months.

The results obtained after 13, 26 and 52 weeks, including haematology,
serum chemistry and urinalysis, have been published previously [13]. The
recovery study will be the subject of a separate paper.
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Housing conditions

All animals were housed in the inhalation chambers, 5 males or 5 females/
cage, both during and after the exposures. Neither food nor drinking water
was present in the inhalation chambers during the exposures. During the non-
exposure periods the rats were provided ad libitum with bottled tap water and
the Institute’s stock diet for rats.

Conduct of the study

The general condition and behaviour of the rats were checked daily and
body weights were recorded weekly during the first month, bi-weekly during
the next 2 months and monthly thereafter. At termination of the study in
weeks 120—122, the survivors of subgroup 5 were killed and autopsied. All
rats found dead or killed in extremis during the course of the study were also
autopsied and subjected to detailed macroscopic examination. Samples of a
wide range of tissues and organs including the nose, larynx, trachea with main
bronchi and lungs were fixed in formalin, processed through paraffin wax, sec-
tioned at 5 um, stained with haematoxylin and eosin and examined by light-
microscopy.

Statistical analysis

Analysis of co-variance was carried out on the body weights to adjust for
differences in initial body weight. The Dunnett’s test was used for comparing
the adjusted group means. For histopathological changes, the Fisher exact
probability test or the chi-square test with continuity correction was used.

RESULTS

Exposure levels

The mean analytical concentrations of acetaldehyde to which the rats in the
different groups were exposed during the study were 0, 735 and 1412 ppm for
the control, low- and mid-concentration group, respectively, and for the top-
concentration group 3033 ppm from day 0 to 141; 2167 ppm from day 142 to
210; 2039 ppm from day 211 to 238; 1433 ppm from day 239 to 300; 1695 ppm
from day 301 to 312; 1472 ppm from day 313 to 359, and 977 ppm thereafter.
The highest concentration was gradually decreased because of severe growth
retardation, occasional loss of body weight and early mortality in this group.

Symptomatology

The animals of the top-concentration group showed excessive salivation,
laboured respiration, and mouth breathing. The acetaldehyde concentration
was gradually reduced from 3000 to 1000 ppm in the course of the first 52
weeks. The respiratory distress was still observed after the exposure concen-
tration had been lowered, although fewer dyspnoeic animals were seen each
time after lowering the exposure level. In the course of month 12, several top-
concentration animals showed blood around their nares. Despite a further
reduction of the acetaldehyde concentration to about 1000 ppm, the number of
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animals showing this condition increased after 12 months. During the study
most animals of the 2 highest concentration groups and a few animals of the
low-concentration group showed yellowing of the fur.

In month 12, one male top-concentration rat showed a nasal swelling.
Thereafter, many rats of the various treatment groups developed rapidly
expanding nasal swellings, which invariably appeared to be caused by nasal
carcinomas.
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Fig. 1. Growth curves of rats exposed to acetaldehyde vapour for up to 28 months. Control (-O-},
low-concentration (- ® -), mid-concentration (-0-), and top-concentration (-l-) animals.
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Body weights and mortality

Growth retardation occurred in males of each test group and in females of
the 2 highest concentration groups; there was a clear, positive dose-effect rela-
tionship (Fig. 1). Only a few rats died or were killed in extremis during the first
6 months of the study. Thereafter, a sharp increase in the number of deaths
occurred in the top-exposure group. At day 468, the mortality rate in the top-
concentration group was 50% (28/55) for males and 42% (23/55) for females. By
day 715, all top-concentration rats had died. When the study was terminated

at day 844, in the mid-concentration group only a few animals were still alive
(Fig. 2).
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Fig. 2. Cumulative survival of rats exposed to acetaldehyde vapour for up to 28 months. Control
{-O-), low-concentration (- ® -), mid-concentration (-CI-), and top-concentration (-M-) animals.
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Pathology

Gross examination. Gross examination at autopsy did not reveal
treatment-related changes except for a yellowish-brown discolouration of the
fur of most animals of the mid- and top-concentration groups and of a few ani-
mals of the low-concentration group, and nasal swellings in all test groups and
in 1 control animal. A deformed nose due to a focal swelling suggestive of a
neoplastic process in the nasal cavity was observed in 5 males and 9 females of
the top-exposure group, 6 males and 8 females of the mid-exposure group, 6
males and 3 females of the low-exposure group, and also in 1 male control ani-
mal. The swellings varied in size from small thickenings just visible with the
naked eye to large protrusions measuring up to 3 x 3 x 2 cm. They consisted of
yellowish or greyish-white, soft to fairly firm tissue masses, which eroded
through the nasal bones and invaded the subcutis. In some cases the tissue
mass was seen to extend into the brain. The latter condition was found in ani-
mals with or without a nasal swelling, viz. in 7 low-concentration, 21 mid-con-
centration and 10 top-concentration rats.

Many gross lesions were age-associated and occurred to a lower incidence in
the top-concentration group than in the other groups including the controls,
due to the relatively early mortality in the top-concentration group. There was
no indication that any of the grossly visible lesions, except for the discoloura-
tion of the fur and the nasal swellings, was related to acetaldehyde exposure.

Microscopic examination. The cause of early death or moribund condition of
top-concentration rats was nearly always partial or complete occlusion of the
nose by excessive amounts of keratin and inflammatory exudate. Several male
and female top-concentration rats that died or were killed in moribund
condition showed acute bronchopneumonia occasionally accompanied by
tracheitis. In nearly all the affected animals, feed particles were found in the
tracheo-bronchial tree. Moreover, the nose of each of these rats was partially or
completely occluded by a nasal tumour or a plug of keratin with or without
inflammatory exudate. One might speculate that rats being obligatory nose
breathers easily inhale feed particles in attempts to breath through the mouth.

Compound-related histopathological changes were found in the nose and
larynx. The most severe abnormalities were found in the nose at each of the
exposure levels; there was a clear, positive dose-response relationship (Table I).
Laryngeal lesions were found in the top-exposure group only.

Squamous metaplasia accompanied by slight to very severe keratinisation
of the nasal respiratory epithelium was found in most animals of the mid- and
top-concentration groups. Keratinisation was most severe in top-concentra-
tion animals (Table I). Hyperplasia of the respiratory epithelium was observed
in several mid-concentration rats and in a few top-concentration rats. In low-
concentration rats, the respiratory epithelium was hardly affected.

A few animals of the top- and mid-concentration groups showed focal
squamous metaplasia with or without keratinisation of the olfactory
epithelium. Basal cell hyperplasia of the olfactory epithelium was seen in low-
and mid-concentration rats. In the mid-concentration group, the hyperplastic
cells were often atypical and nests of such cells were frequently found in the

218



TABLE 1

SITE, TYPE AND INCIDENCE OF TREATMENT-RELATED NON-NEOPLASTIC EPITH-
ELIAL CHANGES IN THE RESPIRATORY TRACT OF RATS EXPOSED TO VARIOUS
CONCENTRATIONS OF ACETALDEHYDE VAPOUR FOR AT MOST 28 MONTHS

Site and type of lesions Incidence of lesions
Males, conc. group Females, conc. group
Control Low Mid Top Control Low Mid Top
Nose (49) (52) (53) (49) (50) (48) (83) (53)
Squamous metaplasia
of respiratory epithelium
a. without keratinisation 0 1 11+ 1 0 3 14+ 0
b. with keratinisation 0 0 5 19#%e 0 1 16%++ 18+++
Papillomatous hyperplasia of 0 0 0 2 0 0 0 6+
respiratory epithelium
(Focal) simple or pseudo- 0 5 16%xx  8» 0 3 31xse O
epitheliomatous hyperplasia
of respiratory epithelium
Focal squamous metaplasia of
olfactory epithelium
a. without keratinisation 0 0 0 0 0 0 1 1
b. with keratinisation 0 0 0 3 0 0 0 0
(Focal) basal cell
hyperplasia of olfactory
epithelium
a. without atypia 0 37res Qe 0 0 4249+ Qe 0
b. with atypia 0 1 17+« 0 0 0 5 0
Focal aggregates of 0 0 23+ 0 0 0 3l 2
(atypical) basal cells in
the submucosa beneath the
olfactory epithelium
Focal proliferation of glands 0 0 14x+ 5 0 4 18+++ §
in the thickened submucosa
of the olfactory epithelium
Larynx (50) (50) (51) (47) (51) (46) (47) (49)
Squamous metaplasia/
hyperplasia
a, without keratinisation 2 2 10+ 9+ 1 0 6 9
b. with keratinisation 1 4 13#x  32%s» 0 3 17ees 23%ex
Proliferation of 0 0 1 0 0 1 4 2
dysplastic epithelium

(Continued)
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TABLE I (Continued)

Site and type of lesions Incidence of lesions &
Males, conc. group Females, conc. group
Control Low Mid Top Control Low Mid Top
Lungs (55) (54) (55) (52) (53) (62) (54) (54)
Keratinized stratified 0 0 0 1 0 0 0 0
squamous metaplasia of
bronchial epithelium

2 The number of animals examined is given in brackets.
Statistics: Fisher Exact Test P < 0.05,** P < 0.01,"*"P < 0.001.

submucosa. In some cases these nests appeared to be submucosal extensions
of a nasal adenocarcinoma located more caudally. Basal cell hyperplasia of the
olfactory epithelium was not found in animals of the top-concentration group.
This observation seems most probably due to early death of the animals
caused by squamous cell carcinoma originating from the respiratory
epithelium or to the rapid development of adenocarcinoma from the severely
injured olfactory epithelium. Several mid-concentration animals showed
hyperplasia of gland-like structures in the increased amount of loosely
arranged connective tissue of the submucosa beneath the olfactory epithelium
(Table I).

In the vocal cord region of the larynx slight hyperplasia and squamous
metaplasia of the epithelium occasionally accompanied by keratinisation was
found in most male and female rats of the mid- and top-concentration groups.
A few animals showed extensive metaplasia with severe keratinisation in the
laryngeotracheal region (Table I). The tracheal epithelium was not visibly
affected by acetaldehyde.

In the nose, 2 different types of malignant nasal tumours were found: squa-
mous cell carcinomas and adenocarcinomas (Table I1). Squamous cell carcino-
mas and carcinomas in situ were mainly found in animals of the mid- and top-
concentration group, and their incidence increased with increasing concentra-
tion (Table II). In addition, 1 male animal of the control group and 1 male of
the low-concentration group also developed a nasal squamous cell carcinoma.
Both animals had severe necrotizing rhinitis, odontodystrophy and periodonti-
tis and the tumour was located in one side of the nose around a dystrophic inci-
sor tooth. The squamous cell carcinomas varied from large tumours (Fig. 3)
filling one or both sides of the nasal cavity, destroying turbinates, invading
the nasal bones and extending into the subcutis and brain to small neoplastic
processes infiltrating the submucosa of the nasal epithelium. The origin of the
large squamous cell carcinomas could not be determined; the small tumours
were seen to originate from metaplastic keratinized stratified squamous respi-
ratory epithelium located in the more anterior part of the nasal cavity. Some
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TABLE I1

SITE, TYPE AND INCIDENCE OF RESPIRATORY TRACT TUMOURS IN RATS
EXPOSED TO VARIOUS CONCENTRATIONS OF ACETALDEHYDE VAPOUR FOR AT
MOST 28 MONTHS

Site and type of tumours Incidence of tumours

Males, conc. group Females, conc. group

Control Low Mid Top Control Low Mid Top
Nose (49) (52) (53} (49) (50) (48) (53) (53)
Papilioma ) 0 0 0 0 0 1 0 0
Squamous cell carcinoma 1 1 10 15%== 0 0 5 17%ex
Carcinoma in situ 0 0 0 1 0 0 3 5
Adenocarcinoma 0 16%%x 3]xes 2] sss 0 6%  26%xx 2]xwx
Larynx (50) (50) (51) (47) (61) (46) (47) (49)
Carcinoma in situ 0 0 0 0 0 0 1 0
Lungs (55) (54) (65) (52) {53) (52) (54) (54)
Poorly differentiated 0 0 0 0 0 1 0 0

adenocarcinoma

2 The number of animals examined is given in brackets.
Statistics: Fisher Exact Test “P < 0.05,*'P < 0.01

*kE

P < 0.001.

squamous cell carcinomas, however, were found to originate from metaplastic,
keratinized squamous olfactory epithelium located in the dorsomedial and
more posterior part of the nose.

Adenocarcinomas were found in each of the test groups (Table II). The
incidence of this tumour was highest in the 1500 ppm group, in both males and
females; in the low-concentration group the incidence was higher in males than
in females. The adenocarcinomas varied in size from small nests of atypical
cells present in the submucosa of the olfactory epithelium, which grew along
the structures of the nasal cavity and only invaded some nerve bundles (Fig.
4), to large osteolytic tumours growing outside the nose into the subcutis and
frequently invading the cerebrum via the olfactory lobe (Figs. 5 and 6). Mitotic
activity was high, especially in those tumours which exhibited osteolytic activ-
ity and local invasion, destroying the cribriform plate of the skull and invading
the cerebrum. Most of these tumours consisted of sheets or cords of densely
packed cells with little basophilic cytoplasm and large hyperchromatic nuclei
with often 1 or 2 big nucleoli. In addition to this type of adenocarcinomas, ‘ad-
enocarcinomas’ were observed consisting of masses of cells having scant cyto-
plasm and large, round to ovoid nuclei with prominent chromatin. They were
divided into lobules by fibrovascular septae. Some tumours exhibited rosettes,
pseudorosettes, palisading or glandular formations suggesting a neurogenic
origin (esthesioneuroepitheliomas?) (Fig. 7). The olfactory epithelium is consid-
ered the site of origin of both types of nasal adenocarcinomas.
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Fig. 3. Squamous cell carcinoma filling one side of the nasal cavity and destroying nasal turbi-
nates (female mid-concentration animal, H&E, x 200).

Table III shows that the earliest nasal tumours were not only found in top-
concentration rats but also in low- and mid-concentration rats, suggesting that
the latency period of nasal tumours was independent of the acetaldehyde expo-
sure concentration. This was more evident for adenocarcinomas than for squa-
mous cell carcinomas.
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Fig. 4. Adenocarcinoma of the nasal olfactory epithelium. Tumour cells are seen to infiltrate a
nerve bundle. Note the absence of sensory cells in the olfactory epithelium, which resembles respi-
ratory epithelium, but most probably consists of sustentacular cells and basal cells (female mid-
concentration animal, H&E, x 500).

Although both squamous cell carcinomas and adenocarcinomas frequently
invaded the subcutis, surrounding bones, vessels, nerve bundles, the
cribriform plate and the cerebrum, metastases were seen in only 4 animals (3
top-concentration rats and one mid-concentration rat). Two adenocarcinomas
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Fig. 5. Osteolytic adenocarcinoma growing into the subcutis and the olfactory lobe.
Histologically the dark part of the tumour consists of densely packed small cells with little baso-
philic cytoplasm and huge hyperchromatic nuclei, whereas the light part consists of large cells
with scant cytoplasm and round to ovoid, pale nuclei (male low-concentration animal, H&E, x 7.4).

had metastasized to cervical lymph nodes, and 1 adenocarcinoma and 1 squa-
mous cell carcinoma to the lungs.

Outside the nose only 2 other neoplasms were found in the respiratory tract:
1 poorly differentiated adenocarcinoma in the lungs of a female low-concentra-
tion rat and 1 carcinoma in situ in the larynx of a female mid-concentration
animal,

Neoplasms found in organs outside the respiratory tract all appeared to be
common findings in rats of this strain and age, and were considered to be for-
tuitous findings unrelated to the acetaldehyde exposure.

DISCUSSION
From the present study it appeared that the nasal tumours induced by ace-

taldehyde can be distinguished into 2 major types: squamous cell carcinomas
mainly derived from respiratory epithelium and adenocarcinomas from olfac-
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Fig. 6. Large nasal adenocarcinoma growing outside the nose and a small squamous cell carci-
noma of the nasal septum (female top-concentration animal, H&E, x 7.1).

tory epithelium. Squamous cell carcinomas principally occurred in the mid-
and top-concentration groups, their incidences being clearly dose-related. A
nasal squamous carcinoma was also found in 1 male rat of the low-concentra-
tion group and in 1 male control rat. In the latter animals the tumours were
associated with dystrophic, chronically inflamed incisor teeth. This condition
of necrotising odontodystrophy is not uncommon in the strain of rats used. In
a long term inhalation study with this strain of rats carried out in our
laboratory, 3/99 males of the control group had developed a nasal squamous
carcinoma, and each of the 3 animals also suffered from severe necrotising
odontitis, periodontitis and rhinitis (P.G.J. Reuzel; pers. comm. ). Therefore,
the squamous cell carcinoma found in the low-concentration rat is considered a
fortuitous finding unrelated to treatment. Adenocarcinomas were found in
each of the test groups; no such nasal tumour was observed in controls. The
incidence of adenocarcinomas was highest in the mid-concentration group (59/
106), lowest in the low-concentration group (22/100), and in between in the top-
concentration group (44/102). The relatively low incidence in the top-exposure
group is most probably due to the high and relatively early mortality from
causes other than nasal adenocarcinomas in this group. In addition to neoplas-
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Fig. 7. Adenocarcinoma of the nasal olfactory epithelium, exhibiting rosettes and pseudorosettes
(female mid-concentration animal, H&E, x 500).

tic lesions, exposure to acetaldehyde resulted in degenerative, hyperplastic
and metaplastic changes in the nose [13], the most characteristic ones being:
(a) hyperplasia and squamous metaplasia frequently accompanied by keratini-
sation and occasionally by cellular and nuclear atypia of the respiratory epi-
thelium in mid- and top-concentration rats, and (b) basal cell hyperplasia of
olfactory epithelium in the low- and mid-concentration groups.

These findings underline "the previous preliminary conclusion that the
olfactory epithelium is more susceptible to the cytotoxic action of acetal-
dehyde and/or is more heavily exposed to acetaldehyde than the respiratory
epithelium [13]. These observations strongly support the hypothesis that the
nasal tumours arise from epithelium which is damaged by acetaldehyde, viz.
the olfactory epithelium in the low-concentration group and both the olfactory
and the respiratory epithelium in the mid- and top-concentration groups [13].
This hypothesis is further supported by the results of a study into the recovery
of acetaldehyde-induced nasal changes in rats [14]. These results showed that
hyperplastic and metaplastic epithelial changes found in the nose of rats
exposed to 1500 or 3000/1000 ppm acetaldehyde for 52 weeks were at least
partly irreversible, and suggested that the irreversible alterations often
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TABLE II1

CUMULATIVE INCIDENCE OF NASAL TUMOURS IN RATS EXPOSED TO VARIOUS CONCENTRATIONS OF ACETALDEHYDE VAPOUR FOR AT
MOST 28 MONTHS

Type of tumours Incidence of tumours 2 after:
12 months conc. group 16 months conc. group 20 months conc. group 24 months conc. group 28 months conc. group
Contr.Low Mid Top Contr.Low Mid Top Contr.Low Mid Top Contr.Low Mid Top Contr.Low Mid Top
Males 1 @ QO a2 3 (3 (6 (28 (4 (1) (18 41) (18) (24) (25) (49) (49) (52) (83} (49)
Squamous cell 0 0 1 0 1 0 2 5 1 0 2 11 1 1 3 16 1 1 10* 16%**
carcinoma
Adenocarcinoma 0 1 0 0 0 3 3 8 0 3 13 17 0 8%  1G*%e 2] #x= 0 16 %% 3] 4% 2] *»+
Carcinoma in situ 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 1
Females o @O Q (8) @ B 25 4 6 (11 (34) (8) (15) (23) (53) (50) (48) (53) (53)
Squamous cell 0 0 0 1 0 0 0 9 0 0 0 10 0 0 2 17 0 0 5 17w
carcinoma
Adenocarcinoma 0 0 1 0 0 0 5 4 0 2 11#+** 13 0 5 16 %% 23 #* 0 6+ 28exe 23 %#x
Carcinoma in situ 0 0 0 1 0 0 0 3 0 0 0 3 0 0 0 5 0 0 3 5

a The number of noses examined is given in parentheses.
Statistics: Fisher Exact Test *P < 0.05, **P < 0.01, ***P < 0.001.



progressed to a neoplasm within several months, despite the discontinuation
of the acetaldehyde exposure.

The present results are in line with those of earlier studies with
acetaldehyde in hamsters [6,7]. Inhalation exposure of hamsters to the
‘maximum tolerated concentration’ of acetaldehyde (2500 ppm gradually
decreased to 1650 ppm) for 7 h/day and 5 days/week resulted in hyper- and
metaplastic changes of the nasal epithelium, and 3 out of 52 hamsters
developed a nasal tumour, i.e. 1 adenoma, 1 adenocarcinoma and 1 anaplastic
carcinoma. However, the major tumour response occurred in the larynx: 11 out
of 47 hamsters developed tumours of the laryngeal epithelium, whereas in the
present study with rats only 1 carcinoma in situ was found in the larynx. This
difference in tumour site between the 2 species may be due to differences in
anatomy of the upper respiratory tract, breathing pattern, susceptibility of
the lining epithelium or a combination of these factors [13].

Comparison of the nasal effects of acetaldehyde with those reported for
formaldehyde [8—11] leads to the following conclusions: (a) high concentra-
tions of acetaldehyde (2000 ppm and above) as well as of formaldehyde (14
ppm and above) are capable of damaging both the respiratory and the olfac-
tory epithelium, (b) low effective concentrations of acetaldehyde (400—1000
ppm) only affect the olfactory epithelium while low effective concentrations of
formaldehyde (2—3 ppm) only damage the respiratory epithelium indicating
that the main impact of acetaldehyde occurs more in the posterior part of the
nose than that of formaldehyde, and (c) acetaldehyde exposure leads to nasal
squamous cell carcinomas and adenocarcinomas whereas formaldehyde almost
exclusively induces nasal squamous cell carcinomas.

In the absence of a metabolic system acetaldehyde has been found to be not
mutagenic to several strains of Salmonella typhimurium [15]. However, it was
mutagenic to Escherichia coli and Saccharomyces cerevisiae [16). From other
studies it appeared that acetaldehyde induced sister chromatid exchanges
[17,18] and chromosomal aberrations [19] in human peripheral lymphocytes in
vitro. It also induced sister chromatid exchanges in bone marrow cells, periph-
eral lymphocytes and cultured ovary cells of Chinese hamsters [20—22].
Moreover, acetaldehyde has been found to induce cell transformation in C3H/
10T1/2 cells [23] and micronuclei, chromosomal aberrations and aneuploidies
in rat fibroblasts [24,25]. It is, therefore, reasonable to assume that acetalde-
hyde possesses initiating activity which may play a role in the induction of
nasal tumours in rats and laryngeal tumours in hamsters. The genotoxicity
and DNA-reactivity of formaldehyde has been shown in a wide variety of
standard tests [26]. Therefore, both compounds most probably possess initiat-
ing activity. Both aldehydes also appeared to be able to induce nasal carcino-
mas in experimental animals, thus, meeting the widely accepted criteria for
being classified as complete (genotoxic) carcinogens [27].

Exposure levels of both formaldehyde and acetaldehyde resulting in nasal
carcinomas are very irritating and cause much damage to the nasal mucosa fol-
lowed by regenerative hyperplasia and metaplasia. This process of recurrent
tissue damage and repair is probably mainly responsible for the promoting
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activity of these compounds. Since formaldehyde is known to react preferen-
tially with single-stranded DNA and the incidence of dividing cells in the nor-
mal intact nasal epithelium is low, it seems reasonable to suppose that the
initiating potential of formaldehyde (and probably also of acetaldehyde) in
concentrations not leading to cell damage is very low. On the other hand, con-
centrations of these aldehydes causing recurrent tissue damage may be very
effective with respect to initiation. Moreover, the increased cell turnover may
strongly enhance the fixation of relevant DNA damage, and subsequently
strongly increase the chance of progression of preneoplastic cells to cancer. As
a consequence formaldehyde and acetaldehyde in subcytotoxic concentrations
are likely to be very weak initiators (there are only a few dividing cells) with
only minor, if any, promoting activity (there is no increased cell turnover)
[28,29]. This means that in subcytotoxic concentrations these aldehydes most
probably cannot act as complete carcinogens, but only as weak initiators.
These considerations suggest that the cytotoxic effects of these aldehydes
may be very important for the induction of nasal carcinomas in experimental
animals [30]. In this respect the question arises as to how far exposure of
human beings to subcytotoxic (actual exposure) concentrations of
formaldehyde or acetaldehyde constitutes a carcinogenic risk. If there is arisk,
it seems to be extremely low. On the other hand, the risk may be more substan-
tial if such exposure takes place under conditions of recurrent tissue damage
due to other factors [28,29].

In a recent publication on the interpretation and use of data from long-term
carcinogenicity studies in animals, Swenberg [31] stressed the need for
research programmes that will evaluate the role of cytotoxicity in carcinogen-
icity. This view is highly supported by the results of the present study.

Since nasal cancer is not a common type of cancer in man, one might
question the relevance for man of untoward effects of compounds on the nasal
mucosa of rodents. One should realize that human beings are more likely to
inhale through the mouth than rodents which are obligatory nose breathers.
Mouth breathing means bypassing filtration by the nasal passsages [32].
Rodents have highly developed tortuous nasal turbinates, while human beings
have relatively small noses containing less complex turbinates [33]. The impli-
cation of these physiological and anatomical differences between rodents and
man may be that the effects of aldehydes on the nose of rodents have predic-
tive value for effects in man on more distal parts of the respiratory tract such
as larynx, bronchi and lungs [28,29].
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