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Use of the Rabbit in Multi~Site Skin-Painting Experiments

Dear Dr. Ayres,

During your last visit to Frankfurt in October 19683, we
briefly discussed the above subject. Ve explained to you r
interest in these problems and promised to study them car
fully and, if passible, to pronose some preliminary experinent
The odjective of our considerations is outlined in your latters
of 5:i November, 1968. e arrived at the following resulzt:

1. General Remarks

"There are no hard and fast rules for the testing of
carcinogenic activity and for the extrapolation of the rasu
of zmnimal assays to humans. The testing of every chemical s
stan is to some extent a new problem which may requirs a
specific assay procedur'e. The reasorable relevance of the
resulzs of testing to humans must be accordingly assesseld,
each time scparately, in the light of the relative evecluzion-
ary closeness of the test species and the human specizs and
of the dietary, environmental, and socioecononic factors in
the human population.'" These principles quoted from Arcos,
Argus, and Wolf (1968) are placed at the beginning of our
comments, although they will be well known to you. They are
nevertheless a sound starting point because some of the rrob-
lems referred to have to be briefly discussed in the following
for reasons of completeness.

s

First, the problem of extrapolation of the results. Ideally,
it would seem that our tests should be carried out in speczies
most closely related to man, such as primates. In additiecx to
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this idcal requirement of close phylogenetic relationship,
several authors (e.g. K.H. Beyer, 1960) emphasis the dietary
and environmental conditions becausc of their effects on the
retabolism of chemical substances in the organism., In the
light of these considerations, the dog - man's companion

for thousands of ‘years - is gaining importance. However,
tests with dogs must be limited in scope for practical
reasons., Assays with primates or large mammalians would

be impracticable owing to the cost of the test. Hence,

rats and mice are the most commonly used species because of
their short life span, high reproductive rate, small size,
and relatively high susceptibility to chemical carcinogens.

The relevance of the results of animal assays to humans
is further complicated by the fact that the susceptibility
of different species to a given carcinogen usually shows
considerable variations.

This implies that parallel experiments with two
species will increase the relevance of the tests. For this
reason, it has become a rule to test drugs, food additives,
etc, in several species.

The value of the skin-painting assays conducted under
the Janus project would doubtless be increased by comparable

tests in a second species.

Rabbits may be used in our opinion for the following
reasons:

2, Rabbits and Skin-~Painting

According to Wynder and Hoffmann (1967) the skin of
rabbits was painted with tobacco "tar" as early as in 1911.
Obviously for practical reasons, various authors have con-
fined nearly all of their tests to the painting of ears. The
results can hardly be compared with each other because of the
many known variables involved in testing for the carcinogenicity

Ltg.

of tobacco smoke condensates (for a review see Wynder and Hoffmann,

1964). Of the publications by Wynder and Wright (1957), Graham
et al. (1957), and Wynder et al. (1958) quoted in document

F 913, the two first-mentioned papers are actually comparable
(strain of animals, tvpe of condensate, and painting regimen
similar; duration of experiment and sites of application
comparable) and we fully agree to the conclusion of the author
of this document. There is no doubt that cigarette smoke
condensate has been demonstrated to be tumorigenic to the
epidermis of rabbits,

On the other hand, the question of whether the skin of
rabbits or of mice is more sensitive still remains to be
clarified. Wynder and Wright/in 1957, "We shall subsequently

stated :
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study their activity (fractions of tobacco tar) on various
sites of different strains and species of animals', but in
later years Wynder reported only once (1958) on tests with
rabbits. In their review of 1964, VWynder and Hoffmann
centioned the rabbit as a test object with reference to a
statement of the Food Protection Cornittee (1959) when they
said, "... the more promising choice to test the carcino-
cenicity of tobacco smoke appears to be the repeated cu-
taneous application of the aecrosols to mice and rabbits".

Another passage of this publication (and again in 1967
in "Tobacco and Tobacco Smoke") reads: "Perhaps because of
the longer latent period and associated greater expense,
relatively few investigators have utilized the rabbit as
2-test object. We see no particular advantage of using
the rabbit instead of the mouse in these siudies...”.

Neither did Wynder and Hoffmann see any advantage
in the method of rabbit multi-site painting employed first
in 1956 by Hamer and Woodhouse (only threc animals - five .
sites - painted with whole cigarette "tar"), Contrary to
the comments by Wynder and Hoffmann (1964 and 1967), the
rabbit tests (daily painting of both ears for six months)
conducted by Gritsiute and Mironovae (1960) were not negative,
but five out of twelve rabbits develcped multiple papillomata
which, however, persisted only in t:'o animals and which in no case
showed signs of malignant growth. Condensate painting expe-
riments on rabbits performed later than 1960 are not known
to us,

Sunmarising we may establish that tobacco "tar" is
coubtless tumorigenic to the skin of rabbits and that the
susceptibility of rabbits is not substantially lower than
that of mice. However, since experirients with rabbits may
involve a longer latent period and higher expenses mice have
been preferred, at least in tobacco research.

Hence the question arises whether these disadvantages
inherent in rabbit tests can be compensated by multi-site
painting. If multi-site painting is admissible by scientific
standards and sufficiently reliable in practice, the use of
rabbits has the advantage that comparable results are obtained
from a second species of animals, even if their latent period
is longer.

2,1 Multi-Site Painting

Before D.L. Woodhouse coauthored the praper on multi-site
tobacco-tar painting in 1956, he and I, Hieger reported in
1652 on extensive multi-site painting experiments with pe-~
troleum fractions (Hieger and Woodhouse, 1¢52)., The authors
conducted the experiments parallel to experiments with mice.

-
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They used the rabbit because of the advantages involved in the
usc of a second species and becausc "the possibility that other
spececies (than the mouse) might prove more suitable under certain
circumstances does not appear to have been sufficiently
appreciated".

Under the condtions of these tests, the rabbits indeed
proved more suitable because they were more sensitive. The
results obtained by Hieger and Woodhouse were confirmed without
reservation in the MRC Report on "The carcinogenic action of
mineral oils- a chemical and biological study", which you
kindly supplied to us.

Before accepting the reported higher sensitivity of the
rabtit one should visualise the basis on which this statement
was made. The following table contains as an example resulis
which have been talien from Hieger's and Woodhouse's paper and
frexs the MRC report.

Tabla 1: Comparison of the Twmour Incidence in Mice and Rabbits

Number of
Number of Animals Number of Sites Tumours

Test in Birmingham

Mice 900 900 33
Rabzits 105 705 61

Test in London

Mice 900 900 6
Rabzits 105 705 39

The reported higher sensitivity of the rabbit in this
an¢ in numerous other experiments which gave similar results
thus is based on the observation that in spite of a smaller
nurser of sites (705 against 900) and of a smaller number of
anizmals (105 against 900) the tumour incidence in rabbits was
much larger than that in mice. The statement that the skin of
the rabbit was seen to be distinctly more sensitive than that
of the mouse hence applies only to rnulti-site painting. The
seven sites painted as a rule in the above tests were later
rec:ced to five sitices because in this case ''the animals were
less liable to cross-contamination than when seven sites were
uses" (MRC Report).
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fowever, is nulti-site painting admissible by scicentific

stanczrds? The authors of the MRC Report do not discuss the
question of a possible interaction between the five or seven
different "substances" applicd simultancously. Interactions

of thils type cannot be excluded a priori because, f{or example,
"maliznant tumours often have a considerable influence on the
metabolism of the whole organism even before a dissemination
of the cells can be observed" (R.VW. Begg, 1953) quoted from
Arcos et al., 1968). ‘

Questions of cocarcinogenesis were critically discussed
by Berenblum in November 1967 (Berenblum in: Progress in
Tumour Research, Basel, 1969). Defining cocarcinogenesis as
all form of augmentation of tumour induction he points out,
"Litzle need be said about the additive action of two potent

( carcinogens, or about syncrgistic action, the latter repre-
senting admission of ignorance as to why, in such cases, the
comtined effect is greater than expected. It should be noted
that, in some cases, two carcinogens can actually interfere
with each other's action". He refers to Hill et =21. (1951)
who cdecmonstrated that DMBA carcinogenesis is inhkibited by
PAH. Berenblum continues by saying, "Since the mechanism in
rmuliizle carcinogen action is not understood, there is no

point in discussing it further".

It is also necessary to consider syncarcinogenesis as
defirned by K.H. Bauer, if multi-site painting is practised.

From the standpoint of modern tumour immunology thecre
shou’l< be no objections to multi-site painting because ' the
antizens of chemically induced turmiours are specific for each
inéividual tumour. Even if two tumours are induced by the
same carcninogen on the same site in genetically identical animals
or even in one and the same animal, they bear different antigens,
( although these tumours cannot be distinguished from each other

histclogically" (Oecttgen and Gallmeier, 1968).

This is all we can so far contribute to these problenis.
Nurerous discussions with cancer specialists have shkown that
too little is known about this subject, because nulti-site
painting obviously was scarcely practised in the past. We are
making intensive efforts at present to obtain additional in-
forzmation, especially by studying the relevant literature.

It should be noted, however, that several tumours, if
observed in multi-site painting, were found only on the painted
site (ear) and not in other areas. Papillomata were not formed
on the backs of the rabbits when the test substance was applied
to the ear., Metastases did occur, but they were restricted to
regicnal lymph nodes or other glandular tissues (salivary gland)

and ¢id not involve other areas of the skin.

The significant differences betweenAgroups of rabbits [
cften mentioned in the MRC Report have not been discussed by -

the z2uthors. They may be associated, for exanmple, with (S

BATCo document for Province of British Columbia 3 November 1999

BATCO 00083832



Batteue 'Instituf E‘V ‘ Blatt ... 6.. zum Schreiben vom ...9..4. 21869

R -

FRANKEGRT /v~ s

different stages of the hair cycle at the start and in the
course of the treatment.

Hence, the comprechensive recport fails to give an answer to
several gu:stions of intcrest to us. Rabbit multi-site painting
has definizely proved suitable for the comparative testing of
mineral oXl fractions. The questions left unanswered male it
difficult, however, to assess its suitability for the testing

of tobaccc smoke condensates.

As pcinted out in our introductory remarks, new problems
may requirz specific assay procecdures. The testing of tobacco
smoke, whizh unfortunately has to be carried out via the
condensate any-way, appears to be a problem which justifies the
applicaticn of specific assay procedures such as multi-site
painting, ctrovided that the following reguirement is satisfied:
the condernzates to be tested have to be balanced properly with
regard to their tumorigenic potency and general toxicizy,

The reasons are obvious, and may be found in the I2RC FRazort:
"It shoull be mentioned also that practical considerations dic-
tate that very strong and very weak carcinogens should not be
assessed I the same series; if they were, the tumours induced
by the strong carcinogen solution would tend to be far advanced
and liables to cause svmptoms in the test animal before suffi-
cient tims had elapsed for the wealk solutions to have exerted
measurabl: effects.”! We are of the opinion that the zbove
requirenients can be satisfied in co-operation with you.
Summarisinz we may say that the suitability of rabbit =multi-
site painting should be examined in preliminary experixents.
The advanrtages pointed out in document F 913 are also expected
by us. Vs therefore propose the following assay procecures:

Table 2: Zesign of Tests in Rabbits

Painting Ear Ear Inter- Abdonen Abcomen
Site left right scapular left richt
Designaticn
in MRC Rezort I 1 VII v VI
1 - 10 d f a e c
11 - 20 b a d £ e
21 - 30 c d b a £
31 - 40 a e f c b
44 - 50 £ c e b d
51 - 60 e b c d a
a = 9,10-3imethyl-1,2-benzanthracene
b = acetcne/water 9:1
c - £ = Izur different types of condensate
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Number of Aninmals and Duration of Tests

We suggest the fairly larze nunmiber of ten rabbits per
group because the e:xperiments will most probably require a
longer period of time than the testing of the mineral oil
fractions. This suggestion has been based on the assumption
that the majority of the expected tumours will not become
manifest before the first of, say, two test years has elapsed.
On the other hand, the literature contains ample data fromnm
vhich a shorter latent period and hence a shorter test period
may be expected.

Explanation of 6 x 5 Square Desizn

The tests have been so designed that the groups only
differ from each other in the omission of one Ysubstance'
or condensate, Possible differences in the tumour yield
between thie groups can thus be examined by analysis of variancs,
in order to determine which of the "substances'" is responsible
for the difference.

DIBA as Reference Carcinogen

9,10-cdimethyl-1,2~benzanthracene has been selected becaus:

it was the reference carcinogen used in the assay of the minerzl
oil fractions., At two applications per weelk, the maximum dose
level was 600 1/3 cm2, During a period of six years, the
average tumour probability was 0.71, in the majoritiy of the
tests nearly 0.8. The corresponding probeability of tumours

for 150 7/3 cm3 was 0.3. Our dose level will be fixed when

the types of condensate are known.

Selection of Condensates

The condensates have to be selected together with you on
the basis of scientific and practical considerations (e.g.
capacity of smoking machines, availability of cigarette samples).

Dose Level and Painting Regimen

Analogous to the above-citeg mineral oil tests, the paintsd
areas should have a size of 3 cm™. The dose level cannot be
fixed until the type of condensate is lknown. The animals
should be painted three times per week. The duration of the
treatment will depend on the tumorigenicity of the condensates.
If possible, the animals should therefore be painted with con-
densates whose activity is known from experiments with mice or
can be assessed from current experiments.

-8-
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Ouality ¢f Test Animals

The tecst, of course, requires aninals of excellent
constituzion which have to be free, to the highest possitlie
extent, from endo- and cctoparasites. The animals will ke
bought from a renowned breeder whose therapeutic and prcchy-
lactic measures will be supervised by us.

The often debated question whether random-bred stcci:
animals or an inbred strain should be used may be deciced in
the present case as follows:

If e consider the preliminary experiments to be =2
feasibility study aimed at a high tumour yield (at least in
the test of the most active substance) we have to use rancom-
bred stocl: animals, because the genetic make-up within an aniual
species is known to influence the development of spontezzzous
turiours z=nd of chemically induced tumours. For this rezson,
the probebility of twsours is much higher in genetically
heterogenzous random-bred stock animals than in any arbizirarily
selected inbred strain.

If the preliminary experiments were conducted for ccm-
parison ¢ several condensates, inbred animals would te ctre-
ferred., It should be noted, however, that an inbred sirain is
actually of value only if its spontaneous tumour rate is knowvn.
A strain which meets this requirement is not available as yet.
In a recently published paper Ldliger (1968) stated thaz
rabbits c-e suitable for the experimental cancer research, but
that suitable strains for these investigations are not yat
known.

Keeping ¢Z the Rabbits

Only male rabbits will be used for the tests. They will
be accomcdated in an air-conditioned room in individual brand-
new nietal cages provided with a2 verforated bottom plate. A

standard pellet diet poor in microorganisns and tap water
will be allowed ad libitum.

Start of Test

The test can be started as soon as animals are available
which me2t the above requirements. Since the breeding has to
be supervised by us and since the animals should be abe:t four
months old at the start of the treatment, a periog of about eight
weeks will be required after we have been advised’start the
experime=nt.

Yours sincerely, _—

BATTELLE - INSTITUT E.V. -

Biology Department -

For refera2nces see the | K/i /2/71 :3
Yoz Es T r T / -~ - !

attached zppendix S Lt 4 —_
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Dr. A. Hofmann
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