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Use of the Rabbit in @lulti-Site S'@ii-Painting Exiocritnenzs

Dear Dr. Ayres,

Duz-ing your last visit to Frai'--furt in October 1962@, i.-e

brief!-,- discussed the above slzbjcct.1-!oe@-.plainedto you o--,r
interest in these problen)s and proniised to study then care-

fullv and, if possible, to pror)ose some preliminary

The ;LJcctive of our considerations is outlined in your 13zters

of 5-lhNoveinber, 1968. 1-learrived at the follo%,ringresu2.-.:

1. General Reiiiar,@.s

"There are no hard and fast rules for the testin@ o-@
carcinozenic activitv and for the e:,.tranolationof the results
of assays to @u!iii@is.The testi-rz of every che:7i4---,-.2.sub-
stance is to soine extent a neir problem irliichmay req,-,-*----ea
spec@--- assay procedu3@e. The reasonable relevaice of ti-
resu!7:s of testing to humans rrust be accordin@-ly assessed,
each -,-'-meseparately, in the li-.-htof the relative evo'-t,---4-on-
ary c'-oseness of the test species and the hunian speci3s and
of the dietary, environniental, and socioeconoriic factors 4-.-1
the h-.:.-ianpopulation." These princidles quoted from Arcos,
Argus, and lfolf (1968) are placed at the beginning of our
comments, although they %,tillbe i.-ellicnoi,-nto you. TheN- are
never@@eless a sound startinz point because some of th'e r:,ob-
leins referred to have to be briefly discussed in the folio-wing
for reasons of completeness.

@4-rst,the problem of extrapolatioi of the results. Ideally,
it would seem that our tests should be carried out in spe=-*-es
most closely related to man, such as primates. In additic- to
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this ideal requireinciitof close ph),loo-encticrelationship,
seireral authors (e.g. l@.H. B

'
eyer, 19'0'6) emphasim the dietary

and enviror-a!icntalconditions because of their effects on t,-ie
rietabol4-si;iof chemical substances in the orgariism. In the
light of these considerations, the do,-,- mants companion
for thousands of years - is gaining ir-.Dortance. Hoi-rever,
tests i..,ithdogs must be liriited in scope for practical
reasons. Assays iiitliprimates or large mar-rialiansi,7ould
be impracticable oi.:iiigto the cost of the test. lience,
rats and mice are the most cor-.niolilyused s7oecies because of
their short life span, hilo.-Iireproductive rate, small size,
and relatively high susceptibility to chemical carcinogens.

The relevance of the results of ani=al assays to humans
is furtlier complicated by the fact that the susceptibility
of different species to a given carcino-en usually shows
considerable variations.

This implies that parallel e-%-neri-@-ientswith ti;-o
species i.;-illincrease the relevanc; of t'-Ietests. For this
reason, it has become a rule to test drugs, food additives,
etc. in several species.

The value of the skin-paintinz assa%7s 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 folloifinlg
reasons:

2. Rabbits and Slcin-Painting

According to liynder and Hoffniann (10,67)the skin of
rabbits was painted with tobacco "tar" as earlv as in 1911.
Obviously for practical reasons, various autho@s have con-
fined nearly all of their tests to the painting of ears. The
results can hardly be compared vri'llieach other because of the
many Izno@-rnvariables involved in testin- for the carcinogenicity
of tobacco smoke condensates (for a review see I-lynderand Hoffmann,
1964). Of the publications by l@ynder and I-Iright(1957), Graham
et al. (1957), and Wynder et al. (1958) quoted in document
F 913, the two first-mentioned papers are actuall-,,con-parable
(strain of animals, type of condensate, and paintningregimen
similar; duration of e-.cperimentand 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 denionstrated to be tul-origenicto the
epider.--.isof rab:bits.

On the other hand, the question of i..-Iietherthe slcinof
rabbits or of mice is more sensitin,est4-l-lremains to be
clarified. liynderand IIriglit/in10,57,111.17e shall subsequently

stated

-3-

BATCO document forProvinceofBritiShColumbia 3 November 1999

BATCO 00083829



C,13riti-si,-A=Lr-ican-Tob,icco Cotr.--o.Ltd.

BaLtie'i'i---Institute.V. Blot' zum Sc@.-e@'--envom ....9.:@..!.@.1.9@.9
@ .I;. R .I m - - 13

s-@--udytheir activity (fractions of tobacco tar) on variouss

4-tes of di.@ferent strains and spec4-es of aririaJ-s",but in
later years Ilynder reported only once (19=r*)on tests i-ritli'o
rabbits. In their revieii of 1964,1.

17-,.rider and Hoffmann
=:entioned the rabbit as a test object 3-.-ith refereilce tQ A

statement of the Food Protection Corii,-jittee (lc)59) irhen they
said, t' ... the more promisinl-. choice to test the carcino-
-enicity of tobacco smoke appears to be the repeated cu-

t.aneous application of the aerosols to mice and rabbits".

Another passage of this publication (and again in 1967
in "Tobacco and Tobicco Smo'@%-e") reads: "Perhaos because of
the longer latent period and associated greater expense,
relatively feir investigators have utilized the rabbit as
e- -test object. 1-ie see no particular advar-Ilage of using
-@6-re rabbit instead of the mouse in these s-@udies.,.ti.

Neither did Wynder and lioffrianzi see an-,- advantage
4-n the method of rabbit nulti-site paintinz employed first
i-i 1956 by Hamer and 1-.'oodliouse (on!%- three a.-i4-mals - five
s4-tes - painted 'irith i-riiole cigarette "tar"). Contrary to
the comments by I-lynder and Hoffmann (1964 and 1967), the

rabbit tests (daily painting of both ears for six months)
conducted by Gritsiute and 'i,!ironova (1969) i@-ere not negative,

but five out of tifelve rabbits develcped r.-,rltiple padillor-ata
which, hoivever, persisted only in t-..-o animals and ifli3.ch in no case
s.ioifed signs of malignant groirtli. Condensa-r-e painting e-<pe-
riments on rabbits performed later than 1960 are not Imoi-,-n
@lo us.

Suntniarising i-re may establish that tobacco 'Itir" is
doubtless tumorigenic to the skin of rabbits and that the
susceptibility of rabbits is not sul-@stantia!lN, loirer than
that of mice. I-loi-rever, since e:cderinionts @,@-ith rabbits riay
involve a longer latent period and 1-@-gher e--,menses mice have
been preferred, at least in tobacco research.

Hence the question arises whether these disadvantages
inherent in rabbit tests can be com-nensated by r@iulti-site
painting. If multi-site pai-ntin- 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, e-,@-en if their latent period
is longer.

2.1 @lulti-Site Paintinc@

Before D.L. AVoodhouse coauthored the -oat)er on multi-site
tobacco-tar painting in 1956, he and 1. Hi-e,,er reported in
1952 on extensive multi-site painting experiments irith pe-
tz-oleum fractions (Hieger and 1-7ood,-iouse, 1952). The autl-xors
conducted the experiments parallel to e-%-De:-iments .,;ith mice.
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The,.-used the rabbit because of the advantages involved in the
use of a second species and

*
because "the possibility that other

spcc4-cs (than the ritouse)might prove more suitable ur-der certain
circu:nstances does not appear to have been sufficiently

appreciated".

Under the concl+tionsof these tests, the rabbits indeed
pro%-ed more suitable because they izere more sensitive. The
results obtained by Hie-er and lloodliouse were confirmed ifithout
reservation in the iTC Report on "The carcinogenic action of

niineral oils- a chemical and biological study", which you
kir.dly supplied to us.

Before accepting the reported higher sensitivitv of the
rab'--i-tone should visualise the basis on which this @tatement

was -"iade. The folloi;in---table contains as an exaniple results
vrhic'.qhave been tal:en from HieZer's and I-loodhousels paper and
fro= the INMC report.

Table 1: Comparison of the TLLnour Incidence in I-liceand Rabbits

Number of

N-,:-mberof Animals Number of Sites Tumours

Test in Birmingham

1-14-c:e goo goo 33

Rabbits 105 705 61

Test in London

@'L4-c e 900 goo 6

Rabbits 105 705 39

The reported higher sensitivity of the rabbit in this

and in numerous other e-%-periments i-ri:,ich gave similar results
thus is based on the observation that in spite of a smaller
nu=ber of sites (705 against 900) and of a smaller number of
an4---als(105 against 900) the tu:nour incidence in rabbits ii-as

muc-

'

larger than that in mice. The statement that the ski-i of

the rabbit was seen to be distinctly -nore sensitive than that
of the mouse hence applies only to riulti-site Dainting. Tlie

seve-i sites painted as a rule in the above tests -trerelater
re(@uced to five si'les because in this case "the animals were
les@ liable to cross-contamination than when seven sites -%,rere

use--@" (,'.ZICRepor").
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oi-rever, is riul.ti-site paintinz adiiiissible bN- scientific
stanr-lards? The autlaors of the I-JIC Report do not C'iscuss the
quesz4-on of a possible interactior. I)oti@reen the fi-%-e or seven

diff@,rent "substai-ices" applied sitilultancously. Interactioiis
of t'i'-s type cii-L-iot be e.,,:cludod a priori because, for e@caiiii-31c,
fir,ia!4-,:.-ianttumours often have a considerable infl-@uence on the
metabolism of the i%rhole organisr,i even before a di-sse,-.ination
of tl-.ecells can be observed" Becrg, 1958) quoted @Lroiii
Arcos et al., 1'968).

Questions of cocarcinogenesis itere critically discussed
by Berenblurl in Ilover,,L)er 1967 (Bere@ibltun in: Pro@ress ir.

Tur,.o@-,rReseareii, Basel, 1969). Definin.- cocarcinon,eiesis as
all form of augmentation of turiour induction he points out,

"Lt-.-:Ie need be said about the additive action of tito potent
c:arc@-nogeiis, or about syncrzistic action, the latter repre-
ser.k-.4-n.-admission of ignorance as to -i-rhy, in suci-i c,-Ises, the

cor.'--'-r.edeffect is greater than e:,-per-ted. It should be noted
tlia'@, in sou-,e cases, tito carcinogens can actually irterfere
itith each other's action". He refers to Hill et al. (1951)
who dr-monstrated that DIIBA carcinomenesis is inh4-bited by
P,Ild'@. Berenblum continues by saying, "Since the rech--nisi-i in
riul@@-'--jlecarcinogen action is not understood, tliez-e is no
poir.z in discussingit further".

It is also necessary to consider syncarcino-enesis asI
def4---ed by 1,.Ii. Bauer, if multi-site painting is practised.

From the standpoint of modern tumour inununolosy there
sho-,-'---be no objections to multi-site painting because It the
anL.---ens of chemically induced tumours are specific for each
ind-'--,-i-dua.1tuniour. Even if tifo turiours are indt,-ced b,,rthe
sa.;-.ecar&ninogen on the same site in genetically iderlical animals
or e%-e-1 in one and the same animal, they bear d4--'-ferent anti--ens,
altlioulgh tiese tuniours cannot be distinguished from each other
his @,@logically" (OettS;en and Gallrieier, 1968).

This is all ife can so far contribute to these probleris.
Nur@erous discussions irith cancer specialists have slioi.,-nthat
too little is knovrn about this subject, because r-.ulti-site
pai,-.@14-ng obviously iras scarcely practised in the past. lie are

mall-@
4 ng intensive efforts at present to obtain additional in-

for=.a4l-ion, especially by studying the relevant literature.

It should be noted, hoiiever, that several tu.-iours, if

observed in multi-site paintin-, i-rere found only on the painted
site (ear) and not in other areas. Papillomata i,@ere not forr@ied

on t*-e backs of the rabbits ifhen the test substance i;-as applied

to -e ear. @ietastases did occur, but they irere restricted to
re,-,4-cnal lymph nodes or other glandular tissues (salivary &land)

and -'id not involve other areas of the skin.

The significant differences bet-t-reen"groups of rabbits CD
often mentioned in the I-RC Report have not been discussed by k'=

the authors. They nay be associated, for exaruole, .)rith
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different -z'@ages of the liair cycle at the start and in -",-ie
course o-@r'-:-e trea'@niont.
Hexice, tlic-cor.,.prcl-icrsiverc-,r)ortfails to give an ansi-,,erto
several ou--stions of interest to us. Rabbit nulti-site r)aintin,@;

has proved suitable for the coinparative tesz4---lZof
mineral o--"--fractions. The questions left una--isirered'r-.-al--.eit
difficult, hoiqover, to assess its suitability for the testinz
of tobacco smolco condensates.

As pc-'--itedout in our introductory reinarlzs, neer problems
may require specific assay procedures. The testin- of tobacco
smoke, unfortunately has to be carried out via the
conde,.isa-leanyi.,av, a-onears to be a problem wl-iich J*Ust2.--a-esthe
applicaticn of specific assay proceduressuch as multi-s4-te
painting, -crovided that the folloiiin- reouirenient is sa@@4-sfied:

the co-.ideT@-@atesto be tested have to be balanced prope--Iv i;i-th
recrard to their tuinorigenic potency and Imleneral
The reaso:,:-=are obvious, and may be found in the 1--2,C
"It slioL!--be mentioned also that practical considera@14-ons dic-
tate tl-ia-ci.-erystronz and very -tvealc.carcinogens should not be
assessed --n the same series; if thev ifere, the tu=iours induced

by the carcinogen solution it;uld tend to be far advanced
and liable to cause svmptoms in the test animal before suffi-
cient tir:,.z-had elapsea for the 't-reL-irsolutions to have e:.:er'ued
measurable effects." I-leare of the opinion that the r-':Dove
requirenie----s can be satisfied in co-operation irith vou.
Sur-inarisi-.-ire may say that the suitability of rabbit =-alti-
site pai.-i-.@nlzshould be examined in preliminary
The advan-a--es pointed out in docu,-.ientF 913 are also ex-oected
by us. therefore propose the following assay procedires:

3. Preli.-.-'-narvE.%neriments

Table 2: :esizn of Tests in Rabbits

Painting Ear Ear Inter- Abdorien Abdomen
Site left right scapular left ri-ht

Designat4-c;-i

in ILQC Rezort 1 11 vii v vi

1 - 10 d f a e c
11 - 20 b a d f e
21 - 30 c d b a

31 - 40 a e f c b
41 - 50 f c e b d

51 - 6o e b c d a

a = 9,10-@-4-methyl-1,2-benzanthracene
b = ace+cne/water 9:1
C - f different ty-pes of condensate
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@.lumber of Aninials and Duratior. of Tests

I-les-,@.,--c_csttllc fai--ly larze nui:iber of ten rabbits per

group because the e--:perii-.icntsirill most pro

'

bably require a

longer period of time than the testin- of the mineral oil

fractions. This su@;gestioii has been based on the asst,-mption

that the majority of the e--zpected tuiz-,ours will not beco!7,.e

manifest before the first of, say, tiro 'L-.estyears has elapsed.

On the other hand, the literature contains ar.,ple data froi.1

i@'hich a shorter latent period and hence a shorter test period

may be e.%pected.

Explanation of 6 :@:5 Sauare Design

The tests have been so desi-ned that the grouns only

differ fro@-. each other in the oi-,iission of one "substa--icell

or condensate. Possible differences in the tumour yield

betiveen the groups can thus be e-@caniined by analysis of varia--icn-,

in order to determine irliich of the "substances" is responsible

for the difference.

DI-IBA as Reference Carcinogen

9,10-dimethyl-1,2-benzanthracene has been selected becausa

it was the reference carcinogen used in the assay of the mine:-a!

oil fractions. At tio applications per ;%!-eel@@.,the ma.-cirium dose

level N@ras 600 T/3 cm2. During a period of si.-c.years, the

average ti=-,our probability i.;-as0.71, in the major±tiy of the

tests nearly 0.8. The correspondin,@, probability of tumours

for 150 T/3 cm3 ii-as0.3- Our dose level will be fixed when

the typeb of condensate are k=oi..-n.

Selectio.-i 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 saciples).

Dose Level and Painting Regime.,i

Analogous to the above-c4-teq mineral oil tests, the pai-nted

areas should have a size of 3 cm The dose level cannot be

fixed until the type of condensate is Icnoix-n. The aninials

should be painted three times per week. The duration of the

treatment will depend on the tumori-.,-.enicity of the condensates.

If possible, the animals should therefore be painted with con-

densates A@-hose activity is knoi.-n from e-%-periments with mice ox-

can be assessed from current e-%-periments.
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Qualitv c-@Test Anii!,.,-ils

The test, of coL,-rse,requires anirials of exceller-t
constitu---'-onirj'.iichliave to be free, to the hicpliestposs.:-'--I-e
extent, from endo- and ectoperasites. The animals iv-ill'be
bought from a renoi;-nedbreeder i;liosetherapeutic and prou'-y-
lactic z,-easures-t-rillbe supervised by us.

The often debated question i@,hctl-ierrandom-bred stcc'@--
animals or an inbred strain should be used nay be decide--@in

the present case as folloirs:

If ,;econsider the preliminary experiments to be a
feasibil4-z;vstudy aimed at a hirrh tumour yield (at leas- ir.
ihe test of the nost active substance) we have to use rc-r-con-
bred stoc*-:anirzials,because the Senetic mal-:e-upifithin an anirial
species 4-sknoi@-nto influence the development of spontf-r-aous
tumours a@--dof chem4-cally induced tumours. For this reason,
the proba3ility of txunours is much higher in genetical!7:
heterogeneous randoni-bred stock anir-als than in any arb-'---rarily
selected 4-nbred strain.

If -,.-ieprelit-.iinar-ve%neriments irere conducted for cc--I-
parison c@@several condensates, inbred animals would be -cre-

ferred. it should be noted, hoxjever, that an inbred s-@rain is
actuall@, of value onlv if its spontaneous tumour rate is 'r-..-ioi-,n.
A strain -.@-hichmeets !his requireriient is not available as yet.
In a recently published paper L61iger (1968) stated tha--

rabbits are suitable for the experiniental cancer research, but
that sui-@able strains for these investigations are not
Imo@@n.

Keeping cf the Rabbits

Onl-@-riale rabbits i-tillbe used for the tests. Thex- i.;ill

be accor:cdated in an air-conditioned room in individual brand-
nei,rmetal cages provided i-ritha -oerforated bottom plate. A
standard pellet diet poor in microorganisms and tap i%rater
will be allowed ad libitum.

Start of Test

The test can be started as soon as animals are ava4-lable

which meet the above requ4-rements. Since the breeding has to
be super-.-4-sedby us and since the animals should be abo---tfour
months o'-dat the start of the treatment, a perio@ of a*--outei-ht

v,reeks be required after we have been advised
.
star-, the

experimen--.

Yours sincerely,
BATTELLE - INSTITUT E.V.

Biology Department

For references see the
attaci-iedaz)oendi@:

Dr. A. Hofmann
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