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IV REPORT ON LOKSTEDT SKIN-PAINTING EXPERIMENTS.
COMMENTS ON TRC PAPER K539

The long-term results are examined in various ways and

corrections inade for differences in the spreading of the various

condensates. In-this brief note the standa.rdised numbers of

tumours (Table 6 in paper K539), before correction for spreadingt

are compared in Table 1. The data is based on tumours confirmed

by histology at the end of the experiment and regressions are

excluded.

The results may be summarised as follows:

1. Gerlach Sheet is very much less active than the control

and the result is not dependent upon sheet densitv.

2. Schweitzer Sheet is much less active than the control.

3. A-MF S)ieet is comparable with the control.

4. Arenco and Borgivaldt Sheets are both more tumorigenic than

the control, but the difference for Arenco is small.

5. Nitrate added to tobacco produces a large reduction in

activity; activity is also reduced when nitrate is added

to Gerlach sheet.

Table 1

Tumours Hyperplasia I

Code Sample
Standard:Lsed (SH) Area Activity

Dose Dose 2 1967 19701

E2 Control tobacco 28 29 831 92-
EA Arenco sheet 30 34. 90
EB Borgwaldt sheet 39 31 102

2 2
EG1 (70-80 9/m 8 10 62
EG2

Gerlach 36-42 g/m
2

8 9 443 1 74heet: 4
4oEG3 8% nitrate 3.4 3.4

I ES Schweitzer sheet 15 12 88
EW :.AMP sheet 26 32 107 C=>
EN + nitrate 8 8 %1.0

Samples based on earlier blend E: Codes 1 = Blend E, 2 Folie E 1 , L.,r4

3 = Folie E2, It = Folie L,3(.-n
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Comparison with livperplac.4iaTests

The results obtained on samples based on an earlier manu-

facture, blend E, are lower tliailthose based on sample E2. The

1967 activity ratings predicted the low results for Gerlacli

sheet, including a small reduction with added nitrate, but

incorrectly suggested a significant effect due to sheet density.

The values obtained in 1970 (BTC document 200/4) iiidicated

the significantly reduced activity for Gerlach sheet and the

intermediate position of Schweitzer sheet. Although the ranking

of the Schweitzer sample was correct, a si.gnificant difference

was not found in the short-term test. The hyperplasia test also

predicted that the Arenco sheet was similar in activity to the

control. High values were predicted for the Borgwaldt sheet

(correct) and also for the A-%IFsheet; the latter prediction was

incorrect since in the long-term test the activity of A.@IFwas

comparable with the control.

The rankings, with indications of significant differences

marked (<<) are illustrated:

Long-term:

Gerlach

+ < Gerlach < Schweitzer << Control

Nitrate

and Control A,',IF Arenco < Borgwaldt

liyperplasia:

Gerlach

+ < Gerlacli << Schweitzer e- Arenco Control
Nitrate

and Control (t Borgwaidt < Al@1F.

C=>

SRE/SEW/9th @lay, 1972
L--4
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D. A. T. Report (2)

liTTRODUCTIOIT

It is feasiblethat individualfractionsof cigarettesmoke

could contain both carcinogenicand irritant substances. T7aespecific

tissue reaction produced when compounds are present separately has been

identified from our earlier work but no experienceis availablein

interpreting the tiscue reaction produced when both caxcinogens and

irritantsaxe present together. Accordinglya series of model

experiments was devised in which various combinations of chemicals whose

irritant and caxeinogenicpotentials were known, were injected

subcutaneously in rat.9and the resulting tisaue response analysed as to

its usefulness in reflecting the properties present in such combinations.

EXP=.M-rLAL

l,lodelsitaations'wereenvisaged to give four combinations of

activities. Activityin this senseis definedas the abilityof a

compound at a given concentration to produce a characteristiclesion

in the subcutaneoustissue on short to= tests and to produce.local

sarcomas on long term testing

Group 1 Carcinogenand irritant both active

Group 2 Carcinogenactivet irritant inactive

Group 3 Carcinogeninactive, irritantactive

Group 4 Carcinogenand irritant both inactive

7he carcinogen used was I)o-nzpyreneand the irritants were Tween 80, and

ethanol/tricaprylinsolutions. From previouswork in the preliminary

stages of this projectp it was known that I gg benzyyrene produced no

changes in the tissueat the injection site indicativeof a carcinogen

but 100 gg benzpyreneproduced on injection the characteristiclesion

elicitedby a direct acting carcinogen (Hooson& Grasso 1971)- Similarly

experimonts bad shown that 1% aqueous solutions of Tween So bad no
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irritant action on the subcutaneoustissue (althoughraising the

concentration to 6t,'O'with consequent increase in surface activity,

restoredi=itant properties).Itl alcohol/tricaprylinmixtures

were found to produce a characteristicirritant lesion in the sub-

cutaneous tissue. Both low concentrations of Tween 80 and alcohol/

tricapr.vlinmixtures will act as solvents for benzpyronegtherefore

the four model groupi3were set up as follows.

Group 1 100 pg benzpyrene dissolved in 1:1 ale./tricaprylin

Group 2 100 jig*benzpyrene in Igo'Tween 80

Group 3 1 iLgbenzpyrene in lil a3.c./tricaprylin

Group 4 1 pg benzpyrene in lc4 Tween 80

Twenty rats were used in each experiment and injections of the above

solutions were given twice weekly into the same subcutaneous site. One

male and one femitleanimal were killed 24 hre after each injection and

theinjectionsiteexcised,fixedprocessedand stained ip the usual

"nner*

RESUIPTS

When carcinogen and irritant were both present in active

concentrations,an acute lesion was manifest at the site in the early

stagesbat granulationtissue appeared after the first week and a

heavy collagen deposit acommulated, 2rolviA-1 ion of an inhibition

in the-processof connectivetissue repair was seen. In contrast,

Anivna3a Jz Group 2 exhibiteda delay in granulation tissue formation

at the site of injection# When fibroblastsdid 4ventuallyappear,

about,10.0,,')were en3.arged,misshapen,, and showed nuclear abnormalities*

Deposition of young# newly formed collagen was scanty and collagen

alreadypresent had =dergons a fibrinoiddegeneraii=. Injectiozx

sitein rats l@comGroup3 showedthe ame wuto lesionandthe sub- Ln

sequentprog"ssi= of histologicalresponsethathas beendescribed
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previouslyfor Group 1. A3 observedin this set of ani-alsosites

taken in the later stages of the experiment were heavily coliagenised

and foci of dividingfibroblastscould be detected in certain areaa.

An essentiallyunchanged connective tissue architecture was recorded

at the injectionsite of rats in the last group, althoughoccasionally

small fibrin oysts,marking the site of injection 24 hre previously,

were present in the subpannicular layer. Accompanying these cysts

was a variableinfiltrateof polmrpba,, lymphocytes and histiocytes.

DISCUSSION

Compounds which possess certain phv sico-chemical properties

capable of acting as i=itants and producingtissue injury have been

found on repeatedinjection over 5 weeks to give a ch.%acteristic

lesion at the site. (Grasso and Golborg 1966a). The reaction is

marked by an extensivebuild up of collagen after au initially severe

acute infl- -tion.

This aberrantco=ective tissue repair can, in time, progress

to neoplasia,malignant change occurring in the fibroblasts that

continue to divide amongst the thick conagen bands. (Hociion& Grasso

1971 - unpublished).

In contrast,direct carcinogens produce a diff@i@enthistological

picture at the site of their injection. The noymal-processof

co=ective tissuerepair is delayed,granulationtissue,when it finally

90=8 is irregularand the constituent fibroblasts exhibit morphological

abnorma3-ities.

7he preceding experiments were designed to see to what extent

these histological processes remained discrete when chemicals capable

of producing both effectswere injected together. @he results obtained

show that when both compounds.are present'at active concentrations,
(-^4

the carcinogenicreaction is tota3.lymasked by the tissue response to Lil

the irritant. The results also demonstrate that a tissue responding

BATCO document forProvinceofBritiShColumbia 2 November 1999

BATCO 00097664



-4:-

to either a carcinogenor an irritanthas no altered senitivitydue

to the presence of the other compound in normally inactive concentrations-

Also when both compounds are present at inactive concentrations no

synergism occurs.

When these findings are extrapolated to the problem of the tissue

reaction elicited by various fractions of amoke, several interesting

facts emerge. It is known that direct carcinogensare present in

certain fractions,but at concentrationsunlikely to produce a

carcinogenic effect per se Prom the above results, it does not seem

that these low doses of carcinogen wou3.d enhance the action of the

i=itaixtethat are known to be present in the fractiona. Howeverg

the results also show that a chemical constituentof the fraction

acting as a direct carcinogenwould not be detectedin this test if an

irritant chemicalwas present in the same fraction. This does not

however invalidate the use of the subcutaneous route as a means of

comparingthe i=itancy of the variousfractions. If irritationis

the basic cause of the tumourigenicityof cigarettesmokes, identification

of the responsiblechemicalsis an essentialfirst step to their

elimination.

synopsis

On the basis of the above Merimental revalts, It appears that

the nimaltaneous presence of carcinogens and i=itents cannot be detected

by injection of both compoundssimultaneously. The i=itant action

of one compound will mask the carcinogenic type of reaction provoked by'

the second compound.
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CAFFEINE

Inhibitory Effect on Carcinogenicity of Condensate Fractions

The effect of adding caffeine to smoke condensate

fractions has been examined at Harrogate. Caffeine was added

at two dose levels (0.04% and 0.2% of whole smoke condensate)

to fraction G (cyclohexane soluble, water insoluble), and to

fraction (R + P)G (Formic acid soluble + caffeine complex from

fraction G) of condensate produced from a 'standard' flue-cured

cigarette.

The results show that

(1) 0.2% caffeine (whole smoke equivalent) reduces the activity

of the fractions by about 40% : the tumorigenic ratios were

0.60 for tumour bearing animals and 0.63 in respect of

infiltrating carcinomas.

(2) With a smaller dose of caffeine, 0.04% of the whole smoke

equivalent, a small reduction (ca 10-15%) in activity was

observed, but this was not statistically significant;

tumorigenic ratio 0.85 and, for infiltrating carcinomas, 0.89.

Assuming that it was desired to capitalise on this finding

and to investigate the effect of 0.2% caffeine on whole smoke

condensate, as distinct from fractions, then it would be necesaary

to add caffeine, so that a cigarette yielding 20 mg TPM also

produced 0.4 mg caffeine in the condensate. Work in GR & DC has

shown that the transfer of caffeine is about 18%, thus the amount

of caffeine added to the cigarette would have to be approximately

2.2 mg.

If it is considered that further investigation is

warranted, then it is suggested that the initial work be limited

to the production of sufficient cigarettes for assessment in

short-term tests and by smoking panels. Depending on satisfactory

results, promotion or long-te= carcinogenicity studies could then-

be initiated.

SRE/AIW/1.1.1.3
LTI16th May, 1974
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