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Experimental Production of Carcinoma with Cigarette Tar
I1. Tests wich Different Mouse Strains”

Fanest T, Winoer b Fvarrs A. Gueanass, ann Auerr B. Crominarn

(Depariment of Surgery, Washington Unirsrsity. School of edicine; St Lonis, Missouri, and the Ssetion of
Epidemiclogy, Sloan-Kettering Institute for Cancer Research, Memorial Center for Cancer
and Allisd Diseases, New York, N.J'\)

In an: carlicr communication we reported the
production of skin cancers in CAF, mice painted
with condensed cigarcttc tar obtained by the
moking of cigarctles in a machine in a yuanner

~ similar to human smoking (7). ¥orty-four per cent.

of 81 nice painted 3 times a week with this tar
developed histologically proved! epidermoid can-
cers. This represented a higher production of skin

4 cancer than had been obtained by other workers
~ applying tobacco tar to mouse skin. We previously

outlined possible reasons for the variation in these
results, which included different methods of tar

 preparation, amount and duration of tar painting,

snd strain of mice used. The present study was
undertaken to determine whether the results off
our former study were duc to the use of u particu-
larly susceptible strain of mice or to the methods
employed.

MATERIALS AND METHODS

Tobacco tar was prepared in the same manner

as that used in the previous study. The tar as
used, however, was different in. one respeet.
Whereas:in our first study it was freshly prepared
~every 1-8 months, the present study was begun
" with' tobacco tar which had been prepared 6
months previously. Fresh tar was subscquently
preparcd, but on the average the tobucco tar was.

- about 6 months old at the time of painting. The
* tobacco tar was: stored in acetone: in bottles in a
refrigerator cooled to 4°'C. All other phascs of the
erperiment’ were as: identical as possible to: those
described! previously. The mice were painted 3

: , times a week with about 40 mg of tar/painting.

Tar application continued throughout the life
span of the animals.
. An attempt was madc to cvaluate the role of

*This investigntion was supported by a rescarch: grant
. fom the VLS. Public Health Service, National Lustitutes. of!
y Haalth, grant C-2040C5.

+.  t Present addreas: Memorial Center for Cancer and Allied
\ Diseases, 444 East 68th Strect, New. York: 21, New: York.
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croton oil as a cocarcinogen. Applications were
made from the very outsct, the animals being
painted with & 5'per cent solulion of eroton oil in
minera] oil. The mice were painted 8 times a week
with. tobacco tar (Monday, Wednesday, and
Friduy) and onec s week with the croton oili solu-
tion (Saturday).

C57BL mice obtained from the Jackson Me-
morial Laboratory and Swiss mice obtained from
the Rockland Farms, Long Island, New York,

were painted concurrently with: the same tobacco: |

tar.

RESULTS

General observalions.—The Swiss mice tolerated
the effeet of the tobacco tar better than did. the
C57, which showed a more significant weight loss
after the application of tobacco tar: As the experi-
ment progressed, many of the C57 mice developed
benign uleerations of the skin, The survival rates
of the two strains show no essential difference
exeept for the 18-monthi period, at which time the
death rate among the C57 was greater (Table 1).

Papilloma: formation.—DPapillomas in the tar
group began to appear at the same time in Swiss
and €57 mice (Sth month) (Table 1, Charts:}
and 2); 28.5 per cent papillomas were observed
ainong Swiss mice and. 112 per cent in C57 mice—
percentages based upon the number of wmice with.
which the experiment was originally started.

Cancer formation.—Twelve out of 88 Swiss mice
developed histologically proved cancer (14 per
cent) compared with only two cancers among 89
C57 mice (2 pereent) by the 24th month (Table 1,
Charts 1 and 2; see also Figures 1~6, gross lesions
and photomicrographs. of histologic: sections of
representative lesions). Tabulated as percentages
of mice still alive:at 1 yesr, these percentages are
18 for Swiss mice and §.8 for C57.

Croton, oil and. tar experiments.—Twelve Swiss

mice received both croton oi} and tar applications

throughout the: experiment. The survival period
of these micc was shorter than that for mice
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painted only with cigurctte tar (Table 1), Thus;
only three mice were alive at 12 months.. Four of
the original twelve mice hud developed pupillowas,
the first as carly as the 5th month, und. one de-
veloped histologicully proved cancer which: ap-

TABLE 1
SUMMARY SIOWING TIMES OF APPEARANCE. o HIsTo.
LOGICALLY. PROVED: PARILLOMAS AND CARCINOMAS
IN C5TRL AND: Swiss MICK®

C37RL auce Swise MicE
APPLICA® No. No:
TION: Moath wmice Pap,  Ca. mice  Fap..  Cs,
Tar T 89 S
Tar croton o I¢
Acetone: 12 19
Tar 2 87 S+
Tar croton 24 - 10
Acttone 12 10
Tar & 83 0
Tar croton: 24 6
Acetone n 9
Tar [ 75 78
Tar eroton. 23 5 4
Acctone v 8
Tar 8 64 1. 71 ¢
Tar eroton: s 1 4 4 1
Acctone: 10 9
Tar 10 62 2 60 4.
Tur croton: 23 ¢ 4 4 1
Acetone 10 7
Tar 12 [i{1) ¢ 67 5i
Tar croton 19 2 3 3 1
Acclone 10 ki
Tor: 14 56 3 56 6
Tar eroton: 14 2 3 4 1
Acetone 10 @
Tuar 16 51 4 44 10: 1
Tar croton: 13 $ 1 4 1
Acetone {1 . 4
Tar 18 3 3 42 18 7
Tar croton. 10 3 1 V] 4 1
Acetone; 9 3
Tar 20 19 8 22 0 i
Tar croton 9 S 1 0 3 1
Acetone 9 . b
Tar 22 6 g 1 5 92 12
Tar croton. § $ 0. 4 1
Acetone 8. 0
Tar 24 2 9 2 Q 22 )14
Tur croton’ [ 4 1 0 4 1
Acetone 7 o
Tur 26 ¢ 1w 2 0 2w 12
Tar croton. 0 4 1 |} £ 1
Acelone: 3. 1]

=1t colnmas boaded Pav,” and"Ca.,” Lhe 2otal numberof entis of
the tumors jx given up tosadiincluding the stated month. T'hic previaus occur-
wmi of the dcsignated tumors are included in the tolaly given, for cachi
month:

peared first in the 7th montl. These data would
suggest that for Swiss mice the additional applica-
tion of croton oil wmay aceclerate cancer and

papilloma. formation, though no definite conelu-

sions can be druwn because of the small number of'

antmals used. Th
Twenty-four C57 mice were used in: the cigar
cigarette tar and croton oil cxperiment. Ty the  huma
end of 1 year, nincteen mice were still alive;.a . cance
nunther which is comparable to the survivalrates: 38 the €
of animals painted only with tobacco tar. At the B ber ¢
endl of the experiment four of the animals had de- . amor
veloped pupitlonis, the first uppearing in the 5th Th
month, and one animal developed cancer, appear . with
ing first in the 18th month. These dats. suggest B since
that the additional painting of croton ofl mayalo 3  with
. AR
ot T techn
"h
%’“' result
S ) ;»mph
w actol
Yot - plﬁcﬂt
£ repea
i - . seem
. . if one
o s n‘allc"z;;L;:_‘ L it exy
HUMBER | OF NONTHS OF  APPLICATION | can .
—aGurma (RotWiond) Mscw (B6) Cigocathe tor/ACiene (OMW! .y
anne 57 Mt (89 with
Cuant 1.—Percentage of papilloma formation in Swis and " ‘M
C57 rmice: The tar used in the painting for the most pactiway our
about 6 months old at the time of spplication snd hnd/beenia. prese
acctone during that period. prese
tion.
z‘Tz ourfi
g affect
g8 twee
'_;.; paint
Siof - could
é . of th.
€ (35 the' f
a. ‘ [ - BCLUY
o | Fi . ing. (
! L i i A n e, 1 4 A A Led d ]
6 ¢ 8 1 1B 20 24 . ment
NUMBER OF MONTHS OF APPLICATION ~ tiony
— Swiss. {Rockland) Mrce (8E) Cigorene: tor/Acelone (03] ~ lowir
= (ST Mice (89), : sy
Cuant &—1 . ‘ s @i and ;. tion .
: .—TPerccutaye of carcinomns formation in Swissand &7 .
C57 mice. Soe legend wndiee Chart 1 for stuntoment of bow tkz H th‘n !
tar was fiundled before use, > solve
. nage;
accelerate cancer and papilloma formation in the g alkal
(37 stratn, Y main:
The carlicr experiments with tobacco tar and “I
croton oil applications on CAF; mice had shownuo 3 eino
significant increase in tumor formation; however, §: tion
the eroton cil applications had been begun onlyin . were
the 8th month of tobacco tar painting, * itis:
Acetone.—None of the animals painted’ with ¥ LG
acctone alone developed any lesions. .. Toron
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DISCESSION
The present experiment detnonstrated: that
cigatctte tar prepared in a manner simulating
human smoking habits cun induce papillomas and
cncers of the skin in strains of mice other than

the CAF; strain. It has also shown that the num-
ber of tumors oblained may vary significantly

among different mousc: stiruins,

This study. doesnot afford w reliable comparison
with our previous experiment with CAFy mice,
gnce the studics were dine at diffevent times and
with cigarette tar which was not stored in e sane:
wanuer, though the tar preparation and painting
technics were the same.

Phix report ik presonted lo shosw differencesin
results obtained for Swisy and CHTBL mice and L
emphasize the importance of standardizing the
factors of tar storage and methodology of tar ap-
plication. As différent investigators attempt to
repeat our reported cigarette tar experiments, it
swems: of importance to standardize these points

" i{fone wants to obtain comparative results. Only:

if experimental technics are as similar ay possible
ean results from one experiment be compured
with those of another,

Storage of tar.—The only difference, at least to
our knowledge, Between the CAFy and the
present experiment is that the cigarctte tan in the
present study had been standing iniacetone solu-
tion for ubout 5 months longer than that used n
gur first study. This difference, of eourse, could nol.
affect the observed variations in the results be-
tween the: Swiss and C57 strains, which were
peinted’ with the same “old” cigarette tar, but

" could conceivably bew factor in making the resnlts

of the present experiment different from those of
the first (7). It is possible that the carcinogenic:
activity of the tar may bedeercasediby: longstand-

 ing: OF course, even:the tar used in our first experis

ment had usually been slanding in scclone solu-
tian from 1 to 8 months. Wright! has made the fol-
‘owing'comments in regard to this probleme:
“Attention must be given to possible deteriora-
tioniof tobaceo tar as a result of aging: Condensi-
tion reactions may oceur with acetone used as-the
solvent. The condensation reactions of Knocve-
ragel type may be enhanced by the presenceof the

¥ :lkaloidal bases. They might. be: minimized by

maintenance at low temperature.
“Tt seems. to be & charactenistic of many cat-
cizogens that they undergo quinone-type oxida-

tion in the presence of oxygen. If the oxidation

were to precede application before biologic testing,
itis reasonable to assume a carcinogen might lose

1G; F.. Wright, Professor. of ¢hemistry, niversity of
Torunti, Outario, Cuanndh.

activity: Becunse of mubient temperatune wid
pressure changes, @ glasssstoppered bottle will
breathie. and thus provide free: oxpgen for the
degradation process. Oxidution could be prevented
by wmaintenance i curbon dioxide almosphere.
Thus it muy be udvisable to store tobaceo tar in
an insulated container filed with dry ice.”

Later studies. when perhaps the active carcinos
gen(s) in cigarette tan has heen identified| ny
determine wlhiether these substances lose potency
wpon standing it an acetonesolation. As preeins
bon, we now store cigarette tar in dey formy in
brown hottles in the vefrigerator and prepare the
tar /ncetone solutions at biweekly intervals as they
ae needed Tor pointig

Methods of tar applivation, - The variations in
results obtained hy different investigators. using
tobuceo tar may beaccounted for by several points
which will seem obvious to those cxperienced in
technics of skin painting: In.observing different in-
vestigators, however, we Have been impressed with
the variations in technics witli which tobacco tar is:
applied to the mouse skin. Some warkers paint
only & smalliarca of the back, some apply the tar
with but one stroke of the brush or with 4 gluss
rod, while others da not shave the animals be-
tween puintings when hair cogrowth oceurs.

While the: brush method! of painting cannot be
very accurate quantitatively, it ean nevertheless
be fairly well standardized from experiment. to
experiment. This seems.of particular importance if
an investigator attempts to repeat a previous ex-
periment. We always shave the mice prior to cach
painting if hair has regrown. Using a No. 5'camel's-
lir brush, we rub tar into. the skin with five or
six 1 ush steokes ranging, from the ._pe of the
neck to the il covening the whole width of the
back. Thus, we attermpt. to bring the taninto close
contact with o wide arcw of skin. Such results
probably increase the chance of cancer Jdevelap-
ment when oneis:dealing with a dilute carcinogen.

The results of different investigators, everw if
using the swme tar, only be: compared when
the same methodsof tar apnlication have been.em-
ploved. It is for this reason that we call'uttention
to this ruther abvious but appareatly frequently
negleeted factor.,

Strain diferences.—C37B L mice have Jong been
regarded as o strain relatively resistant to skin
cancer as summarized by Berenblum, though
Poel recently found that it is more susceptible to
low doses of benzpyrene than cither the Swiss or
CAF, strain (1, 4).% Of course, the skin may not
only differ in its resistance to cancer formation but.
may also vary in respect to Jifferent carcinogens..

SPeesonnd cammanivdion, 1955,
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The Swiss mouse, being genctically impure, can
be regarded as & less reliable index of compurison
for results of different investigators:

The results of the Swiss snd C57 mice painted
with the identical tar clearly demonstrate that
the C57 strain would be a poor strain to- use for
thiese studies. Qur observation may account for the
relatively negative findings of Suginea, who wsed
C57 mice in his tobacco tur experiments in 1940
(8).

Significance of antmal-cigaretle research.— The:
ultimate proof of whether or not a given agent
causes cancer in man rests exclusively on clinieal,
statistical, and incidence duta obtained from:man.
The studies relating lung cuncer to cigarette smok--
ing in all of thesc respects are now s0- extensive:
and well confirmed that there is no disugreement
among workers who have: actually investigated|
this subject that there is & causative relationship
between cigarctte smoking and/lung eancer in man
(2, 8, 6) An animallexpcriment cannot significant-
ly add and certainly cannot detract from these
human observations. The purpose of the labora-
tory cxperiment is chicfly to identify active:
carcinogenic components which must. be in,
cigarette tar: Such a procedure cun only be done
through Jaboratory investigations. It can only be
assumed that the carcinogen(s) isolated for the
animal will also be the carcinogen active for man.
The fact that in tobacco rescarch the animal ex-
periment is in line with the human experience
emphasizes this possibility:

SUMMARY
1. Swiss and C57 wmice were painted with con-
densed cigare.i¢c smoke in a manner similar to that
previously reported for CATFy mice, with the
exception that the tar had been standing in ace-
tone for a longer period of time in the: second
experiment..

Fic. 1.—~No, 392 Swiss. mouse, atreinoma, 591 days:

2. Among SG Swiss mice 22 papillomas and
twelve carcinomas were noted. The results for C37
mice were ten papillomas and two: carcinomsy
awmong 39 mice. } 3

3. The data show Swiss mice to be a more JEE
susceptible strain to cigarette tar painting than 4
*57 mice.

4. Appliculion of croton. ail, in addition ta:
cigarette tar, appears to accclerate the formation
of lesions in Swiss and C57 micc. '

5. The: possibility is discussed that the:Highet!
percentage: of lesions: previously reported. among 4
CAP; mice could be on the basis that that exper-
ment was-conducted with tar that had been stand-'
ing in acetone for a shorter period of time before
use than that used in the second experiment.

G. Tt iy suggested that in experiments usiog:
condensad: cigarette tar us w possible carcinoges,
the tar be stored refrigerated in: undiluted form,.
in brown: bottles, and that the solutions to beused
for the applications be prepared at biweekly.
intervals, :
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2.

Fig., 2.~No. 392 Swiss. nouss, photomicrograply of car- ] t

cinoma.

F16. 3.0, 401! Swiss mouse, carcincme, 201 days:
Fio. 4 —Nu 401 Swiss mouse, photomimograph of cor-

_cinown.

Fig..5.—No. 221 C57. mouse, carcinoma, 712 daya:
Frc: 6:~No. 221 57 mouse, photomicrogruph: of car-

cingma,
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