C e l:w,d.'.d,. v \/OI - (_l 9 L,L?.)

[nfluence of Carcinogens on the Age Incidence of
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Percutareous application of methylcholanthrene. 3.4- MATERIALS AND METHODS
benzpyrene, and g.1u-dimethyl-1.2-benzanthracene dis-
solved in benzene caused an increase in the totl inci-
dence, and the precocious appearance, of leukemia in
mice of the dba strain (7, to, 11). Approximately 30
per cent of untreated mice of this strain develop the
disease (7). Similar treatment with methylcholan-
threne (6) and benzpyrene and methylcholanthrene

A 0.5 per cent solution of 3.4-benzpyrene in benzene
was painted twice weckly on the skin of 32 strain F
mice according to the technic of Morton and Mider
(10). In 7 mice the treatment was begun at birth, in
the other 25 at an average age of 35 days. Thirty-nine
male mice of the low leukemia C3H strain were
treated similarly. One hundred and seven strain F
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(3) of two high lekemia strains hastened the appear  1ice were painted in like manner with methylchol- L
ance of the disease but decreased the total incidence,

1%

anthrene. A preliminary report has appeared on 3 of

since many mice died from induced neoplasms other

! % ! these mice {6). Thirty strain F mice were painted 1
than leukemia. Mice of the low leukemia RE stock  pyice weekly with m:):hylcholamhrcnc bcgim}:inng at, i
responded to skin painting with and subcutancous in- it Thirteen strain F mice were painted twice E:
jection of mclhylch?lanthrfne. and benzpyrene _by weekly, beginning at approximately 35 days of age, £
exhibiting both a higher incidence and an arlier ;i 5 0.3 per cent solution of 1,2,5,6-dibenzanthracene ¥

appearance of the disease than controls. Hybrids
between a high (Ak) and a low leukemia (Rf) stock
responded in a similar manner (3). Several strains
(NH, Cs7, CHI) with a low incidence of spontancous

dissolved in benzene. Twenty strain F mice were
painted similarly with benzene, the vehicle for the
carcinogens; 20 mice reccived weckly injections of
0.001 cc. of benzene in sesame oil, a treatment which is

%  leukemia failed to respond to the leukemia-inducing  id to have induced leukemia in market mice (8, 9).
2 activity of carcinogens (6, 7, 11). On the ather hand,  Thirteen strain F mice, 6 females and 7 males, received
F:’ some strains (Swiss, Rf, C3H, Buffalo) with a very 5t 6 wecks of age 2 intravenous injections of methyl- =
E low incidence of spontancous leukemia developed 2 cholanthrene dispersed in horse serum (a total of &
= high incidence following treatment with carcinogenic o2 cc. of a dispersion containing 1 mgm., more or T
£  chemicals (3, 11). Three of 4 strains (dba, Ak, F, less, per cc.). The dispersion of methylcholanthrene g
Cs8) which have a'high incidence of the spontancous  jn horse sefum was made by the method of Andervont f
disease developed leukemia earlier in life when treated  and Lorenz (1). A total of 212 strain F mice served %l::' :
with methylcholanthrene, benzpyrene, or g,10-dimethyl-  as controls. All mice were maintained on the same bs
1,2-benzanthracene (2, 3, 6, 7, 10, 11, 12). diet, Purina fox chow. i
The present report concerns further work on the Mice were examined daily. Diagnosis was made .
reaction of the high leukemia F strain to carcinogens, from gross findings and tissue imprints stained with a ,
a preliminary report (6) having been given on the May-Griinwald-Giemsa combination (5). A cytologi- .
reaction of this strain and 3 low leukemia strains 1o <al study was made in every instance.
the percutancous applic:'uion of methylcholanthrene. :f ;
RESULTS L 5
. * This investigation has been aided by prants from The Jane g, ek
= Cofin Childs Mcmorial Fund fur Molical Research, the Fluid  Twenty-four of 107 strain F mice (22.4 per cent) L g
I Recach Fund of Yale Univenity School of Malicine, The  developed leukemia before 200 days of age when 1 %
£ .\nm‘Fullcr Fultd. and b\ a grfugt. fr.‘-’“.‘ thF re‘.w:arch funds of painu:d with mélhylcholamh rene dissolved in benzene .. -j
the .(-‘r:uluatc Schonl of the Cniversity of Mianesata  (grant bevinnioe = d f 2 N : 335’
1 administered by Professor Hal Downey). gning at 33 days ot age, and 32 of the 107 (30 per g
: ** Now locatad at the Departntent of Anatomy, Universioy of cent) before 3o0 dnys of age. Five of 32 (16 per cent) - ""}-
Minnesota Mudical Schod, developed leukemia before 300 days of age when { E;
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painted with 3.4-benzpyrene, and 15 of 32 (47 per
cent) betore 300 days of age. Ounly 5 0t 212 (2.3 per
cent) untreated strain F controls developed the disease
befure they had reached the age of 2v0 days. 29 of 212
(135 per cent) before 300 days. No mice of a group
of 12 painted With dibenzanthracene developed leu-
kemia before 300 days. In the instances given above
the carcinogens were dissolved in benzene. Controls
similarly treated with benzene alone developed leu-
kemia no carlier than untreated controls: 2 of 29, or
- per cent. before 300 days of age. Animals injected
with benzene dissolved in sesame oil developed leu-
%emia at perhaps a somewhat earlier age than un-
treated controls: o per cent before 200 days of age,
but 30 per cent before 300 days of age. Table [ sum-
muarizes thesé results.

e ———
mals: in untreated strain Fowice the usual discase in
very youny animals is mediastinal, lymphaosarcom,
Lymphosarcoma and leukemia have been tabuylyge
together as “leukemia™ {Tables 1, I1, and 111,

The efficiency of the carcinogen. when diswols ! ..
benzene and applied to the skin. in hastenin - 3.
appearance of leukemia could be correlated witis 5,
potency of the carcinogen in inducing the developniay
of skin tumors in these mice. No mice survived skip.
painting with methylcholanthrene for more than 10,
days without developing either skin cancer o Jey.
kemia, whereas 12 of 32 mice treated similarly with
3-benzpyrene did not develop cither skin cancer of
leukemia until after 200 days of treatment. In thine
treated with dibenzanthracene no skin tumors appeired
betore 200 days of skin painting had elapsed.

tated

Tasee I: Occurrenck oF Levkestia ix Contron Strax F Mice axo Svray F Mice Recraviveg
TrEATMENT Wit CARCINOGENS AND BENZENE

Numiber develop-
. ing leukemia Number dead NXnmbwr
Nuniber before 300 days  Number of witiout still
Treatment of mice of age leukemias Jeukemia alive
1 €3 29 108 70 34
Mcthylcholanthrene in benzene® ...... 107 32 3 75+ "
Methylcholanthrene I benzene §. ----- 30 ‘10 0 207 "
3.4-Benzpyrene iN benzene........... 32 13 17 15t
1,2,5.6-Dibenzanthracene in benzene. .. 12 ) 5 - n
BENZENE servasrusssumsansunnsnnnas 29 - a Mice living beyond 300 days
of age killed at 440 dare
b nee .
Benzene in sesame oil §.. ..l il 20 6 s Mice living bevond 300 dais
' of age killed at 375 days
of age
Methylcholanthrene in horse serum ... 13 1 3 7 a

* Treatment started at 35 days of age.
t High death rate due to skin wumors.
$ Treatment started at birth.

The period of skin painting with methylcholan-
threne before leukemia appeared was approximately’
130 days, whether treatment was begun at birth or at
35 days of age. The average age at which leukemia
appeared was 134 drys if painting was begun at birth,
162 days if it was begun at 35 days of age. The aver-
age at which the disease appeared in the benzpyrene-
painted animals was 235 days, after slightly more than
200 days of treatment. If only the fint 33 per cent of
the animals to develop leukemia are considered (to
make the hygutes comparable with the methylcholan.
threne group) the number of days of painting required
was 175, or 4o more than in the methylcholanthrene
group. The latent period in the dibenzanthracene
group was about 375 days.

Animals treated with 3.4-benzpyrene developed more
mediastinal lymphosarcomas than did those treated
with methylcholanthrene, Methylcholantheene favored
the appearance of systemic leukemia in young ani-

£ Subcutaneous injection.
i Intravenous injection.

Among all mice treated by pcrcuuncous application.
53 Of the 64 that developed leukemia ( Table 1) were
tree of skin tumors, whereas only 8 of the 117 treated

Tasee 11 Avenace Davs or Paxmye Preckpine Lruxian
witit j Diveerexy Cancivoceys

Average days of painting preceling

Carcinogen leukemia

Mcthyicholanthrene +. ... 134 days (30—33 per cont develugned
teukemia)

3-Benzpyrene  ..........175 days for first 33 per cent: 2.
days fur 53 per cent

1,2,5,6-Dilenzanthracene . ..375 days

mice that did not develop leukemia were free of vither
skin carcinomasor papillomas. In all cases suppuratiss
was associated With the skin cancer. No lunyg tummen .
were found 0N Qgross examination, Most ot thr 3w
C3H male mice which were treated twice weekly with
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3.4~l\c|;7.p'\'rcnc developed skin tumors, but none devel-
oped leukemia,

Intravenous injection at 6 weeks of age of .2 nym,
of methvicholanthrene dispersed i horse serum did
not decrease the latent period tor the development of
leukemia. ©Of 1j strain F mice so treated only one
developed leukemia before 200 days of age, and this
was the only mouse of the group to develop leukemia
betare 300 days of age. The incidence of spontaneous
mammary eancer in the F strain is less than 1 per cent
(one case in 11j control female breeders), but 3 of 6
fenutles receiving  methylcholantheene intravenously
developed mammary cancer. All these animals had
been ailowed to breed and eear young. Two of these
mammary cancers appearetl ai 180 days of age, and the
animals were sacrinced at 20% days of age, when the

cinogen relatively more mice died of skin tumors
before 200 days of age. Dibenzanthracene painting
disd not alter the Tatent period (as found in untreated
animals) for leukemta. The cffectiveness of these
carcinogens in decreasing this latent period was pro-
portional to their effectiveness in producing skin cancee
in this strain.

In studying the infuence on leukemia in the F strain
of an artificial nongenetic factor. 3.4-benzpyrene thus
far appears to be the carcinogen of choice since it is
better tolerated than methylcholanthrene (fewer skin
tumors at an early age) and more effective thin
dibenzanthracene, It has not yet been deterinined
whether the total incidence of leukemia in the F
strain can be increased by lowering the concentration
of the solution of lwnzpyrene in benzene. thus perhaps

Tanek I Skax Tusmons ax ReLarion 10 1k Averaraves o Levkeats iy Steax F Mice Recravisa
PrrctTaNEoUs AepLications ok Cancivocrxs DissoLvep 1x BeNzexe

.\-':Ilnl)er

Carcinogen ui mice
Muthvicholanthrene § sxererrerarunanns -
Methylcholantheene d sovrevvreannnann 30
Renepyrene =esssssssssmnsssssnnnnnns 32

Dibenzanthracene =ssssssssssssssaanss 12

‘touh AEssssEsEsEEEEEEEEREREERAEn 181

Leukemic mice—i4g Nuonleukemic mico~t13

No skin * Skin * No skin * Skin
tumors tamors tunors uMurs
39 3 5 7
9 1 1 19
10 7 1 13
4 1 t 6
52 12 b 109

® »skin tunors” includes carcinomias aml papillomas of appreciable size.

% Treatmient begun at 35 days of axe.
3 Treatmeut beyun at hirth.

“ tumors had reached a considerable size, One tumor
was an adenocarcinoma, the othér a squamous cell
warcinoma. The third mammary cancer, a squamous
cell carcinoma, appeared at 478 days of age. In both
squamous cell carcinomas the origin of the cancers
could be traced from ductal epithelium. The carcino-
gen had been injected intravenously into the tail vein,
a site distant from the axillary region, in which all the

. mammary tumors arose.

DISCUSSION

Following the percutaneous application OF 3,4-benz-
pyrene to mice of the dba strain, Morton and Mider
(11) found the latent period preceding the appearance
of leukemia to be greater than with methylcholan-
threne. The incidence of the disease also was lower.
In the present experiments with the F strain it was
found too that the latent period was longer with
3.4-benzpyeene than with methylcholanthrene, but the
total incidence of. leukemia was greater. The latter
findings can perhaps be attributed to the longer latent
period preceding the development of skin tumors in
the F strain when benzpyrene rather than methyl-
cholanthrenc was used. In the case of the latter cac.

decreasing the incidence of skin tumors without tow
appreciably affecting the power of the carcinogen o
induce leukemia.

Apparently those treated F mice that did not de-
velop skin tumors were more susceptible to the induc-
tion of leukemia than were these that did (Table I11).
Jr is possible that the development of skin cancer
exerted some inhibitory action on the development
df leukemia, or that the suppuration asseciated with
the skin tumors represents an inhibitory mechanism.
In contrast to these findings, however, Engetbreth.
Holm and Letévre (2) have observed that in mice
ofthe Ak and DIb strains painted with g,10-dimethyl.
1,2-benzanthracene, "no antagonism was observed be-
tween the occurrence of the painting tumor and the
development of mammary carcinoma or leukemia.""

While the percutaneous application of benzene did
not significantly alter the age incidence of leukemia
in a group of 29 strain F mice, there is evidence that
perhaps this vehicle for the carcinogens can appreciably
shorten the preleukemic latent period and increase the
incidcnce of leukemia in the dba strain, although not
to the same extent as either methylcholanthrene or
3.4-benzpyrene (11). Morton and Mider (11) also
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found that the carcinogens were more effective when
dissolved in benzene than in acetone. It is likely that
in the series Of F mive injected wich benzene in sesame
oil (Table ) :}.c appearance of leukcmia was ac-
celerated, but not nearly so decidedly as in animals
receiving methylcholanthrene or 3w-henzpyrene dis-
solved in benzene. ”

In our experience the response of mice to carcinogens
with respect to the development ot leukemia has been
in direct proponion to the susceptibility of each strain
of mice to spontaneous leukemia @®)-. In the C3H
strain painting with methylcholanthrene mised the
incidence of leukemia from t per cent (3 of 280
animals) to 33 per cent (3 of 94 animals). The
disease in untreated animals appeared when they were
between go0 and 600 days of age, whereas induced
leukemia appeared in mice between oo and 300 days
ofage (6). Among 39 C3H mice treated similarly
with 3.4-benzpyrene no leukemias appeared within
the first 300 days of life. Itis of interest that treatment
wiith appropriate doses of estrogenic hormones raised
the incidence of leukemia appreciably in the C3H
strain (4). In the C3H stock used by us the estrogens
represent a more potent leukemia-inducing agent than
either methylcholanthreneor 3,4-benzpyrens. Neither
the NWH nor Cs7 strain, both low leukemia stecks,
developed leukemia when treated with methylcholan.
threne (pcrcuuncous application). Other investigators
have observed, however, that the incidence ofleukemia
can be definitely increased in certain low leukemia
stocks by treatment with carcinogens (2,7, 1t).

The latent peried between the institution of treat-

mert and the appearance of leukemia was not signifi-
andy different, whether percutaneous application was

begun at birth or at 35 days of age. This observation
is in keeping with the findings of other investigators,
who have noted, in addition, that older apimals are
perhaps not so responsive to the leukemia-inducing
action of carcinogenic agents as those 2 months ofage
or younger (7, 11).

The intravenous injection of methyleholanthrene did
not affect the age incidence of leukemia in the small
group of mice used. It is possible that cither the route
of administration or the vehicle used was responsible
for the ineffectiveness of the carcinogen. Also it is
probable that the total quantity of carcinogen made
available to the animal was not sufficient to effect the
carly appearance of leukemia. The development of
mammary cancer in 3 out of 6 females is a finding
in keeping with the observations of Strong and Wil-
- liams (13); namely, that treatment with methylcholan-
threne increases the incidence of mammary cancer in
females of a low mammary cancer strain.

SUMMARY

The efficiency of methylcholanthrene, 33-benz.
pyrene, and r.2.5.6-dibenzanthracene. when dissolucd
in benzene and applied to the KiN. in hastening
appearance of leukemia in the high leukemia F straan
of mice bore a direct relacion 10 the putency of the
carcinogens in inducing other tumors in these m;ce.
Both methylcholanthrene and benzpyrene were effee.
tive in shortening the preleukemic latent period,
methylcholanthrene being the more active in this .
gard. Dibenzanthracene did not decrease the pre.
leukemic latent period. although this carcinogen dees
induce skin tumors. The latent period (between insts.
tution Of treatment and the appearance of leukemia,
was the same whether treatment was begun at birth
or at 35 days of age. The effect on the appearancs
of leukemia could be attributed to the action or the
carcinogens and not to the vehicle, benzene, The
treated mice which did not develop skin tumors reudiiy
were more susceptible to the induction of teukemia
than those which developed skin papillomas and carci-
nomas relatively early. Intravenous injection oi o.
mgm. methylcholanthrene at 6 weeks of age did nex
influence the age of appearance of leukemia in 13
strain F mice, but 3 of 6 female breeders developed
fmammary cancer. The incidence of mammary cances
in untreated female breeders of the F strain is less
than r per cent.
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