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SUMMARY

The sensitivity of A/HeJ, AKR/J, C3H/HeJ, C57BL/6J,
C58/J, and DBA/2J male mice to single i.p. injections of 7,12-
dimethylbenz[a]anthracene (DMBA) was investigated. The
drug was administered in a single dose of 0.75 to 3 mg per mouse
and animals were sacrificed 5-20 days after injection. The AKR
mice were least affected by DMBA. Acute ]>eritoneal inflamma
tion accompanied by accumulation of an exÃºdatewas pronounced
in the C57BL/6, A/He, C58, C3H/He mice and only slight in
DBA/2 and AKR mice. Depression of the lymphocyte count in
the peripheral blood and decrease of the weight of spleen and
thymus were also more pronounced in strains with increased
mortality rates and severe jieritoneal inflammation.

Toxicity remained the same whether sesame oil, dimethyl
sulfoxide, or hexadecane were the solvents, but decreased when
DMBA was suspended in physiologic saline containing Tween
80.

Male and female AKR and C57BL/6 mice responded the same
to treatment.

INTRODUCTION

In testing drugs for toxicity we have noticed that i.p. admin
istrations of DMBA were more toxic to C57BL/6 than to AKR
mice.

Studies of the influence of strain specificity on the induction
of skin tumors by chemicals revealed that C57BL mice showed
more severe toxic reactions than other mouse strains. Mider and
Morton (8) observed that C57BL mice were ill after 12 biweekly
paintings of an 0.5% solution of 3-methylcholanthrene in ben
zene. Andervont and Edgcomb (1) applied weekly an 0.25%
solution of 3-methylcholanthrene in benzene to the skin of A,
BALB/c, C57BL, C3H, DBA/2, I, and RIII mice. The C57BL
mice were the only strain to exhibit any deleterious effects.
Oilman (5) made similar observations in regard to the high sen
sitivity of this strain to the toxic effects of cutting oils, tobacco
tars, and croton oil. Shubik and Sice (12) considered the C57BL
mouse unsatisfactory for skin painting studies, since their skin
often ulcerates.

In view of these findings and because of the well-known differ
ences in spontaneous tumor incidence between mouse strains (6)
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it was deemed important to study the toxic effects of DMBA ad
ministered i.p. in various inbred mouse strains.

MATERIALS AND METHODS

Mice, obtained from the Jackson Laboratory, were 5-8 weeks

old at the beginning of the experiment.
DMBA was obtained from Eastman Organic Chemicals De

partment, Rochester, N. Y. It was 99.5 + % pure as determined
by gas chromatography by F. M. Archibald and was also checked
by ultraviolet absorption spectroscopy by D. Hoffmann of this
institute. Taking as reference Sandin and Fieser, J. Am. Chem.
Soc., 62: 3098, 1940, the log E at 364 m/i is 3.94. The average
log E of 3 runs was 3.93. The results, therefore, are within an
experimental error of 3%. The paper chromatogram showed
trace impurities when exposed to a short wave ultraviolet lamp
(254 m/u). Sesame oil (Benne), U.S.P., w-hexadecane, and di
methyl sulfoxide were purchased from Fisher Scientific Com
pany, Fair Lawn, N. J.

DMBA was administered i.p. as a single dose of 0.75 mg and
1.5 mg/mouse dissolved in 0.1 ml, or of 3 mg/mouse dissolved
in 0.2 ml of sesame oil. To study the role of the vehicle, dimethyl
sulfoxide, hexadecane, and physiologic saline containing 1 drop
of Tween 80 per 15 ml were used.

Five, 10, and 20 days after injection groups of mice were killed
and autopsies were performed. The body, spleen, and thymus
weights were recorded. The differences in body weights of mice
with and without peritoneal exÃºdate represented the ascites
values.

Samples for blood counts were taken by orbital bleeding. For
the differential counts blood smears were made and stained with
Wright's stain. Monocytes and intermediate forms between

monocytes and lymphocytes were ]>ooled and included in the
lymphocytic count.

For the determination of bone marrow cellularity mice were
killed by cervical dislocation and both femurs removed. The
marrow cavities were opened at both ends with a drill and the
bone marrow was flushed out and diluted with 2 ml of 3% solu
tion of acetic acid. The nucleated cells in this susi>ension were
counted in the hemocytometer.

RESULTS

Toxic effects following a single i.p. injection of DMBA in male
mice of various mouse strains are presented in Tables 1 and 2.
There were no deaths b\ Day 5 in any group. After 5 days the
mortality of mice of different strains varied. DMBA caused less
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TABLE 1
Effect of DM B A' in AKR and DBA/2 Male Mice

StrainAKRDBA/2Dayafter
injec
tion10510201051020DMBA6(mg/mouse)Control0.751.53.00.751.53.00.751.53.0Control0.751.53.00.751.53.00.751.53.0Mortality0/200/200/200/200/200/201/200/202/205/200/100/100/100/101/101/105/101/105/1010/10Av.

initial
body wt.(gm)21.4

Â±1.021.6
Â±2.022.5
Â±2.321.5
Â±2.619.8
Â±1.921.0
Â±2.221.2
Â±2.121.5
Â±1.521.9
db1.521.1
Â±1.620.2

Â±2.821.1
Â±1.520.9
Â±1.719.4
Â±2.119.9
Â±1.220.0
Â±0.720.2
Â±1.819.9
Â±0.719.7
Â±0.922.4
Â±1.4Body

wt.
change
(gm)+2.6-0.7-1.8-1.5+1.3-0.4-0.3+

1.8-0.6+

1.2+0.4-0.6-1.1-1.8-0.8-2.4-0.4-1.4-2.8Av.

spleen wt.
(mg)82

Â±1252
Â±1041
Â±337
Â±6G3
Â±1149
Â±1331
Â±972
Â±1252
Â±1039
Â±2190

Â±1656
Â±745
Â±(i37
db542
Â±728
Â±821
Â±573
Â±1952
Â± 25Av.

thymus
wt.(mg)94

Â±1596

Â± 13Av.

ascites(gm)0091

Â± 11084
Â±887
Â±1583
Â±1667
Â±2080
Â±1253
Â±1163
d=1077

Â±1745
Â±1038
Â±935
Â±1044
Â±1440
Â±1026
Â±437
dr1419
Â± 30000.9

Â±0.8I)01.9

d=1.0000000.6

Â±0.41.3
Â±0.700.5

Â±0.1

0 DMBA, 7,12-dimethylbenz[a]anthracene.
6 DMBA dissolved in 0.1 or 0.2 ml of sesame oil was administered i.p. Controls received 0.2 ml of

sesame oil i.p.

deaths in the AKR than in any other strain. Only 5 of 20 mice
treated with 3 mg/mouse, 2 of 20 mice receiving 1.5 mg/mouse,
and none of the mice treated with 0.75 nig/mouse died by Day
20.

The DBA/2 mice (Table 1) also showed a low mortality.
Following DMBA treatment with 0.75, 1.5, and 3 mg/mouse,
1, 5, and 10 mice, respectively, died by Day 20.

In contrast to AKR and DBA/2 mice the mortality was high
and similar in the C57BL/6, C58, C3H, and A/He mice (Table
2). All of the C57BL/6 mice treated with 3 mg or 1.5 mg DMBA
l>er mouse, and 17 of the 20 mice treated with 0.75 mg were dead
by Day 20.

AKR and DBA/2 mice showed less loss in body weight than
the other strains. Following all 3 dose levels of DMBA the AKR
and DBA/2 mice (Table 1) showed less than 2 gm weight loss
by Day 5 whereas the C57BL/6, A/He, C58, and C3H/He mice
(Table 2) lost more than 2 gm after 1.5 and 3.0 mg of DMBA.
The body weight losses in general were dose related.

At autopsy the peritoneal cavities showed acute inflammation
of the peritoneum accompanied by the accumulation of fluid. On
Day 5 the exÃºdate was cloudy or milky and by Days 10 and 20
it was milky and sometimes hemorrhagic. By Day 10 the exÃºdate
was often fibrinous and adhesions started to form between the

organs. The exÃºdate in A/He mice was less viscous than in

C57BL/6, C58, and C3H mice. The i.p. fluid taken from C57BL/
6 mice on Day 5 contained polymorphonuclear leukocytes, lym

phocytes, and a few monocytes. From Day 10 on only a few cell

shadows and protein particles could be seen. Small amounts of

fluid in the pleural cavities were usually concomitant with severe
cases of fluid accumulation in the peritoneal cavity. Only slight
amounts of peritoneal exÃºdate were found in the AKR mice
treated with 3 mg DMBA and in the DBA/2 mice treated with
1.5 or 3 mg/mouse, whereas all treated groups of the other strains
contained from 0.8 to 3.4 ml peritoneal exÃºdate.

In the control mice the thymus weight was the greatest in the
AKR mice. The spleen weights were in the same range in all the
strains. Treatment with DMBA affected the weight of the thy
mus more than the spleen. A close correlation existed between
mortality and the reduction in weight of thymus and spleen.
Spleens of the mice which died from DMBA intoxication weighed
less than 20 mg and the thymuses were either invisible or so
small that they could not be weighed accurately. A marked de
crease in spleen and thymus weight occurred in the strains
C57BL/6, A/He, C3H, and C58 (Table 2), a moderate decrease
in the DBA/2 mice and the least in AKR mice (Table 1). Follow
ing DMBA doses of 0.75, 1.5, and 3.0 mg/mouse the spleen
weights for AKR mice at Day 20 were 72, 52, and 39 mg, respec
tively. In contrast, all the C57BL/6 mice treated with 1.5 and
3.0 mg/mouse were dead by Day 20 and the average spleen
weight of the 3 surviving mice was 30 mg. Even more striking
was the difference in the weights of the thymus glands of these

2 strains. There was only a moderate decrease following all 3
doses in the AKR mice, whereas in the C57BL/6 mice the thymus

glands were not noticeable after a dose of 0.75 mg/mouse.

Table 3 shows the effects induced by a single injection of 1.5

mg/mouse of DMBA on white blood cell counts and bone marrow
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TABLE 2
Effect of DMBAÂ«in C57BL/6, C58, CSH/He, and A/He Male Mice

StrainC57BL/6C58C3H/HeA/HeDayafter
injec
tion1051020105102010510201051020DMBA5(mg/mouse)Control0.751.53.00.751.53.00.751.53.0Control0.751.53.00.751.53.00.751.53.0Control0.751.53.00.751.53.00.751.53.0Control0.751.53.00.751.53.00.751.53.0Mortality0/200/200/200/200/204/2019/2017/2020/2020/200/100/100/100/92/107/108/102/109/1010/100/100/100/100/101/105/1010/107/108/1010/100/100/100/100/100/97/109/108/1210/1010/10Av.

initial
body wt.(gm)21.4

Â±0.920.6
Â±0.620.6
Â±1.321.2
Â±2.120.8
Â±1.121.0
Â±4.721.0
Â±2.221.5
Â±1.621.3

Â±1.421.2
Â±0.819.3
Â±2.519.2
Â±0.519.9
Â±0.819.8
Â±2.219.2
Â±0.819.7
Â±1.119.2
Â±2.219.3
Â±0.919.4
Â±0.620.0
Â±2.519.9
db0.719.9
Â±0.620.3
Â±1.221.0
Â±3.420.1
Â±1.720.3
Â±1.120.4
Â±2.120.0
Â±1.920.3
Â±0.623.8
Â±1.419.4
Â±4.220.3
Â±2.520.3
Â±2.419.5
Â±1.820.6
Â±2.820.3
Â±2.220.7
Â±0.919.4
Â±4.120.6
Â±0.820.5
Â±0.7Body

wt.
change
(gm)+0.7-1.5-2.6-3.2-0.4-3.4-4.0-2.4+

1.3-1.4-3.3-2.8-2.6-5.8-0.6-0.4-6.0-1.3-3.1-3.2-4.2-2.2-0.9-0.9-6.5+2.2-1.7-3.3-3.7-2.5-8.2-8.0-5.4Av.

spleen wt.
(mg)99

Â±1841
Â±1123
Â±522
Â±1132
Â±1316
Â±42730

Â±6127

Â±3060
Â±2227
Â±522
Â±841
Â±3112
Â±319,2535

Â±1414102

Â±3634
Â±722
Â±516
Â±338
Â±1727
Â±1054

Â±3119,
18111

Â±4135
Â±727
Â±720
Â±831
Â±1118
Â±31430

Â±18Av.

thymus wt.
(mg)58

Â±1744
Â±1123
Â±7<1522

Â±7<1528<1562

Â±1237
Â±1221
Â±518
Â±837
Â±13<15<1526

Â±21<1535

Â±1327
Â±925
Â±517
Â±828
Â±1528
Â±822

Â±918,1453

Â±1227
Â±8<15<1518

Â±8<15<15<15Av.

ascites
(gm)01.1

Â±0.91.7
Â±0.61.9
Â±0.62.5
Â±1.11.9
Â±0.73.03.4

Â±1.400.9

Â±0.61.5
Â±0.51.2
Â±0.51.6
Â±0.61.2
Â±0.33.8,2.52.6

Â±0.91.800.8

Â±0.41.1
Â±0.41.2
Â±0.41.6
Â±1.41.8
Â±1.81.4

Â±1.31.4,0.801.0

Â±0.91.0
Â±0.81.2
Â±0.61.9
Â±0.51.1
Â±0.80.71.6

Â±1.2

" DMBA, 7,12-dimethylbenz[a]anthracene.
*DMBA dissolved in 0.1 or 0.2 ml of sesame oil was administered i.p. Controls received 0.2 ml of

sesame oil i.p.

cellularity in AKR and C57BL/6 mice. The essential difference
was a pronounced depression of the peripheral lymphocytes in
the C57BL/6 mice. Five days after injection the lymphocyte
count was 21% of the normal count and it decreased to 10% by
Day 10. Concomitant with the fall of the lymphocytes in the
C57BL/6 mice the bone marrow cellularity sharply decreased.

Male and female AKR and C57BL/6 mice responded the same
to DMBA (Table 4) in resjject to spleen weight, thymus weight,
and the formation of ascites. The females weighed approximately
19 gm each, i.e., 1-2 gm less than the males, at the time of injec

tion. Therefore it was not surprising that the same amount of
DMBA was slightly more effective in the females.

Sesame oil has been used as standard solvent for DMBA in our
studies. For comparison, the effects of dimethyl sulfoxide, hexa-
decane, and physiologic saline containing 1 drop of Tween 80
per 15 ml upon the irritating ability of DMBA are shown in
Table 5. The data obtained with dimethyl sulfoxide and hexa-
decane as solvents are comparable with those obtained with
sesame oil. With saline and Tween the toxicity was slightly re
duced.
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TABLE 3
Effect of DMBA"- bon White Blood Cells and Bone Marrow Cellularity

StrainAKR

maleC57BL/6

maleDay

after
injectionControl510Control510LymphocytesMean(10*

/cumm)4.8

Â±1.53.7
Â±0.95.2
Â±1.26.7

Â±1.61.4
Â±0.50.7
Â±0.6"/,

Normalcount100771081002110PolymorphsMean(lO'/cu
mm)3.5

Â±1.72.3
Â±2.01.9
Â±1.31.9

Â±0.61.4
Â±0.43.1
Â±1.3%

Normalcount100665410073163Marrow
count

(X 10Â«cells)35.1

Â±3.428,
32,3230,
30,2948.0

Â±5.931,36,3321,

22, 24

0 DMBA, 7,12-dimethylbenz[a]anthracene.
61.5 mg in 0.1 ml of sesame oil i.p. per mouse. The marrow counts on Days 5 and 10 were done on

3 mice. The other groups consisted of 10 mice.

TABLE 4
Effect of DMBA" in AKR and C57BL/6 Female Mice

StrainAKR

femaleC57BL/6

femaleDay

after
injec

tion10510201051020DMBA6(mg/mouse)Control1.51.51.5Control1.51.51.5Mor
tality0/100/100/100/100/100/108/1010/10Av.

initial
body wt.(gm)19.7

Â±2.819.7
Â±0.819.8
Â±0.819.9
Â±0.619.0

Â±0.419.3
Â±1.819.6
Â±1.419.7
Â±1.3Body

wt.
change
(gm)+0.2-1.9-1.1-5.7-0.4-1.2-0.2Av.

spleen
wt.(mg)86

Â±1642
Â±741
Â±548
Â±1089

Â±1320
Â±410,8Av.

thymus
wt.(mg)91

Â±2589
Â±16106
Â±2337
Â±1370

Â±426
Â±8<15Av.

ascites
(gm)000001.6

Â±0.31.5,
1.9

0 DMBA, 7,12-dimethylbenz[a]anthracene.
1DMBA dissolved in 0.1 ml of sesame oil was administered i.p. Controls received 0.2 ml of sesame

oil.

TABLE 5
Effect of Various Solvents on the Toxicity of Intraperitoneally Applied DMBA" (Autopsy 20 Days after Injection)

StrainAKR

maleC57BL/6

maleVehicleDMSOra-HexadecaneSaline

(+ Tween80)DMSOn-HexadecaneSaline

(+ Tween 80)DMBA(mg/20

gm body
wt.)V1.5'01.5e0l.S"01.501.501.5Mortality0/53/100/51/100/50/100/510/100/58/100/54/10Av.

initial
body wt.

(gm)21.5

Â±0.621.4
Â±1.123.3
Â±0.622.2
Â±1.424.1
Â±0.922.0
Â±2.021.3

Â±1.021.5
Â±1.123.6
Â±0.622.7
Â±0.723.4
Â±0.522.9
Â±1.3Body

wt.
change
(gm)+2.7-5.5+1.4-3.10-3.3+2.0-0.1+0.7-0.3+2.0Av.

spleen wt.
(mg)69

Â±635
Â±1095
Â±661
Â±1370
Â±1037
Â±1190

Â±6154

Â±525,46100

Â±1835
Â±24Av.

thymus wt.
(mg)98

Â±1444
Â±1973
Â±1242
Â±1549
Â±343
Â±2065

Â±440

Â±722,3857

Â±2128
Â±19Av.

ascites
(gm)0000.5

Â±0.200005.5,4.903.0

Â±1.9

" DMBA, 7,12-dimethylbenz[a]anthracene; DMSO, dimethyl sulfoxide.
6Controls received 0.1 ml of the respective vehicle.
' 1.5 mg dissolved in 0.1 ml.
d1.5 mg/0.1 ml of saline. One drop of Tween 80 was added to the total volume of 15 ml.
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DISCUSSION

The responses of several commonly used inbred mouse strains
to DMBA inoculated i.p. indicate that the strains fall into 2
major groups. The C57I3L/6, C58, A/He, C3H/He mice (Table
2) were much affected by DMBA whereas the DBA/2 and es
pecially the AKR mice (Table 1) showed little response.

The pathologic picture was qualitatively similar in all the
strains but quantitatively they differed greatly. The local toxicity
was expressed by symptoms of peritoneal inflammation, whereas
systemic effects were mainly reflected by changes in spleen
weight, thymus weight, and blood count.

Basically the pathologic findings were the same as those ob
served by Shubik and Della Porta (11) in Swiss mice treated with
large i.p. doses of DMBA. All 5 mice treated with 25 mg DMBA/
mouse in olive oil died on the 5th day after injection. Character
istic changes occurred in the spleen, lymph nodes, bone marrow,
testes, intestinal mucosa, and blood.

The special sensitivity of the skin of C57BL mice to irritants
has long been known (1, 5, 8, 12). The present study shows that
the C57BL/6 mouse is equally sensitive to i.p. application of
DMBA. Shimkin (9) re]>orted the development of skin ulcÃ©ration
in A mice following s.c. administration of methylcholanthrene.
In the present study A mice showed a high degree of sensitivity
to DMBA.

Stamer (13) and Shubik and Della Porta (11) found after
patenterai application of large doses of DMBA in Swiss mice a
degree of leukopenia consistent with the results obtained in the
present study in C57BL/6 mice. The lower sensitivity of the
AKR mice was reflected in smaller pathologic changes of the
blood and marrow counts.

No correlation exists between the incidence of spontaneous
tumors in a mouse strain (6, 10) and i.p. sensitivity to DMBA as
shown herein. At present it is not known whether the differential
sensitivity to DMBA is because of a difference in hormonal
stimulation or of a difference of the target cells. The same ques
tion remains unanswered for most genetic differences in sjxmtan-
eous tumor incidence.

The incidence of tumors induced with minimal effective doses
of cancerigenic hydrocarbons has been found to differ in male
and female mice (7), but not if larger doses were used (4, 14).
The authors observed (unpublished report) that a single s.c.
injection of 15 jig/mouse of DMBA in 0.2 ml of sesame oil caused
formation of tumors in all 30 injected C57BL/6 mice. In view of
these results the dose of 1.5 mg used in the present study was so
large that no sex difference was apparent.

Objections to the use of natural oils (sesame oil, etc.) as ve
hicles for cancerigenic hydrocarbons because of their variable
and complex comixjsition have been repeatedly expressed in the
literature (2, 3, 7, 9). Under the conditions of the present study
sesame oil was as effective a vehicle as the chemically defined

solvents, hexadecane and diiuothyl sulfoxide. Saline with Tween
proved to be slightly less effective, probably because DMBA is a
suspension in this vehicle, whereas it is soluble in the other
vehicles.

Differential toxicity studies in various inbred mouse strains
appear to offer an approach to better knowledge of physiologic
factors in cancerigenesis.
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