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SUMMARY

Forty-one food additives and 20 chemotherapeutic agents
were examined for their ability to induce primary lung tumors
in A mice. The animals received i.p. injections of each
compound for 8 weeks and were killed at 24 weeks after the
first injection. With some of the more toxic compounds, fewer
injections were administered. Two or three dose levels were
used for each chemical.

Cinnamyl anthranilate was the only positive of the 41 food
additives tested. Safro le and sodium saccharin were negative
for pulmonary tumor response under the conditions used.

Of the 20 chemotherapeutic agents, including alkylating
chemicals, 12 were found to be positive in inducing pulmonary
tumors. Uracil mustard was the most active compound.
Myleran was inactive at the dose levels used.

INTRODUCTION

The testing of chemicals in the human environment for
carcinogenic activity is an important practical aspect of studies
in chemical carcinogenesis. With the steadily increasing
chemical burden of the environment, there is urgent need to
develop bioassay systems that are more rapid and reproducible
than many of the long-term and expensive animal test systems
now being used. Much effort is being expended toward the
development of suitable in vitro bioassay systems but, at
present, there is no in vitro system adequate to assess the
carcinogenicity of a broad variety of environmental chemicals.
Quantitative estimation of carcinogenicity still depends in
large part on the induction of some reproducible neoplastic
response in an animal test system.

In the present study, the A mouse pulmonary tumor system
developed by Andervont and Shimkin (2) in 1940 was used for
the testing of a series of food additives (11) and chemothera
peutic agents for carcinogenic activity as measured by an
increased occurrence of pulmonary tumors. The food additives
were selected from the GRAS (generally recognized as safe for
human consumption) list either randomly or because they
contained double bonds, keto groups, several methoxy groups
on a benzene ring, or other structures similar to those of

known carcinogens. Among the drugs are several that have
been used for the treatment of leukemia, lymphomas, or other
neoplastic diseases. Three of these compounds, uracil mustard,
Myleran, and thio-TEPA,2 were tested previously in this

system (15). In addition, the bioassay has been applied to the
testing of poly cyclic hydrocarbons (2), azo dyes (2), alkylating
agents (8, 13,15), carbamates (17), and aflatoxin B, (21). The
characteristic features of the system have already been
discussed extensively by Shimkin et al. (13-17).

MATERIALS AND METHODS

Animals. Male and female A/He mice were purchased from
the Institute for Cancer Research, Philadelphia, or obtained
from the National Cancer Institute. The mice, 6 to 8 weeks old
and weighing an average of 18 to 20 g, were randomly
distributed among experimental and control groups. The
animals were housed in groups of 5 in plastic boxes.
Commercial grade sawdust chips were used for bedding. Purina
laboratory chow and water were available ad libitum. Hygienic
conditions were maintained by twice weekly changes of the
animal cages and water bottles and weekly disinfection of the
animal quarters. The water bottles were routinely sterilized.
All chemicals tested were stored and prepared for injection in
separate rooms at a distance from the animals.

Chemicals. The compounds, their structural formulas,
molecular weights, source, and lot or code numbers are listed
in Table 1. As indicated, the food additives were obtained by
purchase from various chemical supply houses. They ranged in
purity from 85 to 99%, with the majority at 95 to 99%.
Seventeen of the 20 clinical drugs were made available by Dr.
Harry B. Wood, Jr., of the Cancer Chemotherapy National
Service Center, Bethesda, Md. Dibenzyline, phenazopyridine,
and tolbutamide were obtained from the manufacturers
indicated in the table. Urethan (m.p., 50Â°)was obtained from

Matheson, Coleman and Bell, Los Angeles, Calif.
The food additives were routinely stored at 4Â°.Solutions of

these compounds were prepared fresh weekly for injection.
The more reactive chemotherapeutic compounds were stored
at â€”¿�20Â°,and solutions were freshly prepared immediately

before injection. All chemicals were stored in the dark, and

'This research was supported by Contract 70-2206 from the

National Cancer Institute.
Received June 1, 1973Â¡accepted August 23, 1973.

2The abbreviations used are: thio-TEPA, N,N',N"-triethyIenethio-

phosphoramide; SSV, steroid suspending vehicle; MTD, maximally
tolerated single dose.
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prolonged exposure to the light was avoided as much as
possible.

With sterile technique, the chemicals were injected i.p. as
0.1 ml/dose of solutions in water or in tricaprylin, or as a
suspension in SSV composed of an aqueous solution of sodium
chloride, 0.9%; polysorbate-80, 0.4%; carboxymethyl cellu
lose, 0.5%; and benzyl alcohol, 0.9%. The tricaprylin was
purchased from Eastman. The initial batch of tricaprylin (Lot
2097) was toxic; vehicle control animals lost 3 to 4 g during
the 1st week of tricaprylin administration and approximately
20% died. A more purified tricaprylin was then obtained from
Eastman (Lot X2097); it was not toxic. The SSV was made
available by Dr. D. Jane Taylor of the Endocrine Evaluation
Branch, National Cancer Institute, Bethesda, Md. All doses of
the food additives and chemotherapeutic compounds were
calculated on the basis of g/kg body weight.

Preliminary Toxicology. For each chemical under test, an
MTD was determined. Serial 2-fold dilutions of the chemical
were injected into groups of 5 mice. The MTD for that
chemical was the maximum single dose that all 5 mice
tolerated after receiving 6 i.p. injections over a 2-week period.
For evidence of delayed toxicity, particularly as occurred with
the chemotherapeutic compounds, animals receiving 6 doses of
the MTD were held for 1 to 2 months before experimental
groups were initiated.

Bioassays. With the preliminary toxicology as a guide,
experimental groups were started for each chemical. For the
food additives, 2 dose levels were used, the MTD and a 1:5
dilution of the MTD. In early tests 20 or 30 female mice were
used per dose level, and in later experiments 15 males and 15
females were used per dose. For the chemotherapeutic agents,
3 dose levels were used, the MTD and a 1:2 and 1:5 dilution of
the MTD, with 10 males and 10 females per dose. The animals
were weighed every 2 weeks during the injection period and at
monthly intervals thereafter.

Generally, each chemical was injected i.p. 3 times weekly
for a total of 24 doses. Fewer injections of the more toxic
compounds were administered when, in the course of the
injection period, it became apparent that the animals would
not tolerate the full 24-injection regimen.

Two series of base-line controls were maintained during the
experimental period. One consisted of untreated mice killed
along with the treated animals to determine the incidence of
spontaneous pulmonary tumors. The other controls received
injections of water, tricaprylin, or SSV.

Positive control groups consisting of animals treated with 2
dose levels of urethan (5 or 20 mg/mouse) were also
maintained to ensure that the tumor response was comparable
to that observed in previous studies with A mice (16, 17,20).

The experiments were terminated 24 weeks after the 1st
injection. Treated and control animals were killed by cervical
dislocation, and their lungs were removed and fixed in
Tellyesniczky's fluid. Three to 4 days after fixation, the milky

white nodules on the lung surface were counted and some
were taken for histopathological examination. The lungs were
also examined grossly and microscopically for the presence of
other abnormalities, such as inflammatory reactions and
adenomatosis.

Liver, kidney, spleen, thymus, intestine, and salivary and
endocrine glands were examined at autopsy for the presence of
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abnormalities. Suspicious tissues were examined as to type and
cataloged with respect to incidence.

Evaluation of the Data. Tumor incidences in treated versus
the appropriate vehicle control animals were compared by the
standard x2 test to determine whether each compound was

positive. In addition, the method of Zweifel (22), previously
applied to pulmonary tumor data by Shimkin et al. (15), was
used to express the relative potency of the more reactive
compounds.

RESULTS

Pulmonary Tumors in Untreated, Vehicle and Urethan-
treated A/He Mice. Table 2 presents data on the occurrence of
pulmonary tumors in A/He mice of both sexes that received
either no treatment, 24 thrice weekly injections of the vehicles
used for the food additives and chemotherapeutic compounds,
water, SSV and tricaprylin (2097 and X2097), or a single i.p.
injection of urethan (10 or 20 mg/mouse). Since only female
mice were used in early experiments with the impure lot of
tricaprylin (2097), vehicle data were obtained also from
females only. Data are given on the tumor response of mice

that received only 6 or 12 i.p. injections of SSV, to permit
comparison with the tumor response of animals that received
fewer than 24 injections of the chemotherapeutic compounds.
Untreated, vehicle-treated, and urethan-treated mice, kept in
parallel with the experimental groups, were killed at 24 weeks
after the initiation of the experiments.

Data on untreated animals represent the "spontaneous"
'ung tumor incidence in A/He mice and are in close accord

Â«vithearlier data on mice of equivalent age (15, 16,20). As in
these earlier studies, males have a slightly higher tumor
incidence than females (0.22 versus 0.17 tumor/mouse). The
conclusion reached in the literature is that there is no
important sex difference in tumor incidence; however, the
consistently higher response in males indicates that the
difference is real and is due to some unknown sex-linked
factors.

Results obtained with the vehicle controls show that the
occurrence of lung tumors was not affected significantly by
the injections. There were slight increases in tumor incidence
among most vehicle controls, and a considerably higher
incidence (mean tumor value, 0.59/mouse) in tricaprylin
2097-treated animals, but these were not statistically signifi-

Table 2
Pulmonary tumors in untreated, vehicle-treated and urethan-treated A/He mice

A/He mice were either untreated or received 0.1-ml i.p. injections of water, tricaprylin (2097
and X2097) and SSV, or the positive carcinogen, urethan. The animals were killed after a total
of 24 weeks and their lungs were removed and placed in Tellyesniczky's fluid. After fixation,

the surface tumors were counted; the data are expressed as mean number of tumors per mouse.

TreatmentUntreatedVehicleWaterDurationof

ex
periment(wk)2424No.

ofi.p.
in-injections024SexMFMFSurvivors/initial46/5048/5030/3028/30Mice

withlungtumors(%)22172737No.
oftumors/

mouse0.22

Â±0.03a0.17

Â±0.020.27

Â±0.050.37
Â±0.07

Tricaprylin
2097Tricaprylin

X2097SSVSSVSSVUrethan

10mg20

mg2424242424242424242412611FMFMFMFMFMFMF22/2577/80

77/8028/30

30/3028/30

30/3026/30

26/3020/20

20/2020/20

19/2045282026

2322

2019

18100

100100

1000.59

Â±0.130.24

Â±0.03
0.20 Â±0.020.25

Â±0.05
0.23 Â±0.040.22

Â±0.04
0.19Â±0.040.23

Â±0.04
0.17 Â±0.0410.5

* 2.30
9.1 Â±2.2821.8

Â±4.48
19.6 Â±4.20

a Mean Â±S.E.
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cant. Mice given injections of redistilled tricaprylin had a
tumor incidence considerably closer to that of the untreated
controls than did those that received tricaprylin 2097. With the
exception of water control groups, male mice had slightly
higher mean tumor values than females, but the differences
were not statistically significant.

Urethan served as the positive control in these experiments.
As shown in Table 2, the tumor response to urethan was dose
related with the production of nearly 1 tumor/mg. This
iesponse is almost identical to that reported in earlier studies
(16,20) of similar duration.

PulmonaryTumorsin MiceReceivingFood Additives.Table
3 summarizes data on bioassays of the 41 food additives in
A/He mice. Vehicles used in these experiments were either
water or the 2 grades of tricaprylin (2097 and X2097). Due to
Pseudomonas infection, groups receiving acetoin, a-terpineol,
phenylethyl acetate, and saccharin were terminated before 24
weeks. More rigidly controlled hygienic conditions prevented
further outbreaks of Pseudomonas. Mortality during the
injection series resulted in several groups receiving fewer than
24 injections; in these instances, attempts were made to lower
the dose to complete the injections but persistent mortality
necessitated early termination.

Dose levels, given in g/kg mouse, were based on the results
of preliminary toxicity studies. The food additives varied in
toxicity from an MTD of 50 mg/kg for piperidine to 3250
mg/kg for saccharin, with most chemicals in the 250- to
500-mg/kg range. Mice are classified by the number of
survivors with nodules. The data are also expressed as the
mean number of nodules and their distribution in the groups.

As indicated in Table 2, vehicle control data were not
appreciably different for the 2 sexes. Therefore, the control
data for males and females were combined and compared by
the x2 test to mean tumor values obtained from the treated

groups.
In the 1st experiments (Table 3, Series 1), 3 food additives,

cinnamyl anthranilate, diacetyl, and a-irone, yielded an
increase in lung tumors as compared with controls. These 3
compounds were therefore reassayed; redistilled tricaprylin
was used for cinnamyl anthranilate and a-irone. On repeat test
(Series 2), the suspected activity of diacetyl and a-irone was
not repeatable. Cinnamyl anthranilate, however, again pro
duced a significant increase in lung tumors and was therefore
accepted as validly positive.

Mean tumor values obtained with several food additives
such as phenylethyl acetate, nerolin.and 3-ethoxy-4-hydroxy-
benzaldehyde were significantly (p<0.05) lower than those
for vehicle controls. At this time, the significance of these
results is unknown.

Pulmonary Tumors in Mice Receiving Chemotherapeutic
Drugs. Table 4 presents data obtained from bioassays of 20
chemotherapeutic agents. Since studies with the food additives
indicated that the tumor responses of males and females were
not significantly different, combined data for the sexes are
given. Vehicles used in these experiments were SSV, redistilled
tricaprylin, or water. All experiments were for 24 weeks. Due
to high animal mortality, several groups received 12 injections
or less. Considerable difficulty was encountered in administer
ing these compounds because the mice often died as long as 2
to 3 weeks after receiving a few injections. The delayed

mortality was attributed to bacterial infection due to a
suppressed immune response as indicated by diminished
leukocyte counts. These results were not unexpected in view
of the well-recognized immunosuppressive effects of chemo
therapeutic drugs.

The chemotherapeutic agents differed markedly in toxicity.
MTD values ranged from less than 10 mg/kg for 5-azacy-

tidine, uracil mustard, thio-TEPA, and emetine to as high as
2000 mg/kg for tolbutamide. Several compounds had MTD's

of less than 50 mg/kg or higher than 200 mg/kg, with only a
few in the 50- to 200-mg/kg range.

Twelve of the 20 drugs were carcinogenic in this system.
Uracil mustard, estradiol mustard, isophosphamide, and
phenesterin were active at all dose levels; thio-TEPA at the
high and the middle dose; imidazole mustard, pyrimethamine,
and 5-azacytidine at the higher dose; and 0-deoxythio-
guanosine, dapsone, dibenzyline, and l-propanol-3,3'-iminodi-

methanesulfonate hydrochloride at the middle dose. An
obvious dose-response relationship was elicited with uracil
mustard, estradiol mustard, phenesterin, and isophosphamide.

Acronycine, adriamycin, emetine, ICRF-159, Myleran,
phenazopyridine, phenformin, and tolbutamide did not induce
a pulmonary tumor response at the dose levels used.
Adriamycin was very toxic; only 1 injection was given because
repeated inoculations of a lower dose gave rise to a higher
mortality than did the single injection.

On a molar basis, the most active carcinogens were
alkylating agents. Uracil mustard was the strongest, with less
than 8.0 /Â¿mole/kgdose being sufficient to produce an average
of 1 lung tumor per mouse. It was approximately 25 times as
active as estradiol mustard and 720 times more potent than
imidazole mustard. Although tricaprylin served as the vehicle
for uracil and estradiol mustards, imidazole mustard was
administered in SSV which may have affected its activity.

Relative Potency of ChemotherapeuticCompounds. In an
earlier study with alkylating agents in A mice, Shimkin et al.
(15) reported that increases in tumor value in treated animals
at a significant level above that in untreated or vehicle controls
constituted a positive pulmonary-tumor response. They also
found that the relationship between the logarithm of the
number of lung tumors and the logarithm of the dose could
be represented by a straight line. With this relationship, they
were able to compare the activity of the alkylating agents
based on the log-dose necessary to elicit 1 tumor/mouse.

Applying this technique for a comparison of the activity of
the chemotherapeutic drugs and, with the selection of a mean
tumor value of 0.7/mouse as indicative of carcinogenicity, 12
compounds were positive with uracil mustard being the most
active and dapsone the least (Table 5). All other compounds
were negative under the conditions of the experiment and at
the dose levels used. For 0-deoxythioguanosine, dapsone,
dibenzyline, and l-propanol-3,3-iminodimethanesulfonate
hydrochloride, compounds active at the middle but not the
high dose, positive responses were determined from middle
and low dose data only. Positive responses are definitive, but
negative responses must be interpreted without extrapolation
beyond the conditions of the experiment. For compounds
active at the middle but not at the high dose, the data are
more difficult to interpret.

Other Neoplastia Responses Recorded during Bioassays.A
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Table 3
Pulmonary tumor response of A/He mice to food additives

A/He mice given i.p. injections of food additives, each dissolved in 0.1 ml water or tricaprylin, 3 times a week for a maximum of 8 weeks. Two
dose levels were used. Control groups received 0.1 ml water or tricaprylin alone or they were untreated. With a few exceptions, the animals were
killed after a total of 24 weeks. After fixation of the lungs in Tellyesniczky's fluid, the surface tumors were counted. Response in the treated mice
were compared by the x2 test to those in the appropriate vehicle controls.

No.1234567891011121314CompoundAcetoinAldehyde

C,â€ž¿�Aldehyde

C,6n-Amyl

alcoholAnetholeButylated

hydroxy-anisoleButylatedhydroxytoluened-Camphord-Carvone/-CarvoneCineoleCinnamyl

alcoholCinnamyl

aldehydeCinnamylanthranilateDuration

Total
of ex- No. of dose

pÃ©riment i.p. in- (g/kg
Vehicle (wk) jectionsmouse)Wa

22 2060.0012.00T

2097 24 172.150.45T

2097 24 172.150.45T

24 246.001.20T

2097 24 2412.002.40T

24 246.006.001.201.20T

24 246.006.001.201.20T

24 2418.0018.003.603.60T

2097 24 246.001.20T

2097 24 246.001.20T

24 2412.0012.002.402.40T

2097 24 147.007.001.401.40T

2097 24 164.004.000.800.80T

2097 24 2412.00Series
1 24 24 12.00SexFFFFFFFFFFMFMFMFMFMFMFFFFFMFMFMFMFMFMFMFSurvivors/

initial18/2013/2024/3022/3026/3020/3030/3029/3014/2015/2015/1515/1515/1515/1513/1515/1515/1515/1511/1514/1514/1514/1516/2017/2013/2011/2015/1515/1515/1515/1510/1510/1515/1514/159/1511/1514/1515/1513/1515/15No.

of
mice
with
lung

tumors647686336534343334021252114433457363141110No.

of
lung

tumors/
mouse0.44

Â±0.1060.30Â±
0.070.38

Â±0.080.27
Â±0.060.38

Â±0.080.35
Â±0.060.1

3 Â±0.020.10
Â±0.120.86

Â±0.230.53
Â±0.140.33

Â±0.090.33
Â±0.090.20
Â±0.050.27
Â±0.070.31

Â±0.080.20
Â±0.050.20
Â±0.050.27
Â±0.070.00

Â±0.000.21
Â±0.060.07
Â±0.020.14Â±

0.090.44

Â±0.110.12
Â±0.030.08

Â±0.020.09
Â±0.030.27

Â±0.070.27
Â±0.070.20
Â±0.050.20
t0.050.40

Â±0.130.70
Â±0.220.67
Â±0.170.29
Â±0.080.89

Â±0.290.27
Â±0.080.07
Â±0.020.47
Â±0.122.69

Â±0.75C2.14
Â±0.70CNo.

of mice accord
ing to the no. of lung

tumors/mouse15456632333223423340112421144334342531214200202210010200100001000000000002310001443-510000000311000000000001000000000001001516-100000000000000000000000000000000000000011

" W, water; T, tricaprylin; T 2097, impure tricaprylin.
6 Mean + S.E.
cp< 0.05.
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Table ^-Continued

No.151617181920212223242526dP<eP<Duration

of ex
perimentCompound

Vehicle(wk)T

24Series
2Diacetyl

W24Series
1W

24Series
21

-Dodecanol T243-Ethoxy-4-hydroxy-

T 209724benzaldehydeEthyl

acetate T24Ethyl

formate T24a-Irone

T 209724Series
1T

24Series
2<f-Limonene

T24Linalool

T24Linalyl

acetate T24Menthol

T 209724Menthone

T 209724Methyl

anthranilate T240.01.0.001.TotalNo.

of dose
i.p. in-(g/kgjections

mouse)2.402.4024

12.0012.002.402.4024

8.401.7024

8.408.401.701.7024

12.0012.002.402.4024

1.800.3524

18.0018.003.603.6024

12.0012.002.402.4024

9.609.601.951.9524

9.609.601.951.9524

24.0024.004.804.8024

3.003.000.600.6024

24.004.8020

2.000.5019

4.751.9024

11.202.25SexMFMFMFFFMFMFMFMFFFMFMFMFMFMFMFMFMFMFMFMFMFFFFFFFFFSurvivors/initial15/1515/1515/1513/1515/1513/1519/2019/2015/1515/1515/1514/1515/1515/1515/1513/1510/2012/2015/1513/1514/1513/1513/1514/1514/1515/1514/1511/159/1514/1515/1515/1514/1515/1515/1513/1515/1515/159/1511/1511/159/1526/3024/3017/3021/3011/2016/2019/2018/20No.

of
mice
with

lungtumors1071477613866800223104311352186612352432122311445104853No.

of
lung

tumors/mouse1.13Â±

0.291.50
Â±0.371.

40 Â±0.36e0.85
Â±0.23d0.47
Â±0.120.54Â±0.15C2.00

Â±0.46e0.89
Â±0.210.40

Â±0.100.53
Â±0.140.53
Â±0.140.00
Â±0.000.00

Â±0.000.1
3 Â±0.030.1
3Â±0.030.23

Â±0.060.10+

0.030.00
Â±0.000.33

Â±0.090.23
Â±0.060.07
Â±0.020.08
Â±0.020.23

+0.060.36
Â±0.090.1

3 Â±0.040.07
+0.021.71

Â±0.46e0.91
Â±0.271.00
Â±0.331.57
+0.42Â°0.27

Â±0.070.33
Â±0.080.14
Â±0.040.33
Â±0.080.27

+0.070.15
Â±0.430.13+

0.030.20
+0.050.22

+0.070.27
Â±0.080.09
Â±0.030.11
Â±0.040.19

Â±0.040.17
Â±0.030.29

+0.070.62
+0.140.82

Â±0.250.50+
0.130.32

Â±0.070.22
Â±0.06No.

of mice accord
ing to the no. of lung

tumors/mouse1421057542648002231033113521234725232201231134S828422542101240200000000100000004213100110110000100100113-5112100620000000000000000001111000000000000000120006-1000000010000000000000000000100100000000000000000000
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Table ^-Continued

No.272829303131333435363738394041Duration

of ex
periment

Compound Vehicle(wk)Methyl

salicylate T24Monosodium

glutamate W24Nerolin

T24Octyl

alcohol T24Phenylethyl

acetate T 209720Piperidine

T24Propyl

gallate T24Saccharin

W21Safrole

T24Santoquin

T24a-Terpineol

T20(3-Terpineol

T24Thymol

T24Tributyrin

W24Vanillin

T 24Total

No. of dose
i.p. in- (g/kg

jectionsmouse)24

12.0012.002.402.4024

36.006.0024

12.0012.002.402.4024

12.0012.002.402.4024

6.001.2019

0.950.9524

2.402.400.600.6024

78.0015.6012

4.504.500.900.9024

12.0012.002.402.4024

9.601.9024

9.601.9024

6.006.001.201.2024

60.0060.0012.0012.0024

18.0018.003.603.60SexMFMFFFMFMFMFMFFFMFMFMFFFMFMFMFMFFFFFMFMFMFMFMFMFSurvivors/

initial12/1513/1513/1514/1529/3026/3014/1512/1515/1514/1514/1513/1513/1514/1517/2013/2017/2014/2012/1514/1510/157/1515/2015/2010/1510/1514/1513/1515/1515/1514/1515/1515/2018/2017/2018/2015/1515/1515/1514/1513/1512/1511/1513/1513/1514/1513/1515/15No.

of
mice
with
lung

tumors152189340423140122301184122414331354225343250214No.

of
lung

tumors/
mouse0.08

Â±0.020.39
Â±0.110.15
Â±0.040.07
Â±0.020.38

Â±0.070.50
Â±0.100.21

Â±0.060.42
Â±0.120.00
Â±0.000.36
Â±0.100.21

Â±0.060.1
3 Â±0.060.08

Â±0.020.36
Â±0.100.00

Â±0.000.08
Â±0.020.12

Â±0.030.29
Â±0.080.25

Â±0.070.00
Â±0.000.11

Â±0.030.14Â±
0.050.67

Â±0.170.27
Â±0.070.10

Â±0.030.30
Â±0.100.14Â±

0.040.31
Â±0.090.07

Â±0.020.27
Â±0.070.21
Â±0.060.27
Â±0.070.07

Â±0.020.17
Â±0.040.35

Â±0.090.33
Â±0.080.13

Â±0.040.13
Â±0.040.40

Â±0.110.21
Â±0.060.38

Â±0.110.23
Â±0.070.23
Â±0.070.91
Â±0.220.00

Â±0.000.21
Â±0.060.08
Â±0.020.27
Â±0.07No.

of mice accord
ing to the no. of lung

tumors/mouse11521563303131301203011641124143213422243331201142000032010110010002000020010000010012001010110I003-5

6-10000001000000000000000000000000000000000000020000000000000000000000000000000000000000000000000000
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Table 4
Pulmonary tumor response of A/He mice to chemotherapeutic agents

Chemotherapeutic compounds dissolved in 0.1 ml water or tricaprylin or in SSV, were injected i.p. into A/He mice. Three dose levels were used
for each compound. Control groups received 0.1 ml water, tricaprylin, or SSV alone, or they were untreated. The animals were killed after 24
weeks. After fixation of the lungs in Tellyesniczky's fluid, the surface tumors were counted. Tumor responses in the treated mice were compared
by the x3 test to those in the appropriate vehicle controls.

No.4243444546474849SO5152535455CompoundAcronycineAdriamycin5-Azacytidine0-Deoxythio-guanosineDapsoneDibenzylineEmetineEstradiolmustardImidazolemustardIsophosphamide1CRF-159MyleranPhenazopyridinePhenesterinDuration

of ex- No. of
pÃ©riment i.p. in-

Vehicle (wks)jectionsSSV

24555SSV

24111SSV

24242424SSV

24888SSV

24121212T1

24444SSV

24212424T

2481212SSV

24444W

2452424SSV

24444SSV

24242424SSV

24242424SSV

24 242424Total

dose
(g/kg

mouse)2.6001.3000.5300.0370.0180.0070.0900.0620.0330.3500.1750.0702.6251.3120.5250.2000.1000.0400.1850.1000.0401.6001.2000.4801.5000.7500.3001.3001.1250.4505.0002.5001.0006.0003.0001.2001.5500.7750.31012.0006.0002.400Survivors/initial17/2019/2020/201/2016/2018/2011/2015/2019/204/2014/2020/2013/2015/2017/207/2014/2020/2016/2018/2019/2019/2019/2015/2013/2017/2016/2012/2017/2020/206/2017/2018/2017/2016/2018/2018/2018/2020/2019/2019/2018/20No.

of
mice
with
lung

tumors55404365821094763996361919111182101312164314636191611No.

of
lung

tumors/
mouse0.29

Â±0.07Â°0.26
Â±0.060.20
Â±0.040.00

Â±0.000.38
Â±0.090.17+0.040.73

Â±0.2260.40
Â±0.100.42
+0.090.50

+0.251.00
Â±0.27C0.45
Â±0.100.38

Â±0.110.87
Â±0.20b0.35
Â±0.090.71

Â±0.270.79
Â±0.21Â°0.45
Â±0.100.50+

0.130.17
Â±0.040.37
Â±0.094.95+

1.13C3.63
Â±0.83C2.80
Â±0.72C1.00Â±

0.27C0.59
Â±0.140.19

Â±0.051.83

Â±0.53C1.12Â±0.2761.25

Â±0.28C0.33+

0.140.53
Â±0.130.33
Â±0.080.30

Â±0.070.05
Â±0.020.28
Â±0.060.50

Â±0.120.22
+0.050.40
Â±0.093.90+

0.91C1.84Â±
0.42C1.50

Â±0.35Â°No.

No15540234482793361794352239614104043113325251of
mice according to the

. of lungtumors/mouse20000202100201302202013222214241102013104593-5000000000010010000000611100031401100000110606-10000000000000000000000845000000000000000201>

10000000000000000000000000000000000000000100

0 Mean Â±S.E.
bp<0.05.
cp< 0.001.
d T. purified tricaprylin; W, water; SSV, steroid suspending vehicle.
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Table 4-Continued

No.565758596061CompoundVehiclePhenformin

Wl-Propanol-3,3'

WiminodimethanesulfonatehydrochloridePyrimethamine

TThio-TEPA

TTolbutamide

SSVUracil

mustard TDuration

of ex- No. of
pÃ©riment i.p. in-

(wks)jections24

24242424

7242424

55524

12121224

24242424

777Total

dose
(g/kg

mouse)1.5000.7500.3001.3001.1000.5200.1250.0620.0250.0940.0470.01948.00024.0009.6000.0400.0200.008Survivors/initial19/2019/2020/2015/2012/2019/209/209/2018/2020/2019/2020/2020/2018/2018/2015/2018/2019/20No.

ofmice

with
lung

tumors5710389544162011845151819No.

of
lung

tumors/
mouse0.26

Â±0.060.53
Â±0.110.50

Â±0.110.27

Â±0.071.00Â±
0.28b0.53
Â±0.120.78

Â±0.2660.67
Â±0.220.28
Â±0.071.50

Â±0.33C0.74
Â±0.17b0.70
Â±0.160.45

Â±0.400.28
Â±0.060.33

Â±0.1523.00

Â±5.20C12.22+
2.93e3.70

Â±0.97CNo.

of mice according to the
No. of lungtumors/mouse1551026842366873400020101110216431110083-50100101004000000286-10000000000000000143>

1000000000000000014120

Table 5
Comparative carcinogenic activity ofchemotherapeutic agents

Carcinogenic activity of the chemotherapeutic agents are compared by determining the dose
of each compound required to produce an average of 0.7 tumor/mouse.

No.6159494758444551575550464348545642525360CompoundNameUracil

mustardThio-TEPAEstradici

mustardDibenzylinePyrimethamine5-Azacy

ridine0-DeoxythioguanosineIsophosphamidel-Propanol-3,3'-imino-d

imethanesulfonatePhenesterinImidazole

mustardDapsoneAdriamycinEmetinePhenazopyridinePhenforminAcronycineICRF-159MyleranTolbutamideTotal

dose for
+ response0

or highestdosefor
- response

Response(Â¿imole/kg)+

5+
100+
125+
234+
316+
360+
457+
1,000+
2,399+

2,512+
3,631+

3,981(66)(385)(6,200)(7,317)(8,099)(18,660)(31,250)(177,580)Relative

potency
(10,000/positive
responsedose)20001008043322822104.242.82.5

1Positive response with dose producing 0.7 tumor/mouse.
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number of neoplasms other than lung tumors were seen in
control and in experimental groups among the total of over
4000 mice used in these experiments. These included 8
lymphomas, 3 thymomas, 4 salivary gland carcinomas, and 2
hepatomas. No other tumors were observed during the
24-week test. Six of the lymphomas appeared in mice that
received chemotherapeutic drugs and may have developed due
to inhibition of the immune mechanisms. However, in no
group did the number reach statistical significance. All other
tumors appeared to be evenly distributed among control and
treated animals. They are considered to be "spontaneous" or
the background neoplastic "noise" in this species and strain of

animals.

DISCUSSION

The consistency of the A mouse pulmonary tumor system
for carcinogenesis bioassays is again reflected in this study.
The occurrence of "spontaneous" lung tumors and the

response to the reference carcinogen urethan is in close accord
with observations reported over the last 33 years (2, 15â€”17,
20).

At the outset of these experiments, it soon became apparent
that tricaprylin 2097 was an unsuitable vehicle for bioassays
for the following reasons: (a) the mice lost an average of 3 to 4
g within 3 to 7 days after a single i.p. injection of 0.1 ml. This
undoubtedly reduced the amount of test material that could
be administered; (b) approximately 20% of the animals died
after 12 injections of the vehicle; (c) the mean tumor value of
0.59/mouse was considerably higher than expected from
earlier reports (15, 17). Fortunately, redistillation of the
tricaprylin yielded a product that was acceptable for these
studies.

Of the 41 food additives tested, cinnamyl anthranilate was
the only one considered to be carcinogenic. The anthranilic
acid structure may be suspect as the source of activity because
of the reported induction of bladder tumors in mice by
analogs of this compound (5,9,12). However, we obtained no
increase in lung tumors with methyl anthranilate.

Several food additives found to be actively carcinogenic in
other bioassay systems by other workers were negative for
lung tumor induction in A mice. Injection of safrole and
Santoquin s.c. in neonatal Swiss mice resulted in liver
hepatomas and a slight, but not statistically significant,
increase in pulmonary adenomas (7). Safrole has also produced
hepatocellular carcinomas when fed to mice (GDI) and rats
(CD); the l'-hydroxy form is more active and appears to be

the proximate carcinogen (4). Sodium saccharin was reported
to be carcinogenic for the urinary bladder of female Swiss
mice by the pellet implantation technique (6). These results
indicate that more than 1 bioassay system is probably required
to assess the activity of a broad variety of compounds. Indeed,
the A mouse pulmonary tumor response should not be used as
a sole index of carcinogenic activity. Its principal advantage
lies in the relative rapidity of the bioassay for screening
purposes. Positive results should be confirmed and extended
by other test systems. Cinnamyl anthranilate and the
chemotherapeutic agents are currently being assayed for
carcinogenicity in rats and mice.

The carcinogenic responses obtained with several of the

chemotherapeutic compounds were anticipated because they
are alkylating agents. The chemistry and biological activity of
alkylating agents have been discussed by Bardos Ã©tal.(3), Ross
(10), Van Duuren et al (18), and Shimkin et al. (15). In the
study of Shimkin et al. of 29 alkylating agents, uracil mustard
was also reported to be the most potent inducer of lung
tumors in A mice. On a molar basis, uracil mustard was 8 times
and thio-TEPA twice as active as in these tests. Several factors
may be responsible for these differences in activity: (a) the
duration of the experiments; the present studies were of 24
weeks duration, the earlier work, 39 weeks; the additional 15
weeks allowed for tumor development undoubtedly con
tributed to the higher mean tumor values reported previously;
(b) the use of different vehicles for thio-TEPA (water versus
tricaprylin); other workers have reported that the activity of a
carcinogen can vary markedly with the vehicle used for
administration (15); (c) different environmental conditions for
conducting the experiments; previous experience with the
bioassay would suggest that the 1st 2 factors exerted the
greater influence on the outcome of the tests.

On a molar basis, uracil mustard was considerably more
active than either imidazole or estradiol mustards. The
enhanced activity can most probably be attributed to its role
as an analog of uracil and its consequent incorporation into
RNA as suggested by Abel! et al. (1).

Shimkin et al. (15) reported that mannitol Myleran was
carcinogenic for pulmonary tumor induction in A mice at
one-tenth the top dose used for Myleran in the present work.
Since the activity of mannitol Myleran is probably due to the
Myleran moiety, the negative result for Myleran in this study
was unexpected. However, it is possible that factors mentioned
above to explain the differences in response to uracil mustard
and thio-TEPA also apply to Myleran.

Data obtained with dibenzyline, /3-deoxythioguanosine,
dapsone, and l-propanol-3,3-iminodimethanesulfonate hydro-
chloride were difficult to interpret. These drugs yielded
increases in lung tumors at middle but not at high doses.
Weisburger and Weisburger (19) indicated that high-dose
toxicity of the more active compounds can influence
carcinogenicity. This may well have occurred with dibenzyline
and j3-deoxythioguanosine as indicated by the poor survivalof
high-dose animals. The same explanation may apply to
dapsone and l-propanol-3,3-iminodimethanesulfonate hydro-
chloride although not indicated by the survival data.

A major problem in cancer chemotherapy is that of treating
the cancer patient with a potentially tumorigenic drug such as
uracil mustard (13). If the cancer can be successfully treated
with these agents, then their use is undoubtedly justified for
the life of the patient may well be prolonged. Possibly, by
determining the relative carcinogenic potency of chemothera
peutic drugs in several biological systems, as in strain A, a basis
for deciding which drugs are most desirable for cancer
chemotherapy will be established. Presumably, this would be a
compound of low carcinogenicity but of high antitumor
activity.
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