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Foreword

In conducting the research described in this report, the investi-
gators adhered to the "Guide for the Care and Use of Laboratory
Animals,” prepared by the committee on Care and Use of Laboratory
Animals of the Institute of Laboratory Animals Resources, National
Research Council [DHEW Publication No. (NIH) 78-23, Revised 1978].
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Introduction

This report summarizes the findings of tumorigenicity studies of
reference grade Diesel Fuel-2 obtained from Phillips Petroleum Company.
This study was carried out as part of a program to determine the
possible long range health hazard to personnel exposed to diesel fuel
disseminated as an aerosol to provide an obscuring battlefield smoke.

A number of the U.S. Army's pyrotechnic devices contain compounds
which produce colored smokes for signaling and marking. Because of the
potential for exposure of workers to the dyes and of instructors and
trainees to the disseminated smokes, the U.S. Army Medical Research and
Development Command has supported research to study the immediate and
delayed health effects of such exposure. This report also describes
the results of the tumorigenicity assays of the red and violet colored
smoke dyes. The red dye is composed of l-methylaminoanthraquinone
{MAA). The violet dye is made up of 80 percent by weight 1,4-diamino-
2,3~-dihydroanthraquinone (DDA) and 20 percent by weight MAA.

The assessment of tumorigenicity has been carried out in the
SENCAR mouse skin tumorigenesis bioassay system (Slaga et al., 1978;
Boutwell, 1964; Slaga et al., 1982). Skin tumors are induced by the
sequential application of a subthreshold dose of a carcinogen followed
by repetitive treatment with a chemical promoter (Slaga, 1983). In
testing a compound, the compound is substituted for either the carcino-—
gen and/or the promoter and the endpoints for this assay are: (1) the
incidence of papillomas, i.e., the percentage of papilloma-bearing
mice, (2) the multiplicity of papillomas, 1i.e., the number of
papillomas per mouse, (3) the incidence of carcinomas, i.e. the percent
of carcinoma-bearing mice, and (4) the multiplicity of carcinomas, l.e.
the number of carcinomas per mouse.

This assay system has a well documented response to polycyclic
aromatic hydrocarbons (PAH) (Slaga et al., 1978). The system has also
been used to identify many chemicals other than PAHs as potential
carcinogens (Table 1). These chemicals represent a wide variety of
clasgses of chemicals, 1including aldehydes, carbamates, epoxides,
haloalkylethers, haloaromatics, haloalkylcarbonyls, hydroxylamines,
lactones, nitrosamides, sulfonates, sultones, and ureas. The 32
chemicals listed in Table 1 include such well known chemical carcino-
gens as aflatoxin Bl, bis(chloromethyl)ether, chloromethyl methyl
ether, urethane, N~acetoxy-2-acetamidofluorene, g8-propiolactone,
N-methyl~N'-nitro-N-nitrosoguanidine, 1,3-propanesultone, N-nitroso-
methyl urea, triethylenemelamine, and 4-nitroquinoline-N-oxide. The
mouse skin tumorigenesis bioassay can also detect chemicals that cause
tumors in the respiratory tract of animals (Table 2). Of 11 known
animal respiratory carcinogens, the mouse skin tumorigenesis system has
to date detected carcinogens from the PAH, quinoline, and carbamate
groups. Of the chemicals tested from the 1list of highly suspect
occupational respiratory carcinogens, chloromethyl ethers and coke oven
emissions have been found to be tumorigenic 1In the mouse skin
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tumorigenests system (Nesnow et al., 1981). These results indicate
that the mouse skin tumorigenesis bioassay seems particularly well
sulted for evaluation of the tumorigenic potential of compounds and
mixtures known to be dermal carcinogens and also some compounds and
mixtures that are thought to cause cancers at other sites (Nesnow et
al., 1982).

Materials and Methods

A. Materials

1. The carcinogen, 7,12-dimethylbenz(a)anthracene (DMBA), was obtained
from Sigma Chemical Co.

2. The promoter, 12-0-tetradecanoylphorbol 13~acetate (TPA), was
obtained from L. C. Systems of Woburn, Mass.

3. Diesel Fuel Type 2-D (Diesel Fuel-2, DF-2) as specified in the code
of Federal Regulations, Title 45, Subtitle A, Part 1210, Sub Part
J, paragraph 120, 121, Commercial fuel was obtained from Phillips
Petroleum Co. Our test sample was a portion from the bulk quantity
supplied to ORNL for this project. A detailed chemical analysis of
this fuel was performed by the Analytical Chemistry Division, ORNL,
and reported by Jenkins (1983).

4. Red (RSD) and Violet (VSD) smoke dyes were supplied to ORNL for
this project courtesy of Pine Bluff Arsenal. The samples used in
the tumorigenicity assays were characterized by the Analytical
Chemistry Division, ORNL, and reported by Rubin (1983). "“The VSD
is formulated to contain 80 percent 1,4-diaminoanthraquinone and 20
percent l-methylaminoanthraquinone. The RSD is formulated to
contain only one dye component, l-methylaminoanthraquinone.”

5. Spectral grade acetone from Baker Chemical Co. was used to dilute
or dissolve all compounds to the desired concentration.

6. SENCAR mice, male and female, ages 5 to 9 weeks, either bred at the
Oak Ridge National Laboratory, Oak Ridge, TN, or from Harlan
Sprague Dawley, Indianapolis, IN. In one experiment, namely,
complete carcinogenesis with smoke dyes, SENCAR mice obtained from
Harlan Sprague-Dawley (HSD) were used. The breeding stock used by
HSD was supplied by ORNL.

B. Methods

These studies used forty 5 to 9 week-old SENCAR mice per treatment
group (20 of each sex). The animals were housed in plastic (Maryland
Plastics #E0670 cage, 8 5/8" x 13 7/8” x 5 1/8" with bar type stainless
steel tops) cages (10/cage) with hardwood chip bedding (Sanichip, P. J.
Murphy Forest Products Corp., Rochelle Park, NJ), fed Purina Laboratory

11
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& Chow 5001 and water ad 1ibitum, and maintained at 20°-23°C with 10

changes of air per hour. Animals were treated and housed in gold-

i lighted rooms (General Electric F40GO: 12 hrs of light/day) reducing

- the possibility of UVB-induced reactions with the treatment chemicals

A or cocarcinogenic effects of the UVB on the treated animals. The hair

': was shaved from the backs of the mice with surgical clippers 2 days

- before the initial treatment. All sample doses were applied in topical
™ treatment volumes of 0.2 mL. Spectral quality acetone was used as a
- solvent for the samples, the positive control, DMBA (2.52 uz in 0.2

‘j mL), and the promoter, TPA (2.0 ug in 0.2 mL).

<. After the topically administered initiation dose, the animals were

- promoted 1 or 2 times per week as outlined in Tables 3 and 4. Skin

tumor formation was recorded weekly and papillomas greater than 2 mm in

) diameter were included in the cumulative total 1f they persisted for

- one week or longer. Both the number of mice with tumors and the number

- of tumors per mouse were determined and recorded weekly. Tumors were

- randomly removed for histological verification. Group animal weights
N were determined every three to four weeks throughout the study.

»

- The maximum dose level for the smoke dyes was determined by their

solubility in acetone. The maximum dose of the DF-2 was the undiluted
v liquid.

- The Fisher Exact Test (Fisher, 1935) was used to determine if the
tumor responses were significantly above background controls.

1. Diesel Fuel-2

Ef A. Results

When the mice were treated with diesel fuel one time a week at 1X,
1/10X, 1/100X concentration, for 38 weeks, no treatment group gave a
tumor yield above historic background controls (Table 5).

In the tumor promotion study where the mice were initiated with
DMBA and then given the 1X, 1/10X or 1/100X concentration dose of
= diesel fuel two times a week, some positive results were obtained
(Table 6). Visibly, all three test concentrations gave a positive
tumor response but only the 1X dose gave a statistically positive tumor
response significantly above background controls. In addition, 5.5% of
the 1X test animals developed carcinomas. Even though the data for the
1/10X and 1/100X concentrations are not statistically different from
the controls, the results indicate a trend that may suggest that the
3 Diesel Fuel-2 is a promoting agent.

N
ORI
2feTaTa a3,

An additional observation on the tumor promotion data 1is that
.o there is a tumor response time of 8 to 11 weeks difference between the
males and females (Table 7). A difference in tumor response time of 14
to 21 days between sexes 1is often observed but 8 to 1l weeks 1is
unusual. The males are more sensitive to the diesel fuel than the
females.
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B. DNiscussion

In the two-stage carcinogenesis system using mouse skin, the
initiation phase requires only a single application of either a direct
or indirect carcinogen at a subthreshold dose and is essentially
irreversible. The promotion phase requires repetitive treatments after
initiation and is initially reversible, later becoming irreversible. A
promoting agent is one which, when applied repeatedly after a single
dose of a tumor-initiating agent, results in tumors. Tumor promoters
can be either weak carcinogens or noncarcinogens (Slaga et al., 1982).

The chemical characterization of DF-2 is presented in Table 8. A
number of the chemical fractions contain compounds or groups of
compounds that give a positive tumor response in the animal system (NIH
Pub. #80-453). However, the quantity of these compounds per gram or mL
of DF-2 is very low. For example, the benzo(a)pyrene [B(a)P] analysis
gave an average concentration of 72 nanograms/mL. This is 1l4.4 nano-
grams of B(a)P per 0.2 mL of DF-2 which was the maximum initiation
dose. With such minute amounts of carcinogens given to the mouse in
the tumor initiation studies, at maximum dose, {t 1is not surprising
that there were no tumors due to this component obtained in the tumor
initiation study. The concentration of other carcinogens in the fuels
is also low. Unless there were marked interactions including, perhaps,
- synergisms, a very low degree of potency would be expected.

W DA R

v
RLIS IS

- The positive tumor response in the DF-2 promotion study reflects
‘ the amplified sensitivity of the SENCAR two-stage mouse skin system.
- After multiple doses of the DF~2, tumors were detected. If 1t 1is
N assumed that the multiple exposures to the very low doses of the
- carcinogenic constituents of the fuel did not act as initiators they
o must have acted as promoters. In support of this contention, the
cumulative dose of B(a)P was 6% of a dose that is known to be suffi-
cient for initiation (2.52 ug, Slaga et al., 1982) and far less than
that required for complete carcinogenesis. It should be noted that
with the multiplicity of compounds in the DF-2, some of which are
o carcinogens, complex interactions that might include cocarcinogenesis
- cannot be eliminated as the cause of our findings.

2. Colored Smoke Dyes

A. Results

Table 9 shows that there was no tumor response to either the red
or violet smoke dyes when tested as complete carcinogens. Although a
few tumors occurred in the tumor initiation studies (Table 10) the
results are not significantly different from the TPA controls when
compared by the Fisher Exact Test.

¢ s s g B aT
L )

B. Discussion

St

The colored smoke dyes are anthraquinones. As a group, the
anthraquinones have a molecular configuration that is not carcinogenic.
Literature references of specific anthraquinones give tumor data of
background levels only (NIH Publication No. 80-453). Our tumor
initiatfon and promotion studies agree with these findings.

WAL
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