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ABSTRACT

6-Nitrochrysene (6-NC) is a pollutant generated in diesel exhaust. In
order to study its propensity to induce mammary cancer, we injected 6-NC
into the mammary glands of female CD rats. 4-Nitropyrene (4-NP), the

most active mammary carcinogen among the mononitropyrene isomers,
was used as a positive control (K. Imaida et al., Cancer Res., 5/: 2902-

2907, 1991). A total of 2.04/tmol of each compound in dimethyl sulfoxide
was injected into each of the six mammary glands on the left side of
weanling rats. The corresponding glands on the right side received injec
tions of dimethyl sulfoxide. The thoracic glands were treated on Day I and
those located in the inguinal area were treated on Day 2. Rats were
sacrificed after 43 wk. 6-NC induced fibroadenomas, adenocarcinomas,

and spindle cell sarcomas of the mammary glands in a high percentage of
the rats. The numbers of animals with mammary tumors and the numbers
of malignant tumors were significantly higher in the group treated with
6-NC than in those receiving 4-NP or dimethyl sulfoxide alone. The results

of this study, taken together with those of previous bioassays, demonstrate
the remarkable activity of 6-NC as a mammary, colon, and lung carcin

ogen in rodents.

INTRODUCTION

Exposure to exogenous carcinogens is an accepted cause of several
types of cancer in humans. A better understanding of the ability of
chemicals to induce mammary tumors in rodents may provide impor
tant leads toward elucidating their role in the etiology of human breast
cancer (1). This is of paramount importance since breast cancer is
second only to lung cancer as the leading cause of death from cancer
among American women (2).

Humans are exposed to a wide variety of environmental carcino
gens, including NCK-PAH,1 of which some are established mammary

carcinogens in laboratory animals (3). The sources for these pollutants
include cooked foods, various combustion processes, and polluted air.
In the past, research priorities were given to nitropyrenes since they
are the predominant NO2-PAH in numerous environmental sources
(3). However, research on 6-NC (see Fig. 1 for structures) was pur

sued because of its strong tumorigenic activity, which approximates
that of certain ultimate carcinogenic metabolites of PAH (4), in the
newborn mouse lung tumor induction assay (5-8). A positive identi
fication of 6-NC in diesel exhaust particulate was reported recently
(9), although results in previous reports were equivocal (10-12).

6-NC was found to be a tumor initiator in mouse skin and a colon

carcinogen in CD rats, in addition to its potent tumorigenic activity in
the lung and liver of newborn mice following i.p. administration (4â€”8,

13, 14). Mammary tumors can be induced in female rats by various
chemical carcinogens administered by several routes, including intra-
mammary injection (15-28). In this study, the latter route was utilized
to determine the carcinogenic potency of 6-NC in the mammary
glands. We also tested 4-NP, the most active mammary carcinogen

among the mononitropyrene isomers, as a positive control (25).
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MATERIALS AND METHODS

Chemicals and Reagents. 6-NC and 4-NP were prepared according to
literati ,â€¢procedures (4. 29). The purity of each compound was >99.8%,

accordi.ig to high-performance liquid Chromatographie analysis using a Vydac
Ci8-10 fxm reverse-phase column (4.6 mm x 25 cm; Separations Group.

Hesperia, CA), eluted with a linear gradient from 100% H2O to 100% CH,OH
over 60 min at a flow rate of 1.0 ml/min; 6-NC eluted after 61 min, and 4-NP

eluted after 58 min. DMSO was purchased from Aldrich Chemical Co. (Mil
waukee, WI).

Carcinogenicity Assay. Ninety weanling female CD rats |Crl: CD (SD)
BR; 78 Â±5 g] were obtained from the Charles River Breeding Laboratories.
Ine.. Kingsion, NY, and randomly assigned to three treatment groups of 30 rats
each as shown in Tables 1 and 2. They were housed 3 to a cage in solid-

bottomed polycarbonate cages containing hardwood chips as bedding. Rooms
were maintained at 22 Â±2Â°C(SD) and 55 Â±15% humidity. The rats were kept

on a 12-h light. 12-h dark cycle and were allowed free access to a commercial

diet (Wayne Rodent Blox; Continental Grain Co., Chicago, IL) and to water.
This diet had been used earlier in determining the carcinogenic potency of
4-NP in the rat mammary gland (25). The first injections of DMSO or test

compound in DMSO (2.04 /Â¿mol/100/xl) were given at 30 days of age (Oc
tober 3, 1991). The second injections were administered on the following day.
The protocol was identical to that previously described (25). The mammary
tissue underneath each of the 3 left thoracic nipples was injected with 100 /Â¿I
of one of the solutions. The corresponding areas of the 3 nipples on the right
side were treated with DMSO only. On the second day. the inguinal nipple
areas received the same treatments. The total dose of 6-NC or 4-NP was 12.3

/Â¿molper rat. Body weights were measured prior to carcinogen administration,
weekly during the first month, and then monthly until termination of the
experiment 43 wk after the second injection; all rats survived the course of the
experiment. Beginning approximately 3 mo after carcinogen treatment, ani
mals were palpated every 2 wk. The location of palpable tumors was recorded
and monitored throughout the remainder of the experiment.

At necropsy, all organs and especially the mammary glands, were examined
macroscopically for any gross lesion or abnormalities. The tissues were fixed
in 10% buffered formalin solution, processed for paraffin sections, and stained
with hematoxylin and eosin. HistolÃ³gica! diagnosis of mammary tumors was
based on criteria outlined by Russo ci al. (30). Tumor incidence data were
analyzed statistically by the \2 method. Body weights and total number of
tumors were analyzed by Student's / test.

RESULTS

The weights (mean Â±SD; Table 1) of rats treated with 6-NC or
4-NP were virtually identical to those of controls over the course of

the experiment. Survival was 100% in all groups.
The major finding in this bioassay was the induction of cancer in

the mammary glands by 6-NC and 4-NP predominately at the site of

injection, i.e., in the left mammary glands. Fig. 2 is a representative
example of a rat treated with 6-NC in the left mammary glands and

with DMSO in the right mammary glands. The first palpable mam
mary tumor was noted 13 wk after 6-NC treatment and, in the case of
4-NP or DMSO treatments, after 23 wk. The incidence of palpable

NO,

6-NC 4-NP

Fig. 1. Structures of 6-nitrochrysene (6-NC) and 4-nitropyrene (4-NP).
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mammary tumors is shown in Fig. 3. No regression of palpable
mammary tumors was noted; increasing numbers of tumors were
found in all groups as the assay progressed.

Histologically, the mammary tumors were classified as fibromas,
adenomas, fibroadenomas, adenocarcinomas, spindle cell sarcomas,
rhabdomyosarcomas, and carcinosarcomas (Table 2). In the DMSO-

treated rats, only fibroadenomas and/or acinar hyperplasia was ob
served, while 6-NC induced adenomas, fibroadenomas, carcinomas,

fibromas, and sarcomas. The incidence of fibroadenomas, adenocar
cinomas, and spindle cell sarcomas in the left nipple areas given
injections of 6-NC was significantly higher than that in the right

nipple areas of the same rats given injections of DMSO only (Fig. 4;
Table 2). 6-NC induced significantly more fibroadenomas, adenocar
cinomas, and spindle cell sarcomas than did 4-NP or DMSO. Some of
the well-developed fibroadenomas detected in response to treatment
with 6-NC had small areas considered to be carcinoma in situ. The

overall incidence of fibroadenomas and adenocarcinomas elicited by

Fig. 2. Example of rat mammary tumors induced by 6-NC (left side of the rat); the righi

side of the rat received injection of only DMSO.

20 30 40
No. of Weeks

After Carcinogen Administration

Fig. 3. Percentage of incidence of palpable mammary tumors in female CD rats
following intramammary administration of 6-NC (â€¢),4-NP (O), or DMSO (â€¢).
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Table 2 Rat mumman tumors induced by direct injection into the left mammary glands with the indicated chemical*

Treatments were initiated at 30 days of age. The chemicals (2.04 Â¿muil/HX)jxl of DMSO) were injected into the mammary tissue underlying each of the three left thoracic nipples
on the first day; DMSO (MM)Â¿il)was injected into the right nipple areas of the same animals to serve as an internal control. The inguinal nipple areas were treated in a similar manner
the following day. Solvent controls received only DMSO in both right and left nipple areas. Animals were observed for tumor induction up lo 43 wk prior to sacrifice.

No. of rats with mammary No. of rats with
tumors mammary tumorsonNo.

of rats with
tumors/effective

Compound no. ofrats4-NP

15/30(5())/>-'
6-NC 29/30 (97)'i/

Solvent control 5/30(17)
(DMSO)Fibro-

Adeno-
adenomascarcinomas13r

(43)' 7(23)''24
am*' 15(sor*5
(17)Spindle

cell
sarcomas Right8

(27)c
10(33)''-' 9(30)'2

(7)No.

of mammarytumors"SpindleFibroadenomas

Adenocarcinomas cellsarcomasLeft15(50)<(

25VBT**4(13)Right

LeftRight19*'

29''
12 lT'-f 2

3 hLeft

RightLeftyt.23</-/

\c,d-j

" Tumors other than those described in the table: 6-NC, two rats each had one rhabdomyosarcoma and one carcinosarcoma on the left side, eight rats had eight adenomas in the

left nipple areas and two adenomas in the right nipple areas, eight rats had 11 fibromas in the left nipple areas; 4-NP. one rat had two adenomas; DMSO. one rat had five (of a total
of nine fihroadenomas) well-developed fibroadenomas with a small area which was considered to be carcinoma in situ. Examinations of the remaining rats in this group showed that

some had mammary gland hyperplasia.
'' Numbers in parentheses, percentage.
' Significantly greater than DMSO. P < 0.05.
''Significantly greater than DMSO. P < 0.001.
'' Significantly greater than the number of tumors observed in the right nipple areas. /' < (I.(K)I.

1 Significantly greater lhan 4-NP, P < O.W I.
" Significantly greater than 4-NP, P < 0.05.

â€¢¿�6-NC
4-NP

D OMSO

Fig. 4. Number of mammary tumors on right side and on left side of rals treated with
6-NC, 4-NP, or DMSO.

4-NP was significantly higher than that in the DMSO controls. Sar
comas were not observed in animals treated with 4-NP, but the num

bers of adcnocarcinomas in the left nipple areas were significantly
higher than that in the right nipple areas.

DISCUSSION

The results of this bioassay confirm the carcinogenicity of 4-NP
(25) and demonstrate for the first time that 6-NC is remarkably active

as a mammary gland carcinogen in female CD rats. Since this assay
was shorter than that conducted previously (43 wk versus 11 wk),
4-NP induced only 50% mammary tumors as compared to 82% (25).

In the 6-NC-treated rats, the nipple areas on the left side had a

significantly higher incidence of fibroadenomas, adenocarcinomas,
and spindle cell sarcomas than did the areas on the right side. With
4-NP the incidence of adenocarcinomas was significantly higher on

the left side than on the right side; this observation has been described
previously (25). It appears that the mammary gland has the requisite
enzymes that catalyze the metabolism of 4-NP and 6-NC to ultimate

carcinogens. The occurrence of several tumors on the right side when
only the left side was treated with a carcinogen is likely a systemic
effect. The carcinogen is absorbed and then metabolically activated to
reactive electrophiles in the liver or in the mammary glands on the
right side.

It is noteworthy that spindle cell sarcomas were detected only upon
treatment with 6-NC. This type of tumor was not observed in the

present study nor by Imaida et al. (25) when rats were treated with
4-NP. Spindle cell sarcomas originate in the connective tissue of the

mammary gland, usually preceded by fibromas.
At the present time we lack information on the mechanisms by

which 6-NC and 4-NP induce mammary cancer in rats. However,
studies in newborn mice have indicated that 6-NC can be metabolized

by at least two different routes, i.e.. by nitroreduction or ring oxida
tion. A combination of nitroreduction and ring oxidation of 6-NC to
1.2-DHD-6-AC is essential to activate 6-NC to a tumorigen in the
newborn mouse (31). A comparative tumorigenicity study of 6-NC
and its metabolites supported the role of l,2-DHD-6-AC in tumor
induction (7). On the basis of these results we hypothesize that 1,2-
DHD-6-AC is converted to the corresponding bay-region dihydrodiol

epoxide which may be responsible for the tumorigenic activity of
6-NC. Whether nitroreduction and/or ring oxidation is required to
activate 6-NC to a mammary carcinogen needs to be determined.
Nitroreduction of 1-NP to 1-aminopyrene was reported to be catalyzed

in vitro by rat mammary gland cytosol (32). It has also been shown
that the mammary glands of rats have the capacity to metabolize some
PAH (33, 34). Of particular interest is the fact that human breast tissue
can metabolize the environmental mammary carcinogen benzo[</|-

pyrene to reactive electrophilic species (35). The tumorigenicity data
in the present study suggest that the mammary epithelial cells do
indeed have the capacity to catalyze the metabolism of 6-NC by either

nitroreduction or ring oxidation. The analysis of DNA adducts in the
mammary glands formed upon ireatment with 6-NC will provide some

insights into this mechanism; this is under investigation.
The remarkable activity of 6-NC as a mammary carcinogen in the

CD rat is particularly interesting in view of earlier findings obtained
from other tumor model systems. We and others have demonstrated
that as a lung tumorigen 6-NC was exceptionally more active than any

other PAH tested, and its activity approximates that of certain ultimate
carcinogenic metabolites of PAH (4-8). Moreover. Imaida et al. (14)
showed that 6-NC is carcinogenic to the rat colon. The carcinogenic
activity of 6-NC in the rat mammary gland, the rat colon, and the

mouse lung, taken together with its environmental presence, suggests
its potential importance with regard to human cancer development.

To assess risks associated with human exposure to environmental
mammary carcinogens such as NO,-PAH it is important to determine

several end points including the relative carcinogenic potency in ro
dents of representative agents under identical conditions. At present

3721

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/16/3719/2451026/cr0530163719.pdf by guest on 19 M

ay 2023



INDUCTION OF RAT MAMMARY CANCER BY 6-NC

this information is not available in the literature (1). Nonetheless, the
findings from the present study together with previously described
data permit us to rank several NOo-PAH in the order of their re
spective carcinogenic activity in the rat mammary glands as 6-NC >
4-NP Â» 2-NP = 1-NP. Comparisons of several compounds that

belong to different classes of environmental mammary carcinogens
also deserve future investigation. Knowledge of the relative abun
dance of specific agents in the human environment, their carcinogenic
potency, the nature of their interactions with DNA, and the availability
of markers for their detection in biological fluids and in breast tissue
should provide a strong basis for breast cancer risk assessment in
respect to exposure to environmental carcinogens.
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