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ABSTRACT

Although data reported in several epidemiolÃ³gica!investigations indi
cate that reduced consumption of dietary fat and increased levels of
physical activity are associated with reduced risk for breast cancer, the
results of some studies do not support these observations. Underlying
this situation is the unanswered question about whether degree of body
fatness, which is affected by dietary composition, total caloric intake,
and energy expenditure, is the critical determinant affecting breast cancer
risk. The objective of this work was to establish whether increasing
energy expenditure by exercise would reduce the occurrence of mammary
carcinomas induced by 7,12-dimethylbenz|a|anthracene (DMBA) in ani
mals consuming a high fat diet to the level of occurrence observed in
sedentary animals consuming a low fat diet. Female Sprague-Dawley rats
were obtained at 21 days of age and maintained on a 5% (w/w) corn oil
diet (AIN-76A) until they were 64 days of age. At SOdays of age, rats
received either 5 mg DMBA or the solvent in which the carcinogen was
dissolved. Fourteen days after DMBA intubation they were randomized
into one of three groups: 5% fat (w/w), sedentary; 24.6% fat (w/w),
sedentary; or 24.6% fat (w/w), exercised. Animals were exercised on a
motor-driven treadmill at a belt speed of 20 m/min and a 1-degree incline
for 15 min/day, 5 days/week for 18 weeks. Feeding a high fat versus a
low fat diet increased the number of breast cancers induced and the rate
at which they appeared in agreement with previous investigations. How
ever, rather than retarding the development of tumors as was hypothe
sized, moderate treadmill exercise increased the incidence and number of
cancers induced and shortened cancer latency in comparison to animals
that received either the high fat or low fat diet and were sedentary. Body
composition was not altered by the exercise regime imposed, although
these animals weighed more than either sedentary group. These data
document a heretofore unreported effect of a moderate level of aerobic
work on breast cancer induction.

INTRODUCTION

An abundance of experimental evidence indicates that feeding
animals a high fat diet containing at least 4-5% of calories as
linoleic acid enhances the rate of appearance and the number
of mammary gland adenocarcinomas induced by the carcinogen
7,12-d imoth yllu-n/lÂ«(anthracene ( 1). The mechan ism(s) that un

derlies this enhancement of tumorigenesis is not clear. Chronic
hypersÃ©crÃ©tionof the pituitary-ovarian axis has been suspected
but available evidence is largely negative (2, 3). Experiments
designed to investigate the role of prostaglandins in the en
hanced rate of tumor appearance have not yet provided defini
tive results (4). There are a growing number of reports indicat
ing that a positive energy balance can result from the consump
tion of diets high in fat relative to those that are low in fat (5);
however, it is unclear whether that effect is of sufficient mag
nitude to account for the stimulation of mammary tumorigen
esis observed in rodent carcinogenesis experiments (4). The
underlying question is whether the fat content of the diet per se
is the critical determinant of cancer risk in the breast or whether
it is secondary and differences in degree and/or regional distri-
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bution of body fat are the factors that are predisposing to early
tumor occurrence. This issue has received little attention in
animal investigations, yet it has demonstrated relevance in
human terms. A recent prospective epidemiological study found
that amount of fat consumed is not necessarily associated with
risk for subsequent occurrence of breast cancer (6), whereas
strong associations have been reported between adiposity and
breast cancer occurrence (reviewed in Ref. 7), suggesting that
the latter is the important determinant. If this is the case, then
it may relate to conflicting reports about the effect of different
levels of exercise on breast cancer risk since physical activity
can affect both body composition and regional differences in
adiposity (8, 9). The experiment reported in this paper was
conducted as a first step in addressing the complex interrela
tionships among dietary composition, caloric intake, and energy
expenditure due to physical activity.

MATERIALS AND METHODS

One hundred forty-five female Sprague-Dawley rats were obtained
at 21 days of age and group-housed three/cage in an environmentally
controlled room maintained at 25Â°Cand 50% relative humidity. They

were fed a purified diet formulation containing 5% fat provided as corn
oil (AIN-76A; (Table 1) and distilled water ad libitum until they were
50 days of age. At this time, 115 rats received 5 mg DMBA3 dissolved

in 1.0 ml sesame oil via gastric intubation following an overnight fast.
Thirty similarly treated solvent control animals received only 1.0 ml of
sesame oil. Fourteen days after the intubation of carcinogen or sesame
oil the animals were randomized into one of three carcinogen-treated
or solvent-treated experiments groups. Animals either were continued
on the same low fat diet and maintained as sedentary controls or were
changed to a high fat diet containing 24.6% fat w/w provided as corn
oil (Table 1; Refs. 10 and 11). The animals consuming the high fat diet
either were maintained as sedentary controls or were exercised on a
motorized treadmill at a speed of 20 m/min and an incline of 1 degree
for 15 min/day, 5 days/week. The treadmill was equipped with ten
chambers so that animals could be exercised in groups of ten. A second
treadmill was used to sham-exercise the sedentary controls so that each
animal would receive the same handling and treadmill containment as
the experimental group with the exception of the actual exercise.
Exercise was conducted during the dark period in the room where the
animals were maintained. During the exercise period, the room was
dimly illuminated with a red light. The room was maintained with a
reverse light cycle, 12 h light/12 h dark. The period during which
animals in the room were exercised lasted approximately 2 h and was
the first 2-h period of the dark cycle. Because it was unclear what effect
human activity in the animal room would have on tumorigenesis, 24 of
the rats in the low fat sedentary group were maintained in an animal
room with a normal phase light cycle so that no human activity occurred
in the animal room during the dark period of the cycle. These animals
were not given sham treadmill handling.

Animals were exercised for an 18-week period. During this time,
they were palpated for the detection of mammary tumors twice each
week and were weighed weekly. Because of the normal variability of
the tumor response among animals and the effect different tumor
burdens may have on both diet consumption and weight gain, food
consumption of the animals in the study was estimated from that
consumed by the solvent-treated animals during 1 week of each month
of the experiment.

3The abbreviation used is: DMBA, 7,12-dimethylbenz[a]anthracene.
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EXERCISE, FAT, AND BREAST CANCER

Table 1 Diet formulations" Table 2 Effect of exercise and dietary fat on mammary tumor induction"

Diet composition (%)

Ingredient*Corn

oilCaseinD,L-MethionineCerelose'Corn

starch'FiberMineral

mix"'Vitamin
mix*Choline

chlorideTotalCaloric

density(kcal/g)Calories

from fat (%)'Low

fat5.020.00.315.050.05.03.51.00.2100.03.811.0Highfat24.624.60.59.029.36.24.31.20.3100.04.846.0

Â°Diets were formulated to have essentially the same nutrient density per kcal.
4 Ingredients are of the grade specified in Ref. 10.
' Source of carbohydrate was modified as suggested in Ref. 11 to avoid the

complications that can result from feeding a high sucrose diet in long term
experiments.

J AIN-76A formulations specified in Ref. 10 as modified in Ref. 11.
' These levels were selected on the basis of the suggested nutrient requirements

for the rat and the estimated amounts of fat consumed by humans at the lowest
and highest ranges of intake in the United States.

At the termination of the study animals lightly anesthetized via CO2
inhalation were exsanguinated by decapitation. Animals were skinned
and the skin was examined under translucent light for observable
mammary tumors. All tumors and suspect areas were excised, fixed in
buffered formalin, and processed for histolÃ³gica!classification accord
ing to the criteria of Young and Hallowcs (12). The wet weight of
various organs was determined, as was carcass composition of sedentary
and exercised solvent-treated animals consuming the high fat diet.
Carcasses (including skin and hair) were weighed, ground, homoge
nized, and lyophilized. Lyophilized carcass weights were divided by
fresh carcass weights to compute percentage of carcass dry matter.
Protein was estimated by the Kjeldahl method (13), lipid as the ether-
extractable residue (14), and ash as the residue left after ignition in a
muffle furnace (IS). Body weights, food intakes, organ weights, and
carcass composition data were analyzed by analysis of variance (16).
Caloric consumption per unit of metabolic mass (body weight)0-15was

analyzed by a nonparametric procedure (17). Differences in cancer
incidence and latency among groups were evaluated by the methods
described by Peto (18). Tumor count data were analyzed by analysis of
variance following square root transformation as suggested by Snedecor
and Cochran (16).

RESULTS

As is typical, DMBA exposure induced both benign and
malignant mammary tumors. The few benign mammary tumors
were similarly distributed among the three carcinogen-treated
groups and are not discussed below. The data reported in the
tables and figures are based on only those tumors histologically
classified as mammary gland adenocarcinornas. Animals that
were given the high fat diet had greater number of cancers per
rat and a faster rate of occurrence of multiple tumors (Table 2;
Fig. 1 and 2). Cancer latency was shorter and the final incidence
of cancers was greater. Animals that were given the high fat
diet and exercised on the treadmill had the highest cancer
incidence of the three groups and the shortest cancer latency.
As indicated in Figs. 1 and 2, the rate of tumor appearance also
was significantly enhanced. The data presented in Table 3 and
Fig. 3 indicate that the final body weights were higher in both
exercised groups. The animals that were exercised consumed
more diet. However, kcal ingested per unit of metabolic mass
(body weight)0 â„¢was not significantly different among groups
(P = 0.08). There were no differences in carcass composition

Diet*Low

fat
High fat
High fatExercise'Sedentary

Sedentary
ExercisedNo.

of
rats49"''

28*35Cancer

incidence(%)71.4'

82. \r
100.0Â«Average

no. of
cancers/rat2.1'

4.0Â»
6.1*Median

cancer-free
time(wk)12.5'

10.0
8.9

" Animals were given 5 mg DMBA at 50 days of age. They were randomized

into one of three groups 14 days after carcinogen administration.
* The low fat diet is 5% fat (w/w) provided as corn oil; the high fat diet is

24.6% corn oil (w/w).
' Animals either were placed on a treadmill and not exercised or were exercised

15 min/day, 5 days/week, at a belt speed of 20 ni/min and an incline of 1 degree.
J Twenty-Five of these rats were maintained as described in "Materials and

Methods." The remaining rats served as an oul-of-room control. They were

maintained identically with three exceptions: a normal phase light cycle, no
human activity in the room during the dark cycle, and no sham handling for
exercise on a treadmill. The tumor response in these animals was indistinguishable
from that of rats maintained in the room in which exercise was conducted.

' One rat in the low fat sedentary group and 2 rats in the high fat sedentary

group were eliminated from the study within 30 days of carcinogen treatment due
to injuries sustained from hooking their teeth in the perforated food followers
used in food cups to limit spilling of diet.

'â€¢"'*Values within a column with different superscripts are statistically differ

ent, P < 0.05.
' Life table analysis test for trend indicated a significant promotional effect of

both high fat diet and exercise on time to tumor, P < 0.01.
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Fig. 1. Incidence of palpable mammary cancers expressed as a percentage.
These data are plotted versus time in weeks after administration of 5 mg DMBA/
rat. Treatment groups are: low fat and sedentary (â€¢);high fat and sedentary (A);
high fat and exercised (â€¢).Latency curves were significantly different from one
another, P< 0.01.
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Fig. 2. Average number of palpable mammary cancers per rat as a function of
time in weeks after administration of 5 mg DMBA/rat. Treatment groups are:
low fat and sedentary (â€¢);high fat and sedentary (A); high fat and exercised (â€¢).

due to exercise (Table 4). The weights of the ovaries and uteri
did not differ significantly among groups although weights were
lower in the exercised animals given the high fat diet (Table 5).

DISCUSSION

Data published in a number of epidemiological investigations
concerning the relationship between exercise and cancer risk

2721

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/48/10/2720/2431326/cr0480102720.pdf by guest on 19 M

ay 2023



EXERCISE, FAT, AND BREAST CANCER

Table 3 Effect of exercise and dietary fat on body weight gain and food intake
Body wt(kg)"DietLow

fat*

High fat
High fatExerciseSedentary'

Sedentary
ExercisedSolvent-treated'307

Â±1\'
307 Â±(/
340 Â±9Â«DMBA-treated'306

Â±6^320
Â±7'

333 Â±7*Food

intake4

(g/day)1
3.4 Â±O.I7

10.5 Â±0.2'
11.9 Â±0.4*Caloric

intake*Kcal/day50.9

Â±O^50.4Â±0.8757.1
Â±2.1'Kcal/day/(body

wt)Â°"0.694

Â±0.008'

0.684 Â±0.005
0.726 Â±0.01

Â°Each value is a mean Â±SEM.
* Statistical analyses were performed on cumulative food intake data. The values reported are the estimated average daily consumption of diet and kcal Â±SEM.
' Animals were given either 1 ml sesame oil (solvent-treated) or 1 ml sesame oil in which 5 mg DMBA were dissolved (DMBA-treated) at 50 days of age.
"'The low fat diet is 5% fat (w/w) provided as corn oil; the high fat diet is 24.6% corn oil (Â»,'Â»).
' Animals either were placed on a treadmill and not exercised or were exercised 15 min/day, 5 days/week at a belt speed of 20 m/min and a 1-degree incline.
'â€¢*'â€¢*Numbers with different superscripts within columns are statistically different, P < 0.05.
' Values within this column were not significantly different from one another, /' = 0.08.
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Fig. 3. Average group mean body weights (g) Â±SEM of carcinogen-treated
rats as a function of time in weeks after administration'of DMBA. Treatment
groups are: low fat and sedentary (â€¢);high fat and sedentary (A); high fat and
exercised (â€¢).

Table 4 Effect of exercise on body composition in animals consuming the high
fat diet

Body composition (g/100 g body HI)"

Activity level Protein Fat Water Ash
Sedentary*

Exercise19.7
Â±0.3

19.3 Â±0.316.5
Â±0.4

17.6 Â±0.956.8
Â±1.5

56.7 Â±2.03.4
Â±0.4

3.0 Â±0.2
" Each value is the mean Â±SEM of 5 observations.
* Exercise had no statistically distinguishable effect on body composition, /'

D.h.

Table 5 Effect of diet and exercise on organ weights
Weight of organ (g/100 g body wt)Â°

Diet Activity level Ovaries Uterus Adrenals

Low fat Sedentary
High fat Sedentary
High fat Exercise

0.040 Â±0.003
0.043 Â±0.002
0.040 Â±0.004

0.150 Â±0.019 0.019 Â±0.002
0.129 Â±0.018 0.016 Â±0.011
0.121+0.015 0.020 Â±0.001

" Each value is the mean Â±SEM of tissue excised from 5 solvent-treated rats.

Differences among groups were not statistically significant for these organs or
for liver, spleen, or kidneys.

recently have been reviewed ( 19). In general, increased levels of
physical activity have been reported to be inversely associated
with cancer risk; however, not all the data are in agreement
with this observation. With regard to breast cancer, one study
of women athletes in college found a decreased incidence of
cancers of the reproductive system and the breast (20). Other
studies have not continued this finding (21) and, in fact, a
positive association between activity level and cancer risk has
been reported (22). For example, participation in collegiate
athletics by men was observed to be positively associated with
an increased risk of death from neoplasms. Disagreements
among such reports are not surprising given the difficulties of
assessing activity levels in epidemiological inquiries. Because
of this situation there is a continuing need for basic investiga
tions such as that reported herein.

Laboratory investigations relating to the effect of physical
activity on tumor development were reported at least as early
as 1944. Of particular importance are the early observations of
Rusch and Kline (23), Bullough (24), Rashkis (25), Hoffman et
al. (26), and Moore and Tittle (27). Essentially without excep
tion, these investigators reported that extensive physical activity
inhibited either tumor growth in transplantable tumor systems
or tumor occurrence in ch. .nically induced or spontaneous
tumor models. A primary question in these investigations was
whether physical activity exerted an effect independent from its
effect on caloric intake and/or body composition. In the studies
cited above (24-27), two mechanisms were advanced to account
for the tumor-inhibitory effect of exercise. One held that neo-
plastic cells are less likely to develop or continue growth if there
is a paucity of excess energy stores available for their utilization
(23). The other hypothesized that fatigued muscles produce a
substance that inhibits tumor growth (26). To our knowledge
this issue remains unresolved.

The laboratory work cited above appears to have provided
the foundation for much of the current interest in the relation
ship between physical activity and cancer and the belief that
increased physical activity may reduce cancer risk. However,
when the exercise methodologies used in these earlier investi
gations are scrutinized, it becomes apparent that the level of
exercise to which animals were subjected was exhaustive. In
fact, one of the hypotheses about how exercise might inhibit
tumor development was predicated on induction of muscle
fatigue (26). When this situation is compared with criteria used
to classify activity level in the epidemiological studies men
tioned above or with the level of exercise in which Americans
generally engage, i.e.. aerobic exercises of relatively short du
ration, it is obvious that the earlier animal work does not model
these levels of physical activity. Given this situation, the exper
iment reported here was prompted by the working hypothesis
that a moderate level of exercise would reduce tumor risk of
animals receiving a high fat diet toward that occurring in
animals fed the low fat diet. Since the moderate level of exertion
chosen for this experiment did not reduce body fat composition
or induce any irregularity in the periodicity of the estrous cycle,
this experiment did not test the hypothesis that menstrual
irregularity or a low level of body fat induced by intense physical
training is associated with a protective effect against breast
cancer. Rather, the purpose of this study was to evaluate the
effects of a level of activity that may be more typical of those
who engage in a limited amount of exercise above that which
characterizes their occupational activity. Given the trend in this
country to increasing participation in aerobic exercises such as
walking or jogging, forced running on a treadmill was selected
as the means of inducing rats to exercise. Under the conditions
of exercise used in this investigation, no inducement was nec
essary to stimulate the rats to run the entire experimental
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period. No electrical shocks or other aversive stimuli were used
or needed. This form of induced exercise was felt to be superior
to the highly variable and uncontrolled activity provided by
voluntary running on a wheel and less stressful than forced
swimming, which is plagued by inherent problems relating to
buoyancy and diving behavior of the rat.

The results of this experiment are surprising. The observation
that treadmill exercise of animals consuming a high fat diet
enhanced the incidence of cancers, increased the number of
cancers per rat, and shortened the latency period was unex
pected and remarkable in its magnitude. Clearly, the finding
requires further investigation and indicates the need for caution
in speculating about protective effects of exercise based on
inconclusive epidemiological data. What might account for this
effect? There are several possibilities. One could speculate that
the effect is related to stress induced by forced running on the
treadmill. However, available evidence indicates that physiolog
ical or pharmacological concentrations of most adrenal steroids
either inhibit or have no effect on the development of mammary
tumors in this system (28, 29). Perhaps hormonal mechanisms
are involved that are mediated via a disturbance in the hypotha-
lamic-pituitary-ovarian axis. Endurance exercise is known to
alter this axis (30). However, if this is the case, the changes
induced must be subtle in that alterations in estrous cycle
periodicity were not observed and, if anything, the trend in
uterine and ovarian weights would suggest that the effect of
exercise should have been protective. Another alternative to be
considered is that exercise creates a state of oxidant stress that
acts to promote tumor development. In support of this are
recent reports that treadmill exercise can cause significant
depletions in intracellular concentrations of thiols and loss of
vitamin E from membranes (31, 32). However, the duration of
exercise in those experiments was exhaustive, not moderate.
Nonetheless, the increasing evidence that oxidant stress may
be involved in tumor promotion (33) suggests that this hypoth
esis also may merit evaluation. Finally, it was noted that exer
cise stimulated caloric intake and that exercised animals con
suming the high fat diet were actually heavier than either
sedentary group, although the carcass composition was unal
tered. How this situation relates to the observed stimulation of
tumorigenesis remains unclear, although some evidence does
suggest that body mass, independent of its composition, is
positively associated with tumor risk (34).

There are a host of questions that can be asked as a follow-
up to the work reported herein. Such a finding needs to be
interpreted with caution. Perhaps the most practical conclusion
that can be drawn at this time is that engaging in physical
activity in addition to that associated with occupational activity
is unlikely to preclude the need for prudence in the choice of
diet, particularly with regard to its fat content. Variety and
moderation remain the best current advice with respect to both
diet and exercise as a means for health promotion and disease
prevention.
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