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DIETARY FAT ON ENHANCEMENT OF RAT MAMMARY TUMORIGENESIS

Table 1 Diet formulations
Diets were formulated to have essentially the same nutrient density per kcal.

The antioxidant designated in Ref. 14 was omitted from this formulation.

Ingredients"Corn

oilPalm
oilCaseinDL-MethionineCerelose*Corn

starch*FiberAIN

mineralmix'AIN
vitaminmix'Choline

chlorideTotal
gramskcal
density/g%

kcal fromfat'Linoleic

acid % kcalLow

fat,
CO5.020.00.315.050.05.03.51.00.2100.03.811.07.2High

fatCO24.624.60.59.029.36.24.31.20.3100.04.846.028.0PO/CO2.821.824.60.59.029.36.24.31.20.3100.04.846.07.2

" Ingredients other than palm oil are of the grade specified in Ref. 14. Palm

oil was refined, bleached and deodorized as provided by Proctor and Gamble Co.,
Cincinnati, OH.

* The source of carbohydrate was modified as suggested in Ref. 15 to avoid

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

' AIN-76A formulations specified in Ref. 14 as modified in Ref. 15.
'' These levels were selected on the basis of the estimated amounts of fat

consumed by humans at the lowest and highest ranges of intake in the U.S.

Table 2 Effect of exercise and diet on mammary tumor latency
Latency value indicates the day after DMBA administration at which at least

one or more palpable, histologically confirmed benign (fibroma or fibroadenoma)
or malignant (adenocarcinomas) mammary tumors had occurred in 25th, 50th,
or 75th percentile of the animals within a treatment group.

DietaryFat"LevelLow

High
HighSourceCO

CO
PO/COExercise

latency (days)6percentiles25th50

3455LITE50th6762
5875th128

93
8325th43

4153MITE50th5849
6275th69

74
88

" The level and source of dietary fat are explained in Table 1 and the exercise
regime is defined in "Materials and Methods."

b MITE shortened the latent period only in rats fed either the high or low fat,
corn oil-formulated diets, P < 0.05.

treadmill located in a metabolic chamber from which samples of gas
were continuously sampled and analyzed. Oz and COz content was
measured using a pair of gas analyzers placed in series with the
metabolic chamber. A rat was placed in the chamber and adapted for 5
min to establish baseline gas concentrations. Thereafter belt speed and
grade were increased systematically to a prescribed level every minute
until the animal reached the point of maximal oxygen utilization.

At the termination of the study, animals were euthanized via COz
inhalation, skinned, and the skin examined under translucent light for
observable mammary tumors. All tumors and suspect areas were ex
cised, fixed in buffered formalin, and processed for histological classi
fiait inn according to the criteria of Young and Hallowes (16). In
addition, carcass composition of LITE- and MITE-treated animals that
received no DMBA and consumed the low or high fat corn oil-formu
lated diets was determined as previously described (9). Differences in
cancer incidence and latency among groups were evaluated by methods
described by Peto (17). Tumor count data were analyzed by factorial
analysis of variance following square root transformation as suggested
by Snedecor and Cochran (18). The remaining data were evaluated by
ANOVA after establishing that they conformed to distributional nor
mality.

RESULTS

DMBA exposure induced both benign and malignant mam
mary tumors. The influence of dietary fat and the intensity of
exercise on mammary tumor latency irrespective of tumor type
is shown in Table 2. MITE accelerated tumor appearance in

animals fed high or low fat corn oil-formulated diets, but was

without effect on animals fed the high fat diet formulated from
a mixture of palm oil and corn oil. The effect of level of physical
activity on the latency of only those palpable mammary tumors
that were histologically classified as adenocarcinomas is graph
ically presented in Fig. 1. MITE stimulated the rate of cancer
appearance in both corn oil formulated diet groups, but not in
those animals fed the palm/corn oil mixture. Beginning 1 week
after the midpoint of the experiment, a reduction in animal
days at risk occurred in the MITE-treated groups fed corn oil
formulated diets as a result of unscheduled termination due to
necrotizing tumors. This reduction in days at risk was 40%
greater than that occurring in the LITE-treated groups fed the
same diets. The increased occurrence of necrotizing tumors was
attributable at least in part to abrasion of the skin overlying
tumors located on the ventral surface of these animals caused
by contact with the treadmill belt. This problem was accen
tuated in MITE-treated in comparison to LITE-treated rats
because of the difference between groups in treadmill belt speed.
Although this situation did not affect the analysis of tumor
incidence or latency, it did bias comparisons of tumor multi
plicity towards the null hypothesis for time points after the
midpoint of the experiment. Therefore, the incidence and av
erage number of tumors per rat that were palpable at the
midpoint of the experiment and subsequently confirmed histo
logically to be adenocarcinomas are summarized in Table 3. In
contrast to the corn oil-formulated diet groups, both cancer
incidence and multiplicity were not enhanced in palm oil fed
animals in the MITE-treated group in comparison to LITE-
treated group.

Fig. 2 summarizes the growth data for the six treatment
groups that were administered DMBA. In each within diet
comparison, trend analyses confirmed that MITE animals were
heavier than their LITE counterparts as time after carcinogen
treatment increased (P< 0.05). However, the analysis of carcass
composition in animals fed the low or high fat corn oil formu-
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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 corn oil and LITE (O); low fat corn oil and
MITE (Â»);high fat corn oil and LITE (A); high fat corn oil and MITE (A). High
fat palm/corn oil mixture, LITE (O); high fat palm/corn oil mixture, MITE (â€¢).
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DIETARY FAT ON ENHANCEMENT OF RAT MAMMARY TUMORIGENESIS

Table 3 Effect of exercise and diet on induction of palpable mammary gland
adenocarcinomas

Palpable mammary' gland adenocarcinoma incidence and multiplicity data at
the mid point of the experiment.

Dietary fat
level"Low

Low
High
High
High
HighSource(CO)

(CO)
(CO)
(CO)
(PO/CO)
(PO/CO)Exercise"LITE

MITE
LITE
MITE
LITE
MITECancer

incidence*

(%)56

77
66
86
66
63Cancers/rat*1.2

Â±0.1
1.7 Â±0.2
1.4 Â±0.2
2.1 Â±0.4
1.7 Â±0.2
1.8 Â±0.2

" The level and source of dietary fat are explained in Table 1 and the exercise
regime is defined in "Materials and Methods."

* Cancer incidence (P = 0.035) and the average number of cancers/rat Â±SEM
(P = 0.02) were significantly higher in MITE- vs. LITE-treated rats fed corn oil-
formulated diets.
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Fig. 2. Group mean body weights (g) Â±SEM as a function of time in weeks

after administration of DMBA. Treatment groups are: low fat corn oil and LITE
(O); low fat corn oil and MITE (Â»);high fat corn oil and LITE (A); high fat corn
oil and MITE (A); high fat palm/corn oil mixture and LITE (O); and high fat
palm/corn oil mixture and MITE (â€¢).

lated diets with or without increased physical activity (Table 4)
provided no evidence that increased exercise at the levels used
in this study induced changes in total carcass composition.
Estrous cycle periodicity also was unaltered. Nonetheless, data
presented in Table 5 provide evidence that the level of physical
activity identified as MITE resulted in a significant increase in
the maximal capacity of the rats to consume oxygen. This
indicates that the exercise protocol designated as MITE in
creased aerobic capacity, i.e., a "training effect" was sustained
in these animals in comparison to LITE-treated rats.

DISCUSSION

The work reported here confirms and extends our initial
observation (9) that an increase in physical activity, achieved
through treadmill exercise of short duration and moderate
intensity, can enhance the induction of mammary tumorigenesis
by DMBA. Enhancement occurred not only in animals consum

ing a high fat corn oil formulated diet as previously reported
(9), but also in those animals fed a low fat diet of equal nutrient
density per kcal. Neither dietary treatment alone or in combi
nation with exercise was found to alter gross body composition.
Thus, it is not possible to speculate on either the relevance to
the tumorigenic response of body energy reserves stored as fat
or the value that increases in energy expenditure that reduce
body fat content without restriction of energy intake may have
for the inhibition of tumor occurrence. Nonetheless, these
observations indicate a generalized and reproducible effect of
treadmill exercise on mammary tumorigenesis that is independ
ent of the amount of dietary fat consumed. Furthermore, the
data imply that systemic factors may be involved in the observed
response. The fact that the level of physical activity designated
as MITE did increase aerobic capacity of the animals, but was
without effect on gross carcass composition, highlights the
importance of determining both parameters in evaluating the
influence of various types and amounts of exercise on tumori
genesis.

Also of interest was the observation that the effect of exercise
on mammary tumor induction was attenuated by feeding a high
fat diet formulated with a combination of palm and corn oil.
This mixture was fed in order to provide the same amount of
linoleic acid as the 5% corn oil formulated fat diet but with the
additional fat provided from a source of saturated fatty acids,
palm oil, with chain lengths similar to those of the unsaturated
fatty acids in corn oil. The origin of inhibitory activity of the
palm/corn oil formulated diet remains to be determined. It is
possible that this oil contains a factor(s) that inhibits exercise-
stimulated tumor development. On the other hand, the influ
ence of the saturated fatty acids in palm oil on the composition
of phospholipids in membranes and the role that they may play
in tumor promotion also should be considered.

The results reported by several laboratories on the effects of
exercise on mammary gland tumorigenesis differ (9-13). Two
of these investigations have been published in detail (9, 10). In
Ref. 10, rats provided free access to an activity wheel were
observed to experience a prolonged tumor latency and to de
velop fewer breast tumors. However, rats induced to run at a
moderate intensity for a short duration on a treadmill were
found to experience an increased tumorigenic response (9), a
finding confirmed by the work reported herein. Other than the

Table 4 Effect of exercise and diet on body composition
Body Composition*'c

fat"Low

Low
High
HighSourceCO

CO
CO
COExercise"LITE

MITE
LITE
MITEMoisture58.7

Â±0.7
56.8 Â±1.0
57.2 Â±1.6
56.1 Â±1.0Fat

(%)14.2

Â±1.0
16.9 Â±1.2
18.2 Â±2.5
16.8 Â±1.2Protein23.1

Â±0.4
22.3 Â±0.4
22.0 Â±0.7
22.7 Â±0.3Ash4.2

Â±0.3
4.6 Â±0.3
3.8 Â±0.4
4.2 Â±0.4

Â°The level and source of dietary fat are explained in Table 1 and the exercise
regime is defined in "Materials and Methods."

* Each value is the mean Â±SEM of six animals.
' Factorial analysis of variance indicated no significant effect of dietary level

of fat, exercise or fat x exercise (interaction term) on any component of carcass
composition.

Table 5 Effect of exercise on maximal capacity of animals to consume oxygen

Exercise" (ml/min/kg)

LITE
MITE

55.1 Â±1.9
72.8 Â±2.1

Â°The exercise regime is defined in "Materials and Methods."
* Maximal capacity to consume oxygen (V( ). â€ž¿�,,jis measured as ml oxygen

consumed per min per kg body weight. Each value is a mean Â±SEM.
' The difference between groups was statistically significant, P < 0.01.
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DIETARY FAT ON ENHANCEMENT OF RAT MAMMARY TUMORIGENESIS

obvious difference in the types of exercise used and the inherent
dissimilarities in intensity and duration of work affected by
each, another potentially important divergence in the two stud
ies was the influence of each exercise regime on body fat
content. In the exercise protocol that inhibited tumor develop
ment (10), body fat content was reduced; whereas, the duration
and intensity of treadmill running that stimulated tumorigene-
sis had no influence on any component of carcass composition
either as reported in Ref. 9, or in this work. These observations
are consistent with the fact that the rats provided free access to
activity wheels ran a greater distance and had a larger daily
energy expenditure due to exercise. A reduction in carcass
energy stored as fat resulted, despite the overall larger size of
these animals. On the other hand, the treadmill running pro
tocol also tended to enhance body weight gain, but had no
influence on carcass energy stores. Thus in a sense, the tumor-
igenic response in the activity wheel-treated rats was manifest
in an "reduced fat" or "less dense energy" environment relative

to animals run on the treadmill. Viewed in this context, the
observed differences in tumor response become less puzzling,
since a limitation in net available energy is itself known to
inhibit tumorigenesis (19, 20). Another intervening factor to be
considered is the effect on endocrine function exerted by the
physical and psychological stress that inherently accompany
aerobic training, and that may modify breast tumor induction
(21-23). Cohen et al. noted that mammary tumorigenesis was
inhibited to the greatest extent in the animals that exercised
the least (10). Sylvester et al. have reported that female rats
induced to run on a treadmill for increasing intervals of time
experience a dose-dependent increase in hypothalamic respon
siveness to prolactin releasing factors (22). It may be that the
observation of Cohen et al. is the result of a dynamic interplay
between inhibiting and promoting activities mutually invoked
by exercise. The work reported herein and in Ref. 9 might then
be considered as examples of an exercise regime in which
promoting activities prevail due to the modest nature of the
energy expenditure imposed.

Based on these considerations, a key question that must next
be addressed in delineating the role of physical activity in
modulating tumor development is the nature of the tumor
response with increasing intensity and duration of exercise. The
underlying point of interest is whether a threshold level exists
above which aerobic activity, such as that induced by treadmill
running, exerts either no effect or inhibits tumor development.
If such a threshold is observed, it will be important to determine
how it correlates with changes in carcass energy balance and in
the hormone milieu of the animal. Having established such
relationships, it would then be relevant to ascertain whether
exercise exerts similar effects during the initiation, promotion,
and/or progression stages of the tumorigenic process.

Several elements of methodology should be considered as the
influence of exercise on tumorigenesis comes under closer scru
tiny in different laboratories and with different experimental
systems. Of these, the selection of the type of activity deserves
special attention. Although there may be other options, the
majority of published work has employed either voluntary
exercise using free access to an activity wheel or involuntary
exercise induced by swimming, or by running animals in a
motor-driven activity wheel, rotating drum, or on a treadmill.
Voluntary exercise has the advantage that it is self-determined
and spontaneous. However, the inherent problem is that of
variability in the amount and intensity of activity performed
within and among the animals during the time course of an
experiment and the decline in activity level with increasing

duration of an experiment. Several approaches can be used to
address this problem, but they require an extensive array of
equipment and the use of opÃ©rantbehavioral conditioning tech
niques. If a voluntary activity regime is desired, certain strains
of rat, e.g., Fischer 344, and mice, display higher levels of
spontaneous activity, a fact that also must be taken into account.
An additional factor in the use of the activity wheel relates to
the nature of the exercise and the degree it achieves and/or
sustains a "training effect." Thus, the actual correlation between

revolutions run, energy expended, and improvement in aerobic
capacity should be determined. Establishing this relationship
also would permit data obtained from activity wheel experi
ments to be compared with those resulting from other types of
exercise such as treadmill running.

Various approaches to the involuntary exercise of rodents
have been reported and several have been inherent problems. A
drawback encountered when swimming is used to exercise
rodents is the buoyancy of the animal due to its fur. Rats also
display diving behavior in order to avoid swimming and they
may experience an increased risk of respiratory diseases. An
alternate approach is the use of a motorized activity wheel and/
or tumbling drum. However, rats sometimes cling to the wheel
and revolve with it to avoid running or they may not run
continuously in a revolving drum. As mentioned above, it is
unclear how revolutions run in a wheel or drum correlate with
work load and intensity of exercise.

An alternate method of involuntary exercise frequently cho
sen by experimentalists working with rats is running them on
a motorized, incline adjustable variable speed treadmill. Despite
the fact that exercise is involuntary, this method has several
important advantages. Duration and intensity of physical activ
ity can be varied uniformly and applied to all animals in a
treatment group. A high degree of compliance can be achieved
and maintained throughout an experiment and changes in
aerobic capacity can be quantified and used as a basis for
developing a progressive exercise training protocol. Because of
these advantages, the treadmill was used in this experiment.

Given the nature of the observations reported here, the final
comments address the extrapolation of these results to human
populations. Many individuals are increasing their nonoccupa-
tional levels of physical activity. In general, undeniable health
benefits accrue to those who engage in such changes in lifestyle.
The work reported here in no way counterindicates these
changes. However, it does suggest the need for careful investi
gations of the potential benefits and detriments of the intensity
and duration of various types of recreational activity. Secondly,
the data suggest that dietary and/or nutritional factors may be
combined with appropriate types and amounts of physical ac
tivity to optimize healthful effects. The definition of such ben
eficial interactions and of the mechanisms that underlie these
effects are the focus of our continuing investigations in this
area.
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