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ABSTRACT

Twenty-one-day-old female BALB/c mice were divided into

three groups and fed a diet containing 0, 5, and 20% fat (corn
oil). Ten days prior to sacrifice, one-half of the mice were given

injections daily with saline (0.9% NaCI solution), and the remain
ing half, with 17/Ã®-estradiol(1 ng) and progesterone (1 mg). After

3 mo on diet and 10 days of saline or estradici:progesterone
treatments, all mice were sacrificed, and mammary glands were
excised and prepared for whole-mount evaluation (No. 4 glands),
[3H]thymidine-autoradiographic analysis (No. 2 glands), and or
gan culture analysis (No. 2 glands). Whole-mount evaluation

involved a rating for ductal and alveolar development on a scale
of 1 to 6. [3H]Thymidine-autoradiographic analysis consisted of

determining the total number of labeled epithelial cells per ante
rior 3 mm of gland. Organ culture analysis consisted of placing
one gland of each gland pair in basal tissue culture medium, and
the contralateral gland was placed in basal medium plus mam-

mogenic hormones. These glands were cultured for 6 days and
then analyzed for development by whole-mount evaluation
(scale, 1 to 6) and for epithelial area (mm2) (via computer image

analysis). In saline- and estradioliprogesterone-treated mice,
there was a significant linear increase in the number of [3H]-

thymidine-labeled mammary epithelial cells as the fat content of
the diet increased from 0 to 5 to 20% (P < 0.05). In saline- and
estradiohprogesterone-treated mice, mammary gland develop
ment (assessed by whole-mount evaluation) was increased as

the fat content of the diet increased from 0 to 5% (P < 0.05). In
saline-treated mice, no significant difference in mammae devel

opment was observed between mice fed 5 or 20% fat diets; in
estradiol:progesterone-treated mice, mammae development was

marginally increased in mice fed the 20% fat diet compared to
mice fed the 5% fat diet (P ~ 0.07). When the mammary glands
from saline- or estradioliprogesterone-treated mice were ana

lyzed for hormone responsiveness in organ culture, the response
of these glands to mammogenic hormones was significantly
increased (assessed by mammae development and mammae
epithelial area), as the fat content of the diet was increased from
0 to 5% (P < 0.05); as the fat content of the diet was increased
from 5 to 20%, there was an increase in responsiveness to
mammogenic hormones, but this increase was not as pro
nounced and often did not reach the 5% level of statistical
probability. Thus, the results of this study provide evidence that
the level of dietary fat can affect in situ mammary gland devel
opment and growth responsiveness to mammogenic hormones.
The effect of dietary fat is quite striking when comparing mice
fed 0 and 5% fat diets and less pronounced when comparing
mice fed 5 and 20% fat diets.
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INTRODUCTION

It is now well established that high levels of dietary fat enhance
the development of mammary tumors in rats and mice (1-3).
This phenomenon has been demonstrated in a variety of mam
mary tumor experimental animal models, e.g., spontaneous
mammary tumors in mice and rats (4, 5), chemical carcinogen-
induced mammary carcinomas in mice and rats (6, 7), X-ray-
induced mammary carcinomas in rats (8), hormone-induced
mammary tumors in rats (9), and an array of transplantable
mammary carcinomas in mice and rats (2, 10-12). Thus, en
hancement of mammary tumorigenesis by high-fat diets is not

recognized just in select models but is observed in an impressive
array of experimental rodent mammary tumor systems.

The type of fat important in this tumorigenic process has been
examined by a number of laboratories. It appears that dietary
fats rich in polyunsaturated fatty acids, especially those of the
18:1 and 18:2 series, are most effective in the enhancement of
mammary tumorigenesis; diets rich in saturated fatty acids are
less effective (13-15). It is also readily apparent that high levels

of dietary fat enhance the promotional stages of mammary
tumorigenesis. The increase of growth by high-fat diets of certain
transplantable rodent mammary tumors (2, 10-12) and the en
hancement of rodent mammary tumorigenesis when the high-fat
diets are fed commencing after carcinogen treatment (16-18)
are unequivocal evidence for an effect on this stage of tumori
genesis. It is possible, however, that dietary fat may affect the
initiation stage of mammary tumorigenesis as well (19-21), via
carcinogen metabolism and/or by influencing developmental
growth of the normal mammary gland.

Few laboratories have examined the effect of dietary fat levels
on development and growth of the normal in situ mammary
gland. Clearly, diets lacking fat or deficient in fat suppress in situ
mammary gland development and growth when compared to
diets containing standard or high levels of fat (22, 23). Whether
or not diets high in fat can influence in situ mammae development
and growth when compared to diets which contain standard
(normal) levels of fat has not, to date, been extensively examined;
to our knowledge, only two such studies have been reported
(24, 25). Furthermore, whether or not the fat level of the diet can
alter hormone-induced growth responsiveness of the mammary

gland is unknown. Thus, the purpose of this paper is to report
the effect of three dietary levels of fat, ;'.e., 0%, 5% (standard

level of fat), and 20% (high level of fat) on in situ mammary gland
development and the comparative responsiveness of this tissue,
as a function of diet, to a mammogenic hormonal growth stimu
lus.

MATERIALS AND METHODS

All animals used in this study were nulliparous female BALB/c mice
obtained from Charles River Breeding Laboratories, Inc., Wilmington,
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DIETARY FAT AND MAMMARY GLAND DEVELOPMENT

MA. They were housed in a temperature-controlled (25.5 Â±0.5Â°C)and

light-controlled (14 h/day) room.

At 21 days of age, all mice were divided into three dietary groups, i.e.,
(a) 0.0% fat, (b) 5.0% fat, and (c) 20.0% fat. Fat was in the form of
stripped corn oil (U. S. Biochemical Corp., Cleveland, OH) and was added
to the diet at the expense of carbohydrate (sucrose). The basal diet is a
semipurified fat-free diet (No. 15750) obtained from U. S. Biochemical

Corp. The proportions of protein, minerals, vitamins, and fiber were
adjusted to keep their ratio constant with respect to calories. The protein
(vitamin-free casein) content of the basal fat-free diet is 21.1%. All mice

were maintained on these diets for 3 mo, at which time they were
sacrificed.

Ten days prior to sacrifice, one-half of the mice in each group were
given injections s.c. daily until sacrificed with 17/3-estradiol (1 /ig) (Sigma

Chemical Co., St. Louis, MO) and progesterone (1 mg) (Sigma Chemical
Co.); the remaining mice were given injections s.c. daily with a solution
of 0.9% NaCI (saline). The steroids were mixed with gum arabic (gum
arabicprogesterone, 0.1:1.0) (Sigma Chemical Co.); the hormoneigum
arabic mixture was dissolved in 0.9% NaCI solution. At sacrifice, the No.
2 (thoracic) and No. 4 (inguinal) mammary glands were excised and
prepared for analysis.

No. 4 Mammary Glandsâ€”Whole-Mount Evaluation. One gland from

each No. 4 gland (a gland pair) was fixed in glacial acetic acid: 100%
ethanol (1:3, v/v), stained with alum carmine (Sigma Chemical Co.), and
examined by whole-mount evaluation using a standard procedure (26).

Mammary glands were coded and rated for development according to
the following criteria: 1, few ducts, few or no end buds; 2, moderate duct
growth, moderate number of end buds; 3, numerous ducts and branches,
many end buds; 4, numerous ducts and branches, minimal lobuloalveolar
growth; 5, numerous ducts and branches, moderate lobuloalveolar
growth; and 6, numerous ducts and branches, dense lobuloalveolar
growth as in late pregnancy.

No. 2 Mammary Glandsâ€”[3H]Thymidine Autoradiographic Analy

sis. One gland from each No. 2 gland (a gland pair) was placed in a 35-

mm Petri dish to which were added 2.0 ml of tissue culture medium
(Waymouth, MB 752/1 ; GIBCO, Grand Island, NY). To the tissue culture
medium were added [mef/)y/-3H]thymidine (45 Ci/mmol) (New England

Nuclear, Boston, MA) (1.0 nCi per ml of medium). Incubation was for 4
h in a 95% O2:5% CO2 atmosphere at 37Â°C.After incubation, the glands

were fixed in glacial acetic acid: 100% ethanol (1:3, v/v) and stained with
alum carmine. The anterior 3-mm tip of each gland (commending at the

anterior tip of ducts, an area most distant from the nipple) was embedded
vertically in a paraffin preparation (Tissue-Prep; Fischer Scientific Co.,

Fairiawn, NJ) and sectioned at 5 Â¿im.Every 60 urn throughout the entire
3-mm gland tip, a 5-Mm-thtok section was saved for [3H]thymidine-

autoradiograhic analysis. These slides were coded, then dipped in NTB-

2 nuclear tract emulsion (Eastman Kodak Co., Rochester, NY), dried,
and stored in light-tight boxes with a desiccant for 2 wk at 4Â°C.The
total number of |3H|thymidine-labeled epithelial cells per gland (3-mm

gland tip) (approximately 50 sections/gland tip) was determined. Only
epithelial cells with 5 or more [3H]thymkJine silver grains were recorded.

No. 2 Mammary Glandsâ€”Organ Culture Analysis. Detailed proce

dures for organ culture of the whole mammary gland of the mouse have
been thorougly described by Banerjee et al. (27). The No. 2 thoracic
mammary glands were placed on sterile dacron rafts in 35-mm Petri

dishes, and the glands, resting on the rafts, were then incubated in
Waymouth's medium (MB 752/1) (GIBCO). Incubations were carried out
in a 95% O2:5% CO2 atmosphere in a humidified chamber at 37Â°C. All

incubations were for 6 days. Growth-promoting medium contained the

following hormones (and concentrations): bovine insulin (5 ng/m\) (Sigma
Chemical Co.); bovine prolactin (5 jig/ml) (NIH); bovine growth hormone
(5 i/g/ml) (NIH); aldosterone (1 pg/m\) (Sigma Chemical Co.); 17/3-estradiol

(0.001 Mg/ml) (Sigma Chemical Co.); and progesterone (1 ng/ml) (Sigma
Chemical Co.).

Each mouse in each group served as its own control; i.e., one
mammary gland (of each No. 2 gland pair) was placed in the basal tissue

culture medium, and the contralateral gland was placed in the basal
medium containing mammogenic hormones (growth-promoting medium).

The differential growth response (growth in basal medium versus growth
in basal plus mammogenic hormone medium) of each paired No. 2
mammary gland for each mouse in each group was determined.

After 6 days of culture, the mammary glands were coded, fixed in
glacial acetic acid:100% ethanol (1:3, v/v), stained with alum carmine,
and examined for development by whole-mount evaluation on a scale of
1 to 6 as described previously. After whole-mount evaluation, the glands
were embedded horizontally in a paraffin preparation (Tissue-Prep;

Fischer Scientific), sectioned at 30 ^m, mounted on glass slides, and
stained with hematoxylin. Each 30-fim section, throughout the entire
gland, was assessed for epithelial area by a computer-assisted image

analysis system (R & M Biometrics Corp., Nashville, TN). A television
camera attached to a low-power microscope generates an image of the

tissue section consisting of light (fat pad) and dark (epithelium) points.
This image is relayed to a computer (Apple He),which counts the number
of dark points. These data are then converted to area (mm2) measure

ments. The total epithelial area of these sections for each gland was
determined. Mouse mammary glands are Â¡dealfor such analysis as the
epithelium (ducts and alveoli) of the mammae stain dark (hematoxylin),
contrasting exceptionally well with the nonstaining surrounding adipose
tissue (fat pad).

Statistics. In vivo data were analyzed by one-way (completely random
design) analysis of variance. Orthogonal contrasts and polynomials were
used to estimate the effect of estradici:progesterone and linear and
quadratic effects of fat and fat-estradiol:progesterone interactions. A

limited set of nonorthogonal contrasts was used to facilitate interpretation
of results (most important were comparisons between 0 and 5% fat diets
and between 5 and 20% fat diets within saline- and estradici:pro
gesterone-treated mice) (28).

In vitro data were analyzed by split plot analysis of variance with mice
serving as whole units and mammary glands as subunits (29). The
orthogonal contrasts described above were tested using whole-unit

(intermouse) variation as error. Effects of culture medium and its inter
action with dietary fat and estradiohprogesterone were tested using
subunit (intramouse) variation. A limited set of nonorthogonal contrasts
was tested. Most important were comparisons among differences be
tween basal medium and basal medium plus mammogenic hormones.
Standard errors reported for in vitro experiments were based on inter-
mouse variation. These are valid for comparisons among whole-unit

treatments (estradiohprogesterone or fat level) within a given subunit
treatment but overestimate variation for other comparisons.

A total of 120 mice were used in these studies, 20 mice per group
(saline treated, 0, 5, and 20% fat diets; estradiohprogesterone treated,
0, 5, and 20% fat diets). For whole-mount evaluation of No. 4 mammary

glands, 20 mammary glands from each group (one gland/mouse) were
evaluated. [3H]Thymidine-autoradiographic analyses of No. 2 mammary

glands were performed on 10 mammary glands per group (one gland/
mouse). For organ culture analysis of No. 2 mammary glands, 10 mice
per group were utilized; whole-mount evaluation and mammae epithelial

area were determined on 10 and 5, respectively, gland pairs/group.

RESULTS

No. 4 Mammary Glandsâ€”Whole-MountEvaluation. Mean
mammary gland development scores (Â±SE)for saline-treated
mice fed 0, 5, and 20% fat diets were 1.9 Â±0.1, 2.3 Â±0.1, and
2.2 Â±0.1, respectively; for estradiol:progesterone-treated mice
fed the 0, 5, and 20% fat diets, mammae development scores
(Â±SE)were 2.1 Â±0.1, 3.1 Â±0.2, and 3.7 Â±0.2, respectively
(Chart 1; Figs. 1 to 6). Mammary gland development in mice fed
the 0% fat diet was suppressed when compared to mice fed the
5 or 20% fat diet, in saline-treated mice, or in mice treated with
estradiohprogesterone (P < 0.05). No significant difference in
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Chart 1. Effect of levels of dietary fat on in situ mammarygland (No. 4, inguinal)
development in female BALB/c mice. Twenty mice (20 single mammary glands)/
treatment group. See "Materials and Methods" for interpretation of mammarygland
development scores. Saline- and estradiohprogesterone-treatedmice, 0% versus
5% fat diet, P < 0.05; estradiol:progesterone-treated mice, 5% versus 20% fat
diet, P ~ 0.07; saline-treatedmice, 5% versus 20% fat diet, P > 0.05.
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Chart 2. Effect of levels of dietary fat on number of ['Hjthymidine-labeled
epithelialcells in in situ mammaryglands(3-mmgland tip) (No. 2, thoracic)of female
BALB/c mice. Ten mice (10 single mammary glandsj/treatment group. In saline-
and estradiohprogesterone-treatedmice, there was a linear increasein the number
of [3H]thymidine-labeledmammaryepithelialcells as the fat content of the diet was
increasedfrom 0 to 5 to 20% (P < 0.05).

of the diet was increased from 0 to 5 to 20% (P < 0.05) (Chart
3). The slopes of the lines in saline- and estradiol:progesterone-

treated mice were not significantly different (P > 0.05). Greater
than 95% of the [3H]thymidine-labeled mammary cells were

ductal or alveolar; few stroma cells were labeled.
No. 2 Mammary Glandsâ€”Organ Culture Analysis. Mean

mammary gland development scores (Â±SE)of mammary glands
derived from saline-treated mice fed the 0, 5, and 20% fat diets

and cultured in the basal medium were 2.1 Â±0.1,2.1 Â±0.1, and
2.5 Â±0.1, respectively; those cultured in the basal medium plus
mammogenic hormones were 2.6 Â±0.1, 3.2 Â±0.3, and 3.9 Â±
0.2, respectively. The differential developmental increases (basal
medium versus basal medium plus mammogenic hormones) in
mammae derived from saline-treated mice fed the 0,5, and 20%

fat diets were +24, +52, and +56%, respectively. Mean mam
mary gland development scores (Â±SE)of mammary glands de
rived from estradiohprogesterone-treated mice fed the 0, 5, and

20% fat diets and cultured in the basal medium were 2.3 Â±0.1,
2.9 Â±0.1, and 2.4 Â±0.1, respectively; those cultured in the
basal medium plus mammogenic hormones were 3.2 Â±0.1, 4.3
Â±0.1, and 3.9 Â±0.2, respectively (Chart 4; Figs. 7 and 8). The
differential developmental increases (basal medium versus basal
medium plus mammogenic hormones) in mammae derived from
estradiol:progesterone-treated mice fed the 0, 5, and 20% fat
diets were +28, +48, and +63%, respectively. In saline-treated

mice, as the fat content of the diet was increased from 0 to 5 to
20%, the differential between basal medium and basal medium
plus mammogenic hormones increased (P < 0.05). However, the
increase in differential between 0% fat and 5% fat diets was
significantly (P < 0.05) greater than the increase in differential
between 5% fat and 20% fat diets. In estradiol:progesterone-

treated mice, as the fat content of the diet was increased from
0 to 5%, the differential between basal medium and basal me
dium plus mammogenic hormones increased (P < 0.05). How
ever, no significant increase in differential between 5% fat and
20% fat diets was observed.

Mean mammary gland epithelial areas (mm2) (Â±SE)for mam
mary glands derived from saline-treated mice fed the 0, 5, and

mammae development between saline-treated mice fed the 5

and 20% fat diets was observed. Mammary development in
estradiohprogesterone-treated mice fed the 20% fat diet was
increased compared to mammae development of estra-
diokprogesterone-treated mice fed the 5% fat diet, but this
increase was statistically marginal (P ~ 7%). Treatment with

estradiol: progesterone (compared to saline treatment) signifi
cantly increased mammae development in mice fed the 5 and
20% fat diets (P < 0.05); estradiolrprogesterone treatment did
not significantly increase mammae development in mice fed the
0% fat diet.

No. 2 Mammary Glandsâ€”[3H]Thymidine-autoradiographic
Analysis. Mean numbers of [3H]thymidine-labeled mammary
epithelial cells (Â±SE)for saline-treated mice fed 0, 5, and 20%

fat diets were 37 Â±20, 114 Â±41, and 267 Â±88, respectively;
for estradiol:progesterone-treated mice fed 0, 5, and 20% fat
diets, the mean numbers of [3H]thymidine-labeled mammary

epithelial cells (Â±SE)were 257 Â±79, 410 Â±87, and 530 Â±70,
respectively (Chart 2). In saline- and estradiohprogesterone-

treated mice, there was a linear increase in the number of
[:IHJthymldine-labeled mammary epithelial cells as the fat content
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Charts. Effect of levels of dietary fat on number of [3H]thymidine-labeled

epithelialcells in in situ mammaryglands(3-mmgland tip) (No. 2, thoracic)of female
BALB/c mice. Ten mice (10 single mammary glandsj/treatment group. See "Re
sults' or Chart 2 for standard errors. The slopes of the lines in saline- and
estradtoliprogesterone(E/P)-treatedmicewere not significantlydifferent (P> 0.05).
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Chart 4. Hormone responsiveness of organ cultures of mammary glands (No.
2, thoracic) obtained from female BALB/c mice fed different levels of dietary fat:
mean mammary gland development scores. Ten mice (10 paired mammary glands)/
treatment group. B, basal medium; B+H, basal medium plus mammogenic hor
mones. See â€¢Materialsand Methods" for interpretation of mammary gland devel
opment scores. See "Results" for mean Â±SE. Saline- and estradiol:progesterone-

treated mice: 0 versus 5% fat diet, P < 0.05; saline-treated mice: 5 versus 20% fat
diet, P < 0.05; estradici:progesterone-treated mice: 5 versus 20% fat diet, P >

0.05.
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Chart 5. Hormone responsiveness of organ cultures of mammary glands (No.
2, thoracic) obtained from female BALB/c mice fed different levels of dietary fat:
mean mammary gland epithelial area (mm2). B, basal medium; 8+H, basal medium

plus mammogenic hormones. Five mice (5 paired mammary glandsj/treatment
group. See "Results" for mean Â±SE. Saline- and estradiol:progesterone-treated

mice: 0 versus 5% fat diet, P < 0.05; estradiol:progesterone-treated mice: 5 versus
20% fat diet, P < 0.05; saline-treated mice: 5 versus 20% fat diet, P > 0.05.

20% fat diets and cultured in the basal medium were 8.2 Â±1.7,
10.7 Â±0.8, and 10.6 Â±0.7, respectively; those cultured in the
basal medium plus mammogenic hormones were 12.0 Â±1.5,
20.8 Â±2.4, and 22.2 Â±1.4, respectively. The differential epithelial
area increases (basal medium versus basal medium plus mam
mogenic hormones) in mammae derived from saline-treated mice

fed the 0, 5, and 20% fat diets were +46, +94, and +109%,
respectively. Mean mammary gland epithelial areas (mm2) (Â±SE)

for mammary glands derived from estradiol:progesterone-treated

mice fed the 0, 5, and 20% fat diets and cultured in the basal
medium were 10.6 Â±1.4, 14.1 Â±1.8, and 16.0 Â±1.1, respec
tively; those cultured in the basal medium plus mammogenic
hormones were 18.6 Â±2.3, 32.0 Â±6.3, and 38.1 Â±1.9, respec
tively (Chart 5). The differential epithelial area increases (basal
medium versus basal medium plus mammogenic hormones) in
mammae derived from estradiol: progesterone-treated mice fed

the 0, 5, and 20% fat diets were +75, +127, and +138%,

respectively. In saline-treated mice, as the fat content of the diet

was increased from 0 to 5%, the differential between basal
medium and basal medium plus mammogenic hormones in
creased (P < 0.05); no significant increase in differential between
5% fat and 20% fat diets was observed. In estradiohpro-
gesterone-treated mice, there was a significant (P < 0.05) in

crease in differential between basal medium and basal medium
plus mammogenic hormones as the fat content of the diet
increased from 0 to 5 to 20%. The increase from 0% fat to 5%
fat was significantly (P < 0.05) greater than the increase from
5% fat to 20% fat diet.

Body Weight Gains. There was no significant difference in
body weight gains between mice fed the 5% fat and 20% fat
diets; mean body weights (+SE) at the termination of the study
(3 mo on diet) were 26.7 Â±0.5 and 28.7 Â±0.5, respectively. At
the termination of the study (3 mo on diet), mice fed the 0% fat
diet had a mean body weight of 21.2 Â±0.7, a body weight which
was significantly (P < 0.05) less than mice fed the 5% fat or 20%
fat diets. Three mo of diet feeding was chosen because, at the
end of this period, the mice fed the 0% fat diet first showed a
statistically significant reduction in mean body weights compared
to mice fed the 5% fat or 20% fat diets. The mice fed the 0% fat
diet appeared as healthy as those fed the 5% fat or 20% fat
diets; no mortality was observed among the three groups of
mice.

DISCUSSION

In comparing in situ mammary gland development in mice fed
the 0% fat diet with those fed a standard level of fat (5%), clear
and consistent differences in development were noted; i.e., the
mammae of the mice fed the fat-free diet were decidedly atrophie

(underdeveloped) compared to the mammae of mice fed stand
ard levels (5%) of this dietary component. This phenomenon
was observed in both saline-treated mice and in mice receiv

ing a hormonal mammogenic stimulus (estradiol:progesterone
treated). The atrophie condition of the mammae in mice fed the
fat-free diet is further reflected in the relative lack of [3H]thymi-
dine-labeled epithelial cells in these glands; a reduction by ap

proximately % (saline treated) and Vs (estradiohprogesterone
treated) in the number of labeled cells was observed in the
mammae derived from mice fed the 0% fat diet compared to
mice fed the 5% fat diet. Furthermore, in mice fed the 0% fat
diets, no significant difference in mammary gland development
was observed between saline- and estradiohprogesterone-
treated mice. Thus, the mammae from mice fed a fat-free diet

appear to be incapable of responding morphologically to a hor
monal mammogenic growth stimulus. The in vivo refractoriness
of these glands to a hormonal growth stimulus was further shown
in vitro (organ culture); i.e., mammae derived from mice fed the
0% fat diet responded quantitatively (assessed by whole-mount

evaluation and epithelial area) less to a mammogenic hormonal
growth stimulus than did the mammae obtained from mice fed
standard levels (5%) of fat. The suppression of mammary gland
development in mice fed diets deficient in fat has been previously
reported by Knazek ef a/. (22) and Miyamota ef a/. (23); these
studies did not, however, examine the comparative responsive
ness of the mouse mammae to a hormonal growth stimulus.

Although striking differences in mammary gland development
and hormone responsiveness were observed in mice fed 0% fat
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diets when compared to mice fed standard levels of fat (5%),
such differences were not nearly so evident when comparing the
mammary glands of mice fed standard levels of fat (5%) to those
fed high levels of fat (20%). Indeed, in saline-treated mice, the

degrees of mammary gland development in mice fed dietary fat
at the 5 and 20% levels were virtually identical; no discernible
morphological difference, judged by whole-mount evaluation,

could be seen in the mammae of the mice fed these diets. In
estradiohprogesterone-treated mice, mammary gland develop
ment appeared to be slightly enhanced in mice fed the high-fat

diet (20%) compared to mice fed the 5% fat diet, but this increase
did not quite reach the 5% level of statistical probability (P ~
7%). In both saline- and estradiol:progesterone-treated mice, the
number of [3H]thymidine-labeled epithelial cells was greater in

mammae derived from mice fed the high-fat diet (20%) than in

those fed the standard fat diets (5%), but this increase was not
as marked as the comparison in number of [3H]thymidine-labeled

cells in the mammae of mice fed the 0 and 5% fat diets.
Hormone-induced mammogenesis in vitro (organ culture), as

judged by whole-mount evaluation, was greater in mammae
derived from mice treated with saline and fed the high-fat diet

(20%) compared to mice fed the standard fat diet (5%); in
estradiohprogesterone-treated mice, mammae development was

numerically greater in mice fed the 20% fat diet compared to
mice fed the 5% fat diet, but this difference did not reach the
5% level of significance. Using a more objective technique of
quantitatively assessing hormone-induced mammogenesis in vi

tro, i.e., measurement of epithelial area (via an image analysis
system), it was observed that the epithelial area was increased
to a greater extent by hormones in mammae derived from mice
(saline and estradiohprogesterone treated) fed the high-fat diet

(20%) compared to mice fed the 5% fat diet, although in this
case, mammae derived from estradiol progesterone-treated mice

showed a greater response to mammogenic hormones than did
mammae derived from saline-treated mice. Combining the two
indices of assessing mammary gland development (whole-mount

evaluation scores and epithelial area), mammae derived from
mice fed high-fat diets (20%) responded greater to a hormonal

mammogenic growth stimulus than the mammae derived from
mice fed a standard level of dietary fat (5%). However, this
difference (20% fat versus 5% fat) in hormone responsiveness
is not nearly as striking as the difference observed when com
paring hormone responsiveness of mammae derived from mice
fed the 0 and 5% fat diets.

It should be emphasized that the technique used in these
studies to measure in vitro hormone responsiveness of mouse
mammae, derived from saline- and estradiohprogesterone-

treated mice fed three dietary levels of fat (0, 5, 20%), is
extremely sensitive and ideally suited for this type of investiga
tion. The sensitivity of the system is due primarily to the use of
paired (No. 2, thoracic) mammary glands. One gland of each pair
is cultured in the basal medium; the contralateral gland from the
same mouse is cultured in basal medium containing mammo
genic (growth-promoting) hormones. Thus, within each group of

mice (saline and estradiohprogesterone treated; 0, 5, and 20%
fat), each mouse serves as its own control. The differential
increase in hormone-stimulated mammae development and

growth (basal versus basal plus hormone) for each mouse in
each group is determined; mean differential increase for each
group is then computed and compared statistically. By using

paired mammary glands (from a single mouse), biological varia
tion is substantially reduced, thus maximizing detection of subtle
differences between group treatments.

The results presented in this paper clearly demonstrate the
necessity of dietary fat for normal mammary gland development;
animals which were depleted of fat stores (0% fat diet) had
atrophie mammary glands, and these glands were unable to
respond (or poorly responded) to a mammogenic hormonal
growth stimulus in vivo and in vitro. Whether or not a high-fat

diet (20%) can affect mammary gland development (and growth)
and/or hormone responsiveness when compared to diets con
taining standard levels of fat (e.g., 5%) is a more relevant and
pragmatic question, one which has not been thoroughly exam
ined. The high-fat diets used in these studies are comparable,

with regard to fat quantity, to the levels of fat contained in the
diets of humans in the western world (30, 31 ). The results of our
study suggest that such diets may indeed influence physiological
mammae activity, specifically, enhancement of mammae respon
siveness to a hormonal growth stimulus. In saline- and estra-
diohprogesterone-treated mice (in vivo and in vitro analyses),

numerical increases in mammary gland development and hor
mone responsiveness were observed in the mammae derived
from mice fed high-fat diets (20%), when compared to mice fed

standard levels (5%) of fat, in seven of the eight analyses
performed in this report. Although some of these numerical
increases did not reach the 5% level of statistical probability,
collectively these data provide evidence that high-fat diets, when

compared to diets containing standard levels of fat, do increase
mammae hormone responsiveness and/or developmental
growth processes. Enhancement of mammary gland responsive
ness to mammogenic hormones by high-fat diets may explain,
mechanistically, recent studies which suggest that high-fat diets
enhance the initiating stages of rat mammary gland carcinogen-
esis (19-21). Factors which enhance mammae proliferation and

growth almost invariably increase carcinogenic transformation
sensitivity (32). Whether or not the promoting effect of high-fat

diets on the early developmental growth of rodent mammary
tumors (10-12, 16-18) is comparable, mechanistically, remains

to be determined.
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Fig. 1. Representativewhole-mount of a mammarygland (No. 4, inguinal)from a female BALB/c mouse treated with salineand fed a 0% fat diet.
Fig.2. Representativewhole-mount of a mammary gland (No. 4, inguinal)from a female BALB/c mouse treated with estradiohprogesteroneand fed a 0% fat diet.
Fig.3. Representativewhole-mount of a mammary gland (No. 4, inguinal)from a female BALB/c mouse treated with salineand fed a 5% fat diet.
Fig.4. Representativewhole-mount of a mammarygland (No. 4, inguinal)from a female BALB/c mouse treated with estradiohprogesteroneand fed a 5% fat diet.
Fig.5. Representativewhole-mount of a mammarygland (No. 4, inguinal)from a female BALB/c mouse treated with saline and fed a 20% fat diet.
Fig. 6. Representativewhole-mount of a mammary gland (No. 4, inguinal)from a female BALB/c mouse treated with estradiol:progesteroneand fed a 20% fat diet.
Fig. 7. Representative whole-mount of a mammary gland (No. 2, thoracic) from a female BALB/c mouse treated with saline and fed a 5% fat diet: after 6 days of

organ culture in a basal medium.
Fig. 8. Representative whole-mount of a mammary gland (No. 2, thoracic) from a female BALB/c mouse treated with saline and fed a 5% fat diet: after 6 days of

organ culture in a basal medium containing mammogemchormones.
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