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Objective: To
����������������������������������������������������������������������������
evaluate the breast histomorphometric changes in rats treated with estro�
gen and/or progestogen for a short period of time. Methods: Forty oophorectomized
rats were divided into four groups: GC, vehicle; GE, treated with estradiol benzoate
(37.6 mg/animal); GP, treated with medroxyprogesterone acetate (11.2 mg/animal); and
GEP, treated with estradiol benzoate (37.6 mg/animal) plus medroxyprogesterone ac�
etate (11.28 mg/animal). In GE group, estradiol was administered subcutaneously for
seven days; in GEP group, estradiol was administered once in a day for the first seven
days and the progestogen over the next 23 days both subcutaneously. Twenty-four hours
after the last hormone administration, the animals were killed upon deep anesthesia and
the first inguinal breasts were removed, fixed in 10% formaldehyde and processed to be
included in paraffin, with the sections being stained by hematoxylin-eosin. Morphology
and the area occupied by mammary parenchyma were assessed, with the data under�
going analysis of variance followed by the Kruskal-Wallis test (p < 0.05). Results: The
control group breasts were found atrophic and, in GE and GEP group animals, typical
alveoli with secretion inside are present; in progestogen-treated animals (GP), alveoli
formed by large cells occupying almost the entire alveolar lumen are noted. Morpho�
metric analysis showed a larger mammary parenchyma area in hormone-treated ani�
mals (GE = GP > GEP > GC; p < 0.05). Conclusion: Estradiol and progestogen had a
proliferative effect on mammary parenchyma. However, prior estradiol administration
changes the progestogen action on rat mammary tissue.
Keywords: Breast; rats; estradiol; medroxyprogesterone 17-acetate; hormone replace�
ment therapy.
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Introduction
The transition from the reproductive period into the nonreproductive period in women, which is known as cli�
macteric, is marked by important endocrine, somatic, and
psychic changes due to the reduced ovarian hormone pro�
duction. This period landmark is menopause, where the
last menstruation date was 12 months before1,2.
For most women, this phase can bring symptoms such
as hot flashes, neuropsychiatric findings, vaginal dryness
and others3,4.
Replacement hormone therapy (HT) can provide sev�
eral benefits for women, especially in post-menopause,
and has been shown effective in alleviating the main symp�
toms resulting from hypoestrogenism5-7. However, the oc�
currence of long-term adverse effects by using estropro�
gestative therapy is reported, especially an increased breast
cancer risk8. Actually, many epidemiological studies have
reported an increased breast cancer risk, with this risk be�
ing higher when estrogen-progestogen combinations are
used than with estrogens alone9. The breast is a structure
responding variably to steroid hormones. Its hormonal in�
teraction is complex; sexual steroids can act by autocrine,
paracrine or endocrine routes. Under the action of these
steroid hormones, mammary tissue reaches its maximum
development10,11. The hormone action on target-organs re�
sults from their binding intracellular receptors, modulat�
ing gene expression and hence specific protein synthesis12.
There is evidence that estrogens stimulate ductal
growth13,14. However, for some authors, estrogens produce
breast epithelium atrophy15. Progestogens added to estro�
genic therapy do not reduce breast cancer risk. There is
further evidence that the combination might increase the
breast epithelial cell proliferation16.
However, whether the acute treatment with either es�
trogens and progestogens alone or the combined therapy
changes the breast proliferative pattern is debated. There�
fore, this paper aims at evaluating the histomorphologic
and histomorphometric effects of estrogen and/or pro�
gestogen therapy on the mammary tissue of oophorecto�
mized adult rats.

Methods
Forty Wistar (Rattus norvegicus albinus) EPM-1 lineage,
adult, virgin and 90-day-old rats provided by the Centro de Desenvolvimento de Modelos de Experimentação
(CEDEME) [Experimental Model Development Center]
at the Universidade Federal de São Paulo – Escola Paulista
de Medicina (Unifesp/EPM) were used. This study was ap�
proved by Unifesp/EPM Research Ethics Committee (Re�
port no. 0820/07).
The animals were maintained restricted to plastic cages
in the Histology and Structural Biology Discipline vivar�
ium (Unifesp/EPM) with a controlled room temperature
of 22°C and artificial lighting from fluorescent lamps, with
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a 12-hour light photoperiod (7 AM to 7 PM) and a 12hour dark photoperiod (7 PM to 7 AM); food and water
ad libitum.
After a seven-day period, all animals underwent bilat�
eral oophorectomy and 30 days later they were randomly
separated into four groups with 10 rats each, namely: GC,
the animals were treated with corn oil (vehicle); GE, the
animals were treated with estradiol benzoate (37.6 mg/
animal) subcutaneously for seven consecutive days; GP,
animals were treated with medroxyprogesterone acetate
(11.28 mg/animal) subcutaneously for 23 consecutive
days; GEP, animals were treated with estradiol benzoate
(37.5 mg/animal) for seven days followed by medroxypro�
gesterone acetate (11.28 mg/animal) for further 23 con�
secutive days. The hormones were administered in doses
similar to those used in post-menopaused women17.
Twenty-four hours after the last administration, all the
animals were given a xylazine (20 mg/kg) and ketamine
(100 mg/kg) mixture intraperitoneally injected and the
first inguinal pair of breasts was removed. Then the breasts
were fixed in 10% formaldehyde and processed 24 hours
later to be included in paraffin according to routine his�
tological methods. Four-micrometer (microtome LEICA
– RM 2145) serial sections were obtained from the blocks
and stained by hematoxylin and eosin for further histo�
morphologic and morphometric analysis. The area occu�
pied by mammary and adipose tissues was assigned for
morphometric analysis. The imaging retrieval system used
was made up by a light microscope (Carl Zeiss) attached
to a high resolution camera (AxioCam- MRC, Carl Zeiss)
and color video monitor (Samsung). The images acquired
were evaluated by the imaging analysis software AxionVi�
sion REL 4.6 by Carl Zeiss. For this purpose, the portion
occupied by mammary parenchyma and fat tissue was
delimited in an area of 380 x 103 mm each section. Four
near serial section were evaluated in each experimental
animal, with a total area of 152 x 103 mm2 being evaluated
in each study group. The analysis of variance (ANOVA)
and the Kurskal-Wallis test were used to analyze the re�
sults achieved. The analyses were carried out by using the
software Prisma (California, USA) and Excel (Microsoft).
In all statistical testing, significance levels of 5% were used
(a ≤ 0.05).

Results
A) Histomorphologic results: control group (GC) animal
breast showed a high fat tissue concentration and scanty
parenchyma where rudimentary ducts and alveoli could
be identified (Figure 1A). Within the latter, yellow pig�
ment-laden macrophages could be identified. Yet in the
estradiol-treated group (GE), a further developed paren�
chyma was observed, with dilated ducts and alveoli pre�
senting, the vast majority of them having an eosinophilic
material (secretion) inside (Figure 1B).
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In the group treated with progesterone alone (GP), we
noted numerous mitosis figures in the mammary paren�
chyma, with the cells being irregularly arranged. The ducts
were lined by either a single-layer or a stratified cylindri�
cal epithelium with dense connective tissue surrounding
them. On the other hand, alveoli were lined by a singlelayer cubic epithelium, whose rounded nuclei were dis�
placed down to the basal region and the cytoplasm was
eosinophilic. No secretion was identified inside the ducts
and/or alveoli (Figure 1C).
In the group treated with estradiol plus medroxypro�
gesterone (GEP), the histological feature was quite similar
to that in the estrogen-treated group, i.e., it was made up
by dilated ducts and alveoli containing a secretion inside.
In this group (GEP), we noticed the alveoli had a lower
size and the secretion present in the alveolus lumen was
scarcer (Figure 1D).
Figure 1 – Photomicrographs showing a portion of mammary
tissue from oophorectomized rats (A), estradiol-treated rats
(B), medroxyprogesterone-treated rats (C) or rats treated
with a estradiol plus medroxyprogesterone combination
(D). In A, a mammary duct and a rudimentary alveolus are
observed (arrow). Otherwise, in B and D, estradiol is noticed
to induce the formation of alveoli containing a secretion
inside, while medroxyprogesterone alone (C) induces
proliferation with no typical alveoli (Alv). H.E. 400X.

B) Morphometry: the achieved data regarding the
mammary parenchyma area in rats included in the several
study groups are expressed in Table 1.

Discussion
The information concerning the risks and benefits of
post-menopausal hormone replacement creates questions
and uncertainties. In spite of quantitative assessments for
signs, symptoms, psychosocial aspects and hormone treat�
ment use, there is little information about the individual
significance and Brazilian woman experience with these
issues. The current paper tried to reproduce this hormone
therapy effects by using estrogen and progestogen doses
equivalent to those usually used in post-menopausal hor�
mone replacement. For this purpose, an allometric cal�
culation was made by equating the dose according to the
rats’ weight and metabolism17.
From the hormone measurements used, our results
showed there is a smaller mammary parenchyma and pro�
liferation area in oophorectomized animals that were not
given hormones. However, a larger mammary parenchy�
ma was found in animals treated with either estradiol or
medroxyprogesterone over the group receiving estradiol
followed by medroxyprogesterone.
In animals receiving estradiol (all over the trial period
or only on the first days on hormone therapy), we noticed
alveoli containing a secretion inside. This fact would re�
sult from prolactin release by the pituitary gland under an
estrogenic action; there would still be a gonadotropin se�
cretion inhibition18-20. Actually, our results bear out biopsy
studies in post-menopausal woman breasts demonstrat�
ing higher epithelium proliferation in HT users compared
with a non-hormone user group21,22. In these studies, most
changes are found in the duct-terminal lobule unit where
most breast tumors develop.
Experimental studies have also proved proliferative
changes in 17-beta estradiol-treated rat breasts23. Some
patients are known to report breast symptoms, such as
breast pain, breast enlargement or increased consistency
on palpation, resulting from estrogen action, when they
are in the premenstrual phase. These phenomena are
likely due to the trophic stimulus occurring in the postmenopausal atrophic fibroglandular tissue24. Premeno�
pausal women are prone to have more ducto-glandular
and fibrous tissue in the breasts rather than fat tissue. This
ratio is inverted with time, reaching a postmenopausal
near complete replacement by fat tissue25.

Table 1 – Means, standard-deviations, and percentage of the area occupied by mammary parenchyma in oophorectomized
rats treated with estradiol, medroxyprogesterone or an estradiol and medroxyprogesterone combination
Study groups
Total occupied area 10 mm
3

2

% occupied area

GC

GE

GP

GEP

1,915.20 ± 133.30

11,948.72 ± 287.28

10,488.00 ± 342.21

7,546.80 ± 260.52

12.16

78.61

69.00

49.65

GC, control group; GE, estradiol group; GP, medroxyprogesterone group; GEP, estradiol and medroxyprogesterone-treated group (GE = GP >
GEP > GC; p < 0.05).
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In our study, the finding that rat breasts had a differ�
ent morphologic behavior in animals receiving estradiol
followed by medroxyprogesterone and in animals treated
with medroxyprogesterone alone was outstanding. Pro�
gestogen alone induced increased mammary parenchyma,
but with no typical alveolus formation. In contrast, the
behavior was quite different in animals previously treat�
ed with estradiol, as the alveoli were found more regular.
These data are in line with those achieved by molecular
and proteomic biology techniques, showing hormone
signaling serial activation on mammary epithelium is re�
quired for morphogenesis progression, i.e., for mammary
alveolus formation26.
Concerning the association between sexual hormones
and breast cancer before menopause, its assessment is
exceedingly difficult and hindered by the hormonal level
fluctuation occurred over the menstrual cycle. The rela�
tionship between breast cancer and estrogen levels in pre�
menopausal women could not be clearly demonstrated,
possibly because the latter are constantly above the limit
required to stimulate a breast cancer growth27. In con�
trast, the short-term relationship between hormone re�
placement in postmenopausal women and breast cancer
development is uncertain based on inconsistent results
in several studies. In studies indicating increased risk, it
is limited to the long term (> 5-10 years), being relatively
small (RR: 1.2-1.5)28.
Thus, new studies following this line are warranted and
their purpose should be to clarify the relationship between
breast cancer and postmenopausal hormone therapy dose
and duration.

Conclusion
Estradiol and medroxyprogesterone have a proliferative
effect on mammary parenchyma, although prior estradiol
administration changes the progestogen action on mam�
mary tissue in adult rats.

Acknowledgements
We are thankful to Professor Manuel de Jesus Simões, De�
partment of Morphology and Genetics, Universidade Federal de São Paulo – Unifesp.

References
1.

2.

3.

4.

Belkis T, Santos CG. Menopausa ou menopausas? Saúde Soc.
2005;14(1):91-100.
Chedraui P, Pérez-López FR, Aguirre W, Calle A, Hidalgo L, León-León P
et al. Perceived control over menopausal hot flushes in mid-aged women.
Gynecol Endocrinol. 2010;26(8):607-11.
Eskes GA, Longman S, Brown AD, McMorris CA, Langdon KD, Hogan
DB et al. Contribution of physical fitness, cerebrovascular reserve and
cognitive stimulation to cognitive function in post-menopausal women.
Front Aging Neurosci. 2010;2(1):137.
Galhardo CL, Soares JM Jr, Simões RS, Haidar MA, Rodrigues de Lima G,
Baracat EC. Estrogen effects on the vaginal pH, flora and cytology in late
postmenopause after a long period without hormone therapy. Clin Exp
Obstet Gynecol. 2006;33(2):85-9.

of rats treated with estrogen and/or progestogen

5.

Genazzani AR, Nicolucci A, Campagnoli C, Crosignani P, Nappi C, Serra
GB et al. Assessment
�����������������������������������������������������������
of the QoL in Italian menopausal women: compari�
son between HRT users and non-users. Maturitas 2002;42(2):267-80.
6. Lóránd T, Vigh E, Garai J. Hormonal action of plant derived and anthro�
pogenic non-steroidal estrogenic compounds: phytoestrogens and xen�
oestrogens. Curr Med Chem. 2010;17(30):3542-74.
7. Chen CL, Weiss NS, Newcomb P, Barlow W, White E. Hormone replace�
ment therapy in relation to breast cancer. JAMA 2002;287(6):734-41
8. Kerlikowske K, Cook AJ, Buist DS, Cummings SR, Vachon C, Vacek P et
al. Breast cancer risk by breast density, menopause, and postmenopausal
hormone therapy use. J Clin Oncol. 2010;28(24):3830-7.
9. Santen RJ, Allred DC, Ardoin SP, Archer DF, Boyd N, Braunstein GD et
al. Endocrine Society. Postmenopausal hormone therapy: an Endocrine
Society scientific statement. J Clin Endocrinol Metab. 2010;95(7 Suppl
1):s1-s66.
10. Nair R, Junankar S, OToole S, Shah J, Borowsky AD, Bishop JM et al.
Redefining the expression and function of the inhibitor of differentiation
1 in mammary gland development. PLoS One 2010;5(8):e11947.
11. Varas SM, Muñoz EM, Hapon MB, Aguilera Merlo CI, Giménez MS, Jahn
GA. Hyperthyroidism and production of precocious involution in the
mammary glands of lactating rats. Reproduction 2002;124(5):691-702.
12. Schmidt BM, Gerdes D, Feuring M, Falkenstein E, Christ M, Wehling M.
Rapid, nongnomic steroid actions: A new age? Front Neuroendocrinol.
2000;21(1):57-94.
13. Mauvais-Jarvis P, Kuttenn F, Gompel A. Estradiol/progesterone in�
teraction in normal and pathologic breast cells. Ann N Y Acad Sci.
1986;464(2):152-67.
14. Chang KJ, Lee TT, Linares-Cruz G, Fournier S, de Ligniéres B. Influences
of percutaneous administration of estradiol and progesterone on human
breast epithelial cell cycle in vivo. Fertil Steril. 1995;63(4):785-91.
15. Silva BB, Gebrim LH, Simões MJ, Baracat EC, Lima GR. Efeitos do ta�
moxifeno e dos estrogênios conjugados no epitélio mamário de ratas em
estro permanente. Rev Bras Ginecol Obstet. 2000;22(1):33-6.
16. Colditz GA, Hankinson SE, Hunter DJ, Willett WC, Manson JE, Stampfer
MJ et al. The use of estrogens and progestins and the risk of breast cancer
in postmenopausal women. N Engl J Med.1995;332(24):1589-93.
17. Vicelli JT, Gurgel MSC, Alvarenga M. Histologia mamária após uso de es�
teróides sexuais - estudo em ratas. Rev Assoc Med Bras 2006;52(5):369-74.
18. Scully KM, Gleiberman AS, Lindzey J, Lubahn DB, Korach KS, Rosenfeld
MG. Role of estrogen receptoralpha in the anterior pituitary gland. Mol
Endocrinol. 1997;11:674-81.
19. Gordon A, Garrido-Gracia JC, Aguilar R, Sánchez-Criado JE. Ovarian
stimulation with FSH in the rat reduces proestrous GnRH-dependent LH
secretion through a dual mechanism: inhibition of LH synthesis and re�
lease. Neurosci Lett. 2009;460(3):219-22.
20. Jean A, Gutierrez-Hartmann A, Duval DL. A Pit-1 threonine 220 phos�
phomimic reduces binding to monomeric DNA sites to inhibit Ras and
estrogen stimulation of the prolactin gene promoter. Mol Endocrinol.
2010;24(1):91-103.
21. Valadares AL, Pinto-Neto AM, Conde DM, Osis MJ, Sousa MH. Depoi�
mentos de mulheres sobre a menopausa e o tratamento de seus sintomas.
Rev Assoc Med Bras. 2008; 54(4):299-304.
22. Hofseth LJ, Raafat AM, Osuch JR, Pathak DR, Slomski CA, Haslam
SZ. Hormone replacement therapy with estrogen or estrogen plus me�
droxyprogesterone acetate is associated with increased epithelial prolif�
eration in the normal postmenopausal breast. J Clin Endocrinol Metab.
1999;84(12):4559-65.
23. Russo J, Russo IH. The role of estrogen in the initiation of breast cancer. J
Steroid Biochem Mol Biol. 2006; 102(1-5):89-96.
24. McNicholas MM, Heneghan JP, Milner MH, Tunney T, Hourihane JB,
Mac Erlaine DP. Pain and increased mammographic density in women
receiving hormone replacement therapy: a prospective study. AJR Am J
Roentgenol. 1994;163 (2):311-5.
25. Simões BM, Piva M, Iriondo O, Comaills V, López-Ruiz JA, Zabalza I et
al. Effects of estrogen on the proportion of stem cells in the breast. Breast
Cancer Res Treat. 2010 Sep 22. Epub ahead of print.
26. Brisken C, O´Malley B. Hormone action in the mammary gland. Cold
Spring Harb Perspect Biol. 2010;2(10):a003178.
27.	Travis RC, Key TJ. Oestrogen exposure and breast cancer risk. Breast
Cancer Res. 2003;5(5):239-47.
28. Humphrey LL. Hormone replacement therapy and breast cancer. Rock�
ville (MD): Agency for Healthcare Research and Quality; 2002.

Rev Assoc Med Bras 2011; 57(2):174-177

177

