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Effects of continuous ethinylestradiol and drospirenone
administration on body mass and mammary gland in female mice
fed a standard or high-fat diet
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ABSTRACT

Combined oral contraception (COC) is used by millions of women worldwide, but some studies suggest it may increase the risk of breast cancer. Overweight and obesity have reached epidemic levels and are also
risk factors for mammary gland neoplasms. This study evaluated the effects of a COC containing ethinylestradiol (EE2) and drospirenone (DRSP) on reproductive organs, particularly the histopathology of inguinal
mammary glands in reproductively active female mice fed a standard diet (SD) or high-fat diet (HFD). Adult Swiss female mice received either SD or HFD and were treated daily by gavage with distilled water [control
(CTL)-SD and CTL-HFD] or 0.6 ug EE2 and 60 pg DRSP (COC-SD and COC-HFD) for 65 days. COC treatment disrupted the estrous cycle, with vaginal smears showing fewer squamous cornified cells but more
leukocytes, deep cells, and mucus, characteristic of metestrus and proestrus. At the end of the experiment, COC-SD females showed body weight (BW), inguinal white adipose tissue (WAT) mass, and uterus and
ovary weights similar to CTL-SD. HFD increased BW and WAT mass without altering uterus and ovary weights. COC reduced HFD-induced BW and WAT gain but increased uterus weight in COC-HFD females.
Morphological analysis of mammary glands revealed no pathological signs or structural changes in acini, ducts, or lumens due to COC or diet. Notably, COC-HFD females had smaller white adipocytes than CTL-
HFD, while beige adipocyte levels remained unchanged across groups. These findings suggest that EE2 and DRSP may regulate HFD-induced obesity without adversely affecting mammary gland morphology.

KeyWOrdS: mammary gland; obesity; oral contraceptives.

RESUMO

Contraceptivos orais combinados (COC) sio utilizados por milhdes de mulheres, mas estudos sugerem que podem aumentar o risco de cancer de mama. Sobrepeso e obesidade, também fatores de
risco para neoplasias mamarias, atingiram proporgdes epidémicas. Este estudo avaliou os efeitos de um COC com etinilestradiol (EE2) e drospirenona (DRSP) sobre 6rgaos reprodutivos, especialmente
as caracteristicas histopatolégicas das glandulas mamarias inguinais em camundongos fémeas adultas sexualmente ativas alimentadas com dieta padrao (SD) ou hiperlipidica (HFD). As fémeas Swiss
receberam SD ou HFD e, por 65 dias, gavagem didria de agua destilada [controle (CTL)-SD e CTL-HFD] ou 0,6 ug EE2 + 60 pg DRSP (COC-SD e COC-HFD). O COC alterou o ciclo estral, com
esfregacos vaginais indicando redugao de células escamosas e aumento de leucécitos, células profundas e muco, tipicos de metaestro e proestro. No fim do experimento, COC-SD apresentou peso corporal
(PC), massa de tecido adiposo branco (TAB) inguinal e pesos uterino e ovariano semelhantes aos CTL-SD. A HFD aumentou o PC e o TAB, sem afetar ttero e ovarios. O COC atenuou esses aumentos
na HFD, mas elevou o peso uterino em COC-HFD. A anélise morfoldgica das glandulas mamérias nao mostrou alteragdes patologicas ou estruturais em acinos, ductos ou luz. COC-HFD apresentou
adipdcitos brancos menores que CTL-HFD, enquanto a quantidade de adipdcitos bege permaneceu inalterada. Esses achados sugerem que EE2 e DRSP podem regular a obesidade induzida por dieta
rica em gordura sem afetar negativamente a morfologia das glindulas mamarias.

PalaVraS-ChaVe: glandula mamaria; obesidade; contraceptivos orais.
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INTRODUCTION

Oral contraceptives are the most prevalent con-
traceptive method among Brazilian women aged 15
to 49 years (UNITED NATIONS, 2024). These con-
traceptives can be composed of both an estrogen and
a progestin, known as combined oral contracepti-
ves (COCs), or containing only a progestin. Natural
and synthetic estrogens may be used in COC formu-
lations, with ethinylestradiol (EE2) being the most
utilized estrogen. Progestins are classified into gene-
rations based on their time of market introduction.
Drospirenone (DRSP) is a fourth-generation progestin
derived from spironolactone that exhibits antiandro-
genic and antimineralocorticoid properties that beside
of its antigonadotropic and antiovulatory actions,
DRSP may contribute to reduced water retention
and mitigation of hirsutism (Fuhrmann et al., 1996;
Krattenmacher, 2000; Muhn et al., 1995; Rosenbaum
etal., 2000).

Evidence suggests that the use of COCs may reduce
the risk of certain gynecological cancers; however, it
has also been associated with an increased risk of
some types of breast cancer in young and premeno-
pausal women (Baranska, 2022; Fitzpatrick et al., 2023;
Graafland, Abbott e Accordino, 2020). Despite this,
research on the effects of different COC formulations
on mammary health remains limited, and the impact
of COCs containing EE2 and DRSP on the mammary
gland is largely unexplored. Previous studies have
shown that DRSP, when administered together with
estradiol in ovariectomized mice, increases side-
-branch formation and mammary gland proliferation
at doses higher than those used in COCs. In perime-
nopausal women, hormone therapy with estradiol and
DRSP for 12 months has been associated with increa-
sed breast density (Kiran et al., 2011). Similarly, in
postmenopausal women, such hormone therapy has
been linked to increased breast density due to the
proliferation of breast epithelial cells (Hirschberg
etal., 2019).

Overweight and obesity have reached epidemic
proportions worldwide (World Obesity Federation,
2024). These conditions increase the risk of various
cancers, including breast cancer (Cao et al., 2024;
Hillers-Ziemer e Arendt, 2020; Nguyen et al., 2023).
This increased risk may be attributed to alterations
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in mammary gland tissue proliferation and apopto-
sis rates, inflammation, dysregulation of adipokines,
and extracellular matrix remodeling (Hillers-Ziemer
e Arendt, 2020). However, the combined impact of
obesity and COC use on mammary gland health and
breast cancer development remains largely unex-
plored. One study reported that, in postmenopausal
women, obesity and hormonal contraceptive use ten-
ded to increase the percentage of aggressive breast
cancers, although the findings were not statistically
significant (Agustin e Barokah, 2019). This study aims
to evaluate the effects of a combined oral contracep-
tion (COC) composed of ethinylestradiol (EE2) and
drospirenone (DRSP) on reproductive organs, with a
particular focus on the histopathological features of
the inguinal mammary glands in reproductively active
female mice fed either with a standard diet (SD) or a
high-fat diet (HFD).

MATERIALS AND METHODS

Ethical considerations in animal experimentation

The study was conducted in accordance with
Brazilian legislation on procedures for the scientific
use of animals of the Phylum Chordata, Subphylum
Vertebrata (excluding humans; Federal Law 11.794
of October 8, 2008) and the current normative reso-
lutions of the National Council for the Control of
Animal Experimentation (CONCEA) of Ministry of
Science, Technology, and Innovation of Brazil. It was
approved by the Ethics Committee on Animal Use of
the Federal University of Rio de Janeiro under proto-
col number MACO039.

Experimental groups

Adult female Swiss mice (aged 80 to 100 days) were
collective cages housed in the Rodent Experimental
Facility (DBPio, Multidisciplinary Center, UFR]J-
Macaé) under controlled conditions of temperature
(21 £ 2°C), humidity, and light cycles (lights on: 7 am
to 7 pm). For 65 days, the female mice were fed on a
standard diet (SD; Nuvilab CR1, Quimtia, Colombo,
PR, BRA) or high-fat die (HFD) and daily received a
gavage of 200 pL of distilled water (control (CTL)-SD
and CTL-HFD groups) containing or not 0.6 ug of EE2
and 60 pg of DRSP (COC-SD and COC-HFD groups,
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respectively). Throughout the experimental period, the
female mice had free access to their respective diets
and filtered water.

The contraceptive used was a COC commercial
tablet containing 30 ug of EE2 and 3 mg of DRSP
(EMS Pharma, Hortolandia, SP, BRA). The conver-
sion of this dose used in humans to the corresponding
dose in mice was performed using allometric calcu-
lation (Freitas e Carregaro, 2013) to approximate the
daily concentration ingested by a woman who weighs
60 kg. The HFD was prepared using SD, which pro-
vided 3.8 kcal/g, of which 9% was derived from fat
(Nuvilab CR1, Quimtia, Colombo, PR, BRA). This
chow was ground into a powder and mixed with lard
(Aurora, Chapeco, SC, BRA) to increase the lipid con-
tent. Additionally, protein content was adjusted by
adding purified casein (Synth, Diadema, SP, BRA),
and essential fatty acid levels were balanced with
soybean oil (Bunge Alimentos, Sdo Paulo, SP, BRA).
The HED provided 5.6 kcal/g, with 60% of the energy
coming from lipids.

Estrous cycle analysis

Vaginal cytology was collected biweekly and on
the day of euthanasia using a spatula inserted into the
vaginal opening, obtaining a smear by rotating it 360°.
The sample was spread on pre-identified glass slides,
which were immediately fixed in 95% alcohol and
later stained using the Papanicolaou method. Vaginal
cytology analysis is based on the response of vaginal
epithelium to hormonal stimulation. This evaluation
determines the estrous cycle phase, which in mice
comprises four phases: estrus, metestrus, diestrus,
and proestrus. Each phase lasts an average of one day,
and a complete estrous cycle occurs every four days
(Raimondi et al., 2024).

Euthanasia and collection of inguinal mammary
glands and uterus weights collection

Euthanasia of CTL and COC groups began on the
65th day of experimental period. As the administration
of COC can interfere in the secretion of gonadotro-
pins and ovarian steroids in COC groups, the CTL-SD
and CTL-HFD females were euthanized only at the
meta-estrus phase of the estrous cycle phase, since the
plasma concentrations of gonadotrophins, estrogen,
and progesterone can be near to that is induced by oral
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contraception (Smith, Freeman e Neill, 1975). To con-
firm this, vaginal smears were collected from CTL-SD
and CTL-HFD females on the day of the euthanasia
using 0.9% saline solution and observed under light
microscopy (Olympus CX31) (Oliveira et al. 2019). At
the day of euthanasia, CTL and COC female mice were
weighed, anesthetized with isoflurane, and then sub-
mitted to decapitation. The skin of the inguinal region
was cut and the right and left inguinal white adipose
tissues (WAT) containing the mammary glands, were
dissected and weighed. Subsequently a laparotomy
was performed to access the uterus which was exci-
sed and weighed.

Histopathological and Histomorphometric
Analysis of the Mammary Gland

The inguinal WAT containing the mammary
glands of CTL and COC females that fed on a SD or
a HFD was fixed in 10% Carson's formalin for 48 h.
The tissues were then dehydrated in ethanol, cleared in
xylene, and embedded in paraffin. Sections of 5 um in
thick were obtained and stained with hematoxylin and
eosin (H&E). A general descriptive analysis was per-
formed by observing the histological sections stained
with H&E under an optical microscope (Novel BM
2100, China) to examine the structure of mammary
ducts and acini, adipose and connective tissue, as
well as the presence of pathological features such as
hyperplasia, dysplasia, neoplasia, atrophy, apoptosis,
necrosis, mitosis, calcifications, lipofuscin accumula-
tion, cellular vacuolization, and secretion.

For histomorphometric analysis of the mammary
glands, one section per female mouse, and five fields
per section stained with H&E were photographed with
a digital camera (Tucsen USB 2.0 H series, China) cou-
pled to a light microscope (Novel BM 2100, China) at
200 x magnification. The histomorphometric analysis
of the mammary gland also included the quantifica-
tion of percentage areas of mammary components.
To determine the percentage areas in each mammary
gland image, a grid of points was applied to the image
using the “Grip plugin” of the software Image] (https://
imagej.net/ij/). The duct-acini, WAT-muscle, lumen
structures overlapped by the points in the grip were
manually counted and registered. The number of
duct-acini, WAT-muscle, lumen structures per field
analyzed were multiplied by 100 and divided by the
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number of points in whole gland. Afterward, the
total percentage of mammary gland, WAT/muscle
areas was calculated by summing the duct-acini or
WAT/muscle areas from the five analyzed fields and
dividing the total by five (Pompei et al., 2005).

For adiposity analysis, five random fields of the
inguinal WAT containing the mammary gland sec-
tion from each female mouse were photographed at
400x magnification in a light microscope (Novel BM
2100, China) coupled to a light microscope (Novel BM
2100, China). The horizontal and vertical diameters of
12 adipocytes distributed in each field were manually
measured using the "line" tool of the Image] software
(https://imagej.net/ij/).

Histomorphometric Analysis of the Mammary
Gland by Whole Mount

After euthanasia, the right inguinal WAT contai-
ning mammary glands were stretched on silanized
slides and pressed. They were then fixed in 10%
Carson's formalin for 24 h, and then dehydrated in
100% alcohol for 30 min, rehydrated in descending
alcohol solutions and stained with toluidine blue
for 12h followed by dehydratation and clearing with
xylene for 24h. Subsequently five randomly fields per
mammary gland were photographed at 200x magnifi-
cation in a light microscope (Novel BM 2100, China)
coupled to a light microscope (Novel BM 2100, China).
For each mammary gland field, a grid of points was
applied with the aid of the Image] software (https://
imagej.net/ij/). The total number of points relative to
all structures of the mammary gland covered by the
grip was counted, multiplied by 100, divided by the
total number of points in the grip, and then divided
by the number of analyzed fields to obtain a mean.
Also, the number of points covering the branches or
alveoli of the mammary gland was manually counted
and recorded, and the mean total of these structures
across the five analyzed fields was determined. (Tolg,
Cowman e Turley, 2018).

Gene Expression

Fragments of inguinal WAT containing the
mammary gland were subjected to total RNA extrac-
tion using Trizol® (ThermoFisher, Waltham, MA,
USA). Samples of 1 pg of RNA were used for reverse
transcription to synthesize complementary DNA
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(cDNA) using random primers, 100 mM DTT, 10 mM
dNTP mix, and 200U of SuperScript IT enzyme. Real-
time polymerase chain reactions were performed in
a final volume of 10 pL, containing 12.5 ng of cDNA,
3 pM of primers, and Sybr Green PCR Master Mix
(Applied Biosystems, Waltham, MA, USA), and detec-
ted using the 7500 Real-Time PCR system (Applied
Biosystems, Waltham, MA, USA). Gene expression
was determined using the 2-AACT method, and the
relative mRNA expression of each target gene in this
study was normalized to the expression of the glyce-
raldehyde-3-phosphate dehydrogenase (Gapdh) gene.
The genes examined play a crucial role in unders-
tanding the physiological changes that occur in the
mammary gland following hormone exposure in the
context of obesity. Their expression provides insight
into processes such as hormonal signaling and energy
metabolism (Adrf1, Adrp3), regulation of apoptosis
(Bcl-2), and mechanisms of cell proliferation and
differentiation (Igf-2, Cyclin D1). Notably, the dysre-
gulation of certain genes has been frequently linked
to the development of mammary tumors (Casimiro
et al., 2013; Conway et al., 2023; Derossi et al., 2003;
Valentine et al., 2022). The genes analyzed and the
sequences of the primers used are shown in Table 1.

Statistical analysis

Data are presented as means + SEM. The results
were evaluated for normal distribution using the
Shapiro-Wilk test. Subsequently the variances were
compared using parametric (one-way ANOVA follo-
wed by Tukey's post-test) or non-parametric analysis
(Kruskal-Wallis followed by Dunn's). The significance
level was set at p < 0.05.

RESULTS AND DISCUSSION

General reproductive and biometric features of
control (CTL) and combined oral contraception
(COCQ) females that fed on a standard diet (SD) or a
high-fat diet (HFD)

The effectiveness of hormonal treatment with con-
traceptive hormones can be evaluated through vaginal
smears, as sex hormones act on the vaginal epithelium,
among other target tissues, and COC administration
alters the typical cycling pattern. In pigtail macaques
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the administration of EE2 and levonorgestrel gra-
dually led to the loss of the non-nucleated layer in the
vaginal epithelium (Dietz Ostergaard et al., 2015). In
accordance, the administration of estradiol and pro-
gesterone demonstrated to increase the number of
leukocytes, deep cells and mucus in vaginal smears
of rat at reproductive age and in ovariectomized rats
(Henriques, 2013). The same estrous cycle effect was
observed in Wistar female rats treated with combi-
ned injectable contraceptive composed of estradiol
valerate and norethisterone enanthate (NERY et al.,
2021). Thus, throughout the experimental period, the
estrous cycle was monitored to assess the previously
mentioned effect of COC. In agreement with these
literature data and with whose was observed in a study
that administered EE2 and DRPS for 35 days to female
mice (Gouveia et al., 2020), COC treatment in both
COC-SD and COC-HED groups stopped cycling nor-
mally, and the vaginal cytology plateaued, showing
characteristics of the metestrus and proestrus pha-
ses, as shown in Figure 1. Is possible to observe that
vaginal smears of COC-SD and COC-HFD females
exhibited little cornified squamous cells, higher leu-
kocytes and mucus (characteristic of metestrus), and
increased number of deep cells slightly grouped (cha-
racteristic of proestrus). On the other hand, vaginal
smears collected from CTL-SD and CTL-HFD female
mice exhibited all four phases of the estrous cycle. As
shown in Figure 1, the metaestrus phase recorded
on the day of euthanasia for CTL-SD and CTL-HFD
females is characterized by cornified squamous cells,
leukocytes, and mucus. Therefore, the changes in the
estrous cycle observed in the COC groups indicated
an expected COC effect on vagina. Additionally, the
results demonstrated that the type of diet consumed
did not interfere with this effect.

As observed in a previous study that treated female
mice with EE2 and DRSP for 35 days (Oliveira et al.,
2019), here, the prolongation of COC treatment for 65
days also did not alter BW in COC-SD females (Fig.:
2A). In addition, COC administration did not change
the weight of inguinal WAT containing the mammary
glands (Fig.: 2B), and the weight of uterus (Fig.: 2C) or
ovary (Fig.: 2D) of COC-SD females, when compared
to CTL-SD. It is important to mention that another
effect of COC administration on reproductive organs
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is the increase in uterus weight (Dietz Ostergaard et
al., 2015; Dixon et al., 2024; Oliveira et al., 2019), but
here, despite of a trend toward to increase in uterus
weight of COC-SD (Fig.: 2C), it was not significant
different from CTL-SD (p = 0.14). On the other hand,
in accordance with previous studies (Figueiredo et
al., 2020; Oliveira et al., 2020), HFD consumption
increased BW and the weight of the inguinal WAT
in CTL-HFD, in comparison with CTL-SD females
(p <0.05and p < 0.001; Fig.: 2A and 2B). As recently
reported by our research group (Chaves et al., 2025),
here we observed that COC administration combined
with HFD intake attenuated HFD-induced increases
in BW and in the weight of inguinal WAT (Fig.: 2A
and 2B). In addition, COC-HFD females displayed
higher uterus weight, than that observed in CTL-HFD
(p <0.0001; Fig.: 2C). This effect may be linked to the
hormonal effect of the COC in uterus, which mani-
fest in part due to estrogenic actions of the synthetic
hormone that composes the COC (CLEUREN et al.,
2010). No differences in ovary weight were observed
among COC-HFD and CTL-HFD females (Fig.: 2D).

Notably, a previous study reported that EE2 and
levonorgestrel administration to C57Bl/6 female mice
attenuated the obesogenic effects of an HFD on BW
and adiposity but also caused liver injury (Fuller et
al., 2022). Literature provides limited information on
the effects of COC administration on obesity develop-
ment. The sex hormones used in COCs may influence
metabolism; for instance, estradiol administration
has been shown to increase energy expenditure in
female mice fed an HFD (Al-Qahtani et al., 2017).
Additionally, DRSP administration to female mice has
been reported to attenuate HFD-induced increases in
body adiposity (Armani et al., 2014). Thus, it is pos-
sible that both EE2 and DRSP in the COC used in
this study exerted metabolic effects that mitigated the
obesogenic impact of the HFD. However, it is impor-
tant to emphasize that our results do not support the
use of EE2 and DRSP as a strategy for body weight
reduction in obesity. Obesity is a known risk factor for
insulin resistance, and EE2 and DRSP administration
in female mice has also been identified as a poten-
tial contributor to this condition, as demonstrated by
Oliveira et al. (Oliveira et al., 2019). This highlights
the necessity for further investigations into the effects
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Figure 1 — Representative images of Papanicolaou-stained vaginal smears collected on the
day of euthanasia from control (CTL) and combined oral contraceptive (COC) treated female
mice fed with a standard diet (SD) or high-fat diet (HFD).
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*), leukocytes (sinalized by 1), and cornified squamous cells (sinalized by % ). In the COC-SD and COC-HFD groups, hormonal
stimulation by the combined oral contraceptive altered vaginal cytology, showing clusters of deep epithelial cells (sinalized by
circles), combined with leukocytes (1) and mucus (*). Scale bars =100 pm.

Figure 2 — Body weight (BW), weight of inguinal white adipose tissue (WAT) containing
mammary glands, uterus, and ovary of control (CTL) and combined oral contraceptive
(COC) treated female mice fed with a standard diet (SD) or high-fat diet (HFD).
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(n =14), COC-SD (n =10) and COC-HFD female mice (n = 19). Lines over the bars indicate statistical differences among the
groups for the gene indicated. * p < 0.05, ** p < 0.001 and *** p < 0.0001. Data were analyzed using one-way ANOVA

followed by Tukey's post-test, except for data in D, which were compared using the Kruskal-Wallis test followed by Dunn's
post-test.

NUTRIVISA — REVISTA DE NUTRIGAO E VIGILANCIA EM SAUDE 6 REVISTA DE NUTRIGAO E VIGILANCIA EM SAUDE, V.12:E15667. 2258



https://doi.org/10.52521/nutrivisa.v12il.15667

of EE2 and DRSP on intermediary metabolism and
whether their metabolic impact is accompanied by
impairments in overall body homeostasis.

Mammary glands and inguinal adipose tissue mor-
phology and molecular evaluation of control (CTL)
and combined oral contraception (COC) females that
fed on a standard diet (SD) or a high-fat diet (HED).

The use of contraceptives has been related to increa-
sing the risk to mammary gland neoplasias (Fitzpatrick
et al., 2023). In fact, estrogens and progestins may
regulate mammary gland cellular proliferation and
differentiation (Pompei et al., 2005), however the
literature has limited information about the effects of
COC on morphology of this gland. In a study with
rats treated with a combined injectable hormonal
contraceptive, mammary hyperplasia was observed
(Henriques, 2013), which is associated with an increa-
sed risk of developing breast cancer (Smolarek et al.,
2013) . Another studyusing 1 mg estradiol and 2 mg
DRSP in perimenopausal women for 12 months has
been linked to the increased breast density in mammo-
graphy (Kiran et al., 2011). Regarding DRSP effects,
a previous study demonstrated that the subcutaneous
administration of 100 ng/kg of estradiol with DRSP,
whose doses vary from 0.8 to 180 mg/kg, in C57Bl/6
female mice dose dependently regulates the prolifera-
tion and structure of the mammary glands (Otto et al.,
2008). Thus, here the effect of EE2 and DRSP admi-
nistration to female mice in a dose near of those used
by women can be observed in Figure 3. In the qua-
litative histopathological analysis was observed that
CTL and COC groups, independently of the diet inges-
ted, displayed similar morphological characteristics of
the mammary glands, exhibiting acini and ducts with
slight luminal dilation and a small amount of secre-
tion, without lipid droplets. Ducts and acini presented
a cuboidal epithelium with one to two cell layers, fea-
turing eosinophilic and non-vacuolated cytoplasm.
No pathological alterations such as hyperplasia, dys-
plasia, neoplasia, atrophy, apoptosis, necrosis, mitosis,
calcifications, lipofuscin accumulation, or cellular
vacuolization were observed among CTL and COC
females that fed on a SD or an HFD (Fig.: 3A).

Additionally, COC treatment did not change the
percentage of the duct and acini (Fig.: 3D) and lumen
(Fig.: 3E) areas, or the total percentage of mammary
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gland (Fig.: 3F), or fat-muscle areas (Fig.: 3G and 3H)
in the inguinal WAT of COC-SD and COC-HFD fema-
les, when compared to CTL-SD and CTL-HFD groups,
respectively. In agreement with these histopathological
and histomorphometric analysis, whole mount histo-
logy revealed similar morphological features of the
mammary glands of CTL and COC females that fed
on a SD or an HFD, presenting ducts and acini with
no histopathological findings (Fig.: 3B). COC treat-
ment did not change the N. of branches (Fig.: 3I) and
alveoli per field (Fig.: 3]), or the percentage of branches
and alveoli (Fig.: 3K and 3L) between the COC-SD
and CTL-SD females. HFD intake led to a significant
reduction only in the N. of branches/field in CTL-HFD
group (p < 0.05; Fig.: 3I), despite total branches in the
mammary glands of these females was like CTL-SD
(Fig.: 3K). COC treatment with HFD intake did not
change the N. or percentage of branches and alveoli in
mammary glands of COC-HFD, when compared to
CTL-HFD (Fig.: 3B, 31-3L). Therefore, these histopa-
thological findings indicates that the COC composed
for EE2 and DRSP when administered at a dose similar
of those used by women, at least for 65 days, did not
change the morphology of mammary glands in female
mice, independently of the diet ingested.
Additionally, to the mammary gland tissue analy-
sis, we performed an evaluation of the structure of
the adipose tissue present in inguinal WAT, as can be
seen in Figures 3C and 3M. COC treatment did not
alter the size of white adipocytes of COC-SD fema-
les, when compared to CTL-SD (Fig.: 3C and 3M). In
accordance with previous studies (Gao, Ma e Liu, 2015;
Kubota et al., 1999), HFD intake led to white adipo-
cyte hypertrophy in CTL-HFD (p < 0.05; Fig.: 3C and
3M). COC treatment attenuated HFD-induced white
adipocyte hypertrophy in inguinal WAT of COC-HFD
females, since this group showed similar white adipo-
cyte diameter of that observed for COC-SD females
(Fig.: 3C and 3M). Recently we demonstrated that
EE2 and DRSP administration for 65 days attenuated
HFD-induced increase in adiposity, an effect possi-
ble linked to a higher thermogenic action in brown
adipose tissue (Chaves et al., 2025). In accordance,
previously it was demonstrated that treatment with
DRSP can lead to browning of the inguinal WAT
(Armani et al., 2014). Here, we investigated the area
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Figure 3 — Histopathological analysis of the inguinal WAT containing mammary glands
of control (CTL) and combined oral contraceptive (COC) treated female mice fed with a

standard diet (SD) or high-fat diet (HFD).
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Representative histological sections stained with H&E or whole mounting images from the inguinal WAT containing the
mammary glands of CTL and COC female mice thatfed on a SD or an HFD. (A) arrows (1) = presence of ducts and acini of
the mammary glands stained with H&E. Scale bars =100 pm. (B) branches and alveoli of the mammary glands submitted
to whole mounting and stained with toluidine blue. Scale bars = 400 um. (C) circle (o) = groups of beige adipocytes in
inguinal WAT stained with H&E; triangule (a) = hypertrophic white adipocytes in inguinal WAT of CTL-HFD females.
Data are means + SEM of the percentage of duct and acini (D), lumen (E), total mammary gland (F), fatand muscle (G) and
total WAT and muscle areas (H), and of N. of branches (I) and alveoli per field analyzed (J), and of the percentage of
branches (K) and alveoli of the mammary gland (L), and diameter of white adipocytes from inguinal WAT of CTL-SD (n =
17), CTL-HFD (n = 14), COC-SD (n =10) and COC-HFD female mice (n =19). Lines over the bars indicate statistical differences
among the groups for the gene indicated. * p < 0.05. Data was analyzed using Kruskal-Wallis test followed by Dunn's post-

test.

occupied by beige adipocytes in this adipose tissue
depot and observed the presence of these cells in only
3 CTL-SD, 2 CTL-HFD, 4 COC-SD, and 3 COC-HFD
females. Furthermore, the total area occupied by beige
adipocytes in inguinal WAT containing mammary
glands showed a tendency to vary among groups but
was statistically similar: CTL-SD = 1032.0 + 622.0,
CTL-HFD =75.6 + 50.7, COC-SD = 920.9 + 481.3 and
COC-HFD = 848.4 + 587.6 um. This suggests that bro-
wning appears to be an intrinsic feature of mammary
tissue that was not altered by COC or diet treat-
ments in our study.

(CCBY 4.0)  NuUTRIvIsa- ISNN: 2357-9617

As sex hormones regulates various signa-
ling pathways in mammary glands and adipose
tissue metabolism (Arendt e Kuperwasser, 2015;
Wawrzkiewicz-Jalowiecka, Lalik e Soveral, 2021),
here we also investigated whether at molecular levels
of some important genes involved in cellular prolifera-
tion in mammary tissues, as Igf-2, Ciclin D1 and Bcl-2
(Alimkhodjaeva et al., 2023; Bates et al., 1995), and
in WAT lipolysis, were modified by COC treatment
(figure 4). Despite the mRNA amounts of Igf-2, Ciclin
D1, Bcl-2, showed a trend to vary among experimen-
tal groups, no statistically significant differences were
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Figure 4 - Expression of genes involved in mammary gland trophism and lipid
metabolism in the inguinal WAT containing mammary glands of control (CTL) and

combined oral contraceptive (COC) treated female mice fed with a standard diet (SD) or

high-fat diet (HED).
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Data are means + SEM of the relative mRNA expression of Igf-2, Ciclin D1, Bcl-2, Adrg1 and Adrg3 in the inguinal WAT
containing the mammary glands of CTL-SD (n = 6), CTL-HFD (n = 6), COC-SD (n = 6) and COC-HFD female mice (n = 6).

observed among COC and CTL groups. This result is
consistent with our histopathological findings, which
did not show mammary alterations related to cell pro-
liferation and apoptosis. The cyclin D1, IGF-2, and
bcl-2 genes play significant roles in mammary gland
development and the pathology of breast cancer. These
genes play a crucial role in mammary gland prolifera-
tion and apoptosis; therefore, they are linked to the
tumorigenesis process (Boutinaud et al., 2004;
Casimiro et al., 2013; Conway et al., 2023; Derossi et
al., 2003; Kotsifaki et al., 2024; Lee, Tocheny e Shaw,
2022; Liu et al., 2022; Menezes, Oliveira e Barreto,
2021; Tiwari e Kaur, 2025). In our study, the absence
of changes in the expression of these genes demons-
trates the safety of this contraceptive in the obesity
model. However, studies using this protocol for a lon-
ger period would be necessary to confirm this effect.
Notably, a previous study demonstrated that 6 mg/kg
DRSP administration to female C57Bl/6 mice increa-
sed Adrp3 mRNA levels in subcutaneous WAT
(Armani et al., 2014). However, here, Adrpl and
AdrP3 genes exhibited a similar expression profile
among CTL and COC females that fed on a SD or an
HFD. Thus, further investigations are necessary to
demonstrate how EE2 and DRSP alone and in

(CCBY 4.0)  NuUTRIvIsa- ISNN: 2357-9617

combination may regulate lipid metabolism in subcu-
taneous WAT at obesogenic conditions.

Considering the high prevalence of hormonal con-
traceptive use in Brazil and the progressive increase in
obesity rates among women, it is essential to investigate
the effects of these agents in altered metabolic contexts.
Obesity is associated with a chronic inflammatory
state and changes in the metabolism of sex steroids,
leading to elevated circulating levels of estrogen and
adipokines—factors that promote cellular proliferation
and are implicated in breast carcinogenesis, particu-
larly in postmenopausal women (Iyengar et al., 2016;
Lauby-Secretan et al., 2016). Simultaneously, epi-
demiological evidence indicates that current use of
hormonal contraceptives, particularly combined for-
mulations and those containing only progestins, is
associated with a modest but significant increase in
breast cancer risk (March et al., 2017; Skovlund et
al., 2016) (Morch et al., 2017; Skovlund et al., 2018).
Given the convergence of these factors (obesity and the
use of exogenous hormones), both independently lin-
ked to increased breast cancer risk, future studies must
evaluate their combined effects in an integrated man-
ner, especially using experimental models. Such an
approach may support safer and more individualized
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regarding contraceptive counseling for women who
are overweight or obese.

CONCLUSION

In summary, continuous administration ofa COC
composed of EE2 and DRSP in female mice at repro-
ductive age attenuated HFD-induced increases in BW
and inguinal WAT. However, this effect was not asso-
ciated with changes in the number of a more metabolic
active adipocytes, as beige adipocytes in the inguinal
fat depot, or alterations in Adrpl and Adrp3 gene
expressions, which encode key receptors involved in
adipocyte lipolysis. The absence of histopathological,
histomorphometric, and molecular changes in the
mammary glands of COC-SD and COC-HFD females
suggests that EE2 and DRSP, at the doses and dura-
tion used in this study, may be considered safe in this
experimental model.
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