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ABSTRACT

Artibeus lituratus is an important species of bat of the Phyllostomidae family. Despite its wide distribution, detailed studies on

the mammary gland of this species are lacking. Therefore, this study aimed to evaluate the development, lactation, and

hormonal regulation of the mammary gland of A. lituratus during different reproductive stages, with an emphasis on estradiol

and progesterone signaling. Fifteen sexually mature adult females were collected, divided into three sample groups based on

their reproductive status and subjected to anatomical, histological, morphometric, and immunohistochemical analyses. The

results revealed that the mammary gland of A. lituratus exhibited a pattern very similar to that of other mammals. However,

some notable differences were observed, including an epithelium composed of epithelial, basal, and myoepithelial cells, as well

as continuous remodeling, branching, and renewal of the gland during lactation, accompanied by marked epithelial cell death.

The branching of the mammary gland during advanced pregnancy appears to be stimulated by elevated serum estradiol levels,

which promote ductal proliferation via ERa activation, and by increased progesterone levels, which, through PR activation and
in conjunction with prolactin, stimulate side branching and alveolar development.

1 | Introduction

Mammary glands are epidermal appendages that evolved from
apocrine glands and exhibit a branched tubule-alveolar mor-
phology (Biswas et al. 2022). Their principal function is milk
secretion (Biswas et al. 2022). During puberty, under hormonal
stimulation from the pituitary and the ovaries, these glands
grow and branch — the only organ with this capacity (Macias
and Hinck 2012; Inman et al. 2015). During gestation,

mammary glands develop and begin to secrete milk, a substance
essential for newborn nutrition (Biswas et al. 2022). After the
lactation, however, these glands tend to involute, especially in
wild mammalian species (Macias and Hinck 2012).

Given the high susceptibility of human mammary glands to
cancer — breast cancer being the second leading cause of death
among women (Brisken and O'malley 2010) — the female
mammary tissue has been extensively studied, particularly
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regarding its structure, development, and both normal and
pathological function (Macias and Hinck 2012). In general,
mammary gland development follows a similar pattern across
most mammalian species. It begins during fetal life, with the
formation of placodes and the emergence of a rudimentary
ductal structure — events that occur prenatally. At puberty,
under the influence of sex hormones, this rudimentary struc-
ture undergoes ductal elongation, branching morphogenesis,
and the formation of lactiferous, intermediate, and terminal
ducts. During pregnancy, the combined actions of progesterone
and prolactin drive further branching and alveolar differentia-
tion, resulting in a developed ductal tree. During lactation, the
sucking stimulus of the newborn triggers the maturation of the
gland and the secretion of milk (Biswas et al. 2022). After
weaning, the absence of suckling initiates the involution pro-
cess, wherein the gland is remodeled back to its pre-pregnancy
state (Biswas et al. 2022; Macias and Hinck 2012; Richert
et al. 2000). The extent of involution varies among species — it
is less pronounced in humans and cows, where glandular tissue
remains evident, or more pronounced in wild species
(seasonally breeders), such as bats, where the glands may nearly
disappear (Crichton and Krutzsch 2000).

Despite these interesting characteristics, the mammary glands
of bats remain poorly studied, especially in relation to their
morphophysiology and hormonal regulation.

In recent decades, males of the bat Artibeus lituratus have been
used as an experimental model in ecotoxicological studies,
especially to assess the reproductive impacts of various pesti-
cides (Amaral et al. 2012; Brinati et al. 2016; Machado-Neves
et al. 2018; Freitas et al. 2021; Oliveira et al. 2022). Similarly,
recent works have shown that the female reproductive system
of A. lituratus shares several similarities with humans, includ-
ing an elongated, cylindrical, and simplex uterus; simple, uni-
lateral, and non-preferential ovulation; fundic and interstitial
implantation; and a discoidal, hemochorial chorioallantoic
placenta (Rodrigues et al. 2019). Additionally, this species ex-
hibits similar hormonal fluctuations during pregnancy, with
significant and gradual increases in estradiol and progesterone
levels from early to late gestation (Santiago et al. 2020).

The selection of A. lituratus as an experimental model is not
arbitrary. It is one of the best-known species within the Phyl-
lostomidae family, widely recognized for its adaptability to
inhabit large urban areas and has broad geographic distribu-
tion, ranging from Mexico to northern Argentina (Reis
et al. 2007). Although primarily frugivorous (Fleming 1986;
Galetti and Morellato 1994; Passos and Graciolli 2004), A. li-
turatus can also consume floral parts, insects, and nectar
(Sazima et al. 1994). Due to their capacity to fly long distances
during foraging, these bats are important seed dispersers, con-
tributing to habitat regeneration and playing a key role in
ecological succession and restoration (Muller and Reis 1992;
Passos and Passamani 2003).

Due to its great ecological importance, its use as an experi-
mental model (Rodrigues et al. 2019; Santiago et al. 2020), and
the marked involution of its mammary glands, a more in-dept
investigation into the organization, morphophysiology, and
function of the mammary glands of A. lituratus is extremely

important and urgent. Such research would provide valuable
support for experimental studies and serve as a scientific
foundation for the development of reproductive management
strategies for this species.

Thus, the aim of this study was to characterize the morphology,
branching, development, lactation, and hormonal regulation of
the mammary glands of A. lituratus during its different repro-
ductive phases (nonreproductive [NON], advanced pregnant
[AP], and lactating [LAC]), and to evaluate how these glands
are modulated by serum levels of estradiol and progesterone.

2 | Materials and Methods
2.1 | Capture and Licenses

All specimens were collected in the urban area of Sdo José do
Rio Preto, located in the northwest region of Sdo Paulo State,
Brazil, (49W22'45" 20S49'11"), between September 2013 and
August 2014. Bats were captured at night using mist nets
(3 x 6 m), strategically positioned to intercept bats flying 1-3 m
above the ground. The nets were placed close to fruit trees,
along potential flight routes or at the exits from shelters.

After removal from the nets, specimens were placed in indi-
vidual cages (40 X 20 X 20 cm) and transported to the labora-
tory, where they were kept in a specific room in the dark at
25°C-30°C, with water provided ad libitum. On the morning
following capture, the bats were euthanized, processed, and
fixed.

The captures were authorized by the Brazilian Institute of En-
vironment and Renewable Natural Resources (Instituto Brasi-
leiro do Meio Ambiente e dos Recursos Naturais Renovaveis —
IBAMA - Process: 21707-1). All experimental procedures
complied with the Animal Research: Reporting of In Vivo Ex-
periments (ARRIVE) guidelines; were conducted according to
the National Institutes of Health Guide for the Care and Use of
Laboratory Animals (NIH Publications N°. 8023, revised 1978),
and approved by the animal experimentation ethics committee
of the Sdo Paulo State University (CEUA-UNESP, Process: 013/
09). Access to Genetic Legacy was approved by the Genetic
Legacy Management Council of the Brazilian Ministry of the
Environment (Process: AA38F12).

2.2 | Species, Experimental Design and Aging

This study focused on A. lituratus, a bat species that is not listed
as endangered by the Red List of Threatened Species of the
International Union for Conservation of Nature (IUCN).

Fifteen sexually mature adult females of A. lituratus were col-
lected and divided into three sample groups (n =35 per group)
based on their reproductive status, according to Rodrigues et al.
(2019): (a) nonreproductive (NON), specimens showing
undeveloped nipples, minimal abdominal circumference, and
absence of fetus; (b) advanced pregnancy (AP), specimens with
undeveloped nipples, enlarge abdominal circumference, and
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the presence of a well-developed fetus; and (c) lactating (LAC),
specimens with developed nipples, reduced abdominal cir-
cumference, and absence of a fetus.

Since A. lituratus inhabits specific roosts with a harem social
organization, composed of few specimens (8 to 16 individuals
per colony), the capture of specimens can directly affect
population structure and dynamics. Therefore, the number
of specimens collected in this study was carefully deter-
mined as a balance between the minimum number required
to perform statistically significant analyzes and the maxi-
mum number permitted by IBAMA to avoid disrupting
colony integrity.

The adult females were identified based on body weight,
the degree of wear of the coat and teeth, and the complete
ossification of the metacarpophalangeal epiphyses (De Knegt
et al. 2005; Rodrigues et al. 2019; Santiago et al. 2020; Beguelini
et al. 2020, 2021).

The mammary glands of each specimen were subjected to his-
tological, morphometric, and immunohistochemical analyses.

2.3 | Processing of Animals

For standardization, on the morning following capture, the
bats were euthanized by deep dissociative anesthesia, which
consisted of a mixture of ketamine (370 mg/kg; Dopalen-
Vertebrands, Paulinia, SP, Brazil) and xylazine (16 mg/kg;
Rompun-Bayer S.A., Sdo Paulo, SP, Brazil) applied at 0.1 mL
per 50g of body weight (0.08 mL ketamine plus 0.02 mL
of xylazine). After confirmation of death, the mammary
glands (right and left) were removed and processed for
analysis.

Other materials were removed from all analyzed specimens for
future molecular (lung, kidney, liver, and muscle) and repro-
ductive (ovary, uterus, uterine tubes, and vagina) evaluations.
After all materials had been removed, the bats were fixed in a
10% aqueous formaldehyde solution for 48 h, stored in a 70%
aqueous alcohol solution, and deposited in the Scientific
Chiroptera Collection of the Department of Zoology and Botany
of IBILCE/UNESP (DBZ-UNESP), current Department of Bio-
logical Sciences, where they will be available for taxonomic-
systematic studies.

TABLE 1 | Antibody table.

2.4 | Histology

The mammary glands were immersed in methanol, chloroform,
and acetic acid (6:3:1) fixative solution for 3h at 4°C; dehy-
drated in ethanol; cleared in xylene; and embedded in paraffin
(Histosec - MERK, Darmstadt, Germany). Histological Section
(4 um thick) were stained with hematoxylin and eosin - H&E,
periodic acid and Schiff, alcian blue, Masson's trichrome, and
Gomori's reticulin (Ribeiro and Lima 2000), or submitted to
immunohistochemistry.

2.5 | Morphometry

The mammary glands were evaluated to determine the relative
percentage of the epithelium, lumen, and stroma (stereology). The
analysis was performed using the Image-Pro-Plus software, version
6.0 (Media Cybernetics®) for Windows®. The data were collected by
applying the M130 multipoint test system, according to Weibel
(1963), with 130 points in the system. For this analysis, 20 fields of
the H&E-stained slides were randomly selected for each specimen.
The relative frequency of each component was calculated according
to the points of the test system that touch the analyzed component,
that is, the epithelium, lumen, and stroma. Adipose tissue was
considered to belong to the stroma.

2.6 | Immunohistochemistry

Histological sections were deparaffinized, rehydrated, and
submitted to antigen retrieval in citrate buffer (pH 6.0) at 92°C.
Endogenous peroxidases were blocked using a solution of 10%
hydrogen peroxide in methanol, and nonspecific antibody
binding was blocked using 3% bovine serum albumin. The
sections were incubated with primary antibodies against
(Table 1) estrogen receptor a (ERa — rabbit polyclonal anti-ERa,
MyBioSource, Cat# MBS316681, RRID:AB_10577585), proges-
terone receptor (PR — mouse monoclonal anti-PR (F-4), Santa
Cruz Biotechnology Cat# sc-166169, RRID:AB_2166687), pro-
liferating cell nuclear antigen (PCNA - mouse monoclonal
anti-PCNA, Santa Cruz Biotechnology Cat# sc-56, RRI-
D:AB_628110), activated caspase-3 (mouse monoclonal
anti-Caspase-3, Santa Cruz Biotechnology Cat# sc-56053,
RRID:AB_781826), the basal cell marker - P63 (P63 - mouse
monoclonal anti-P63 [4A4], Santa Cruz Biotechnology Cat#

Antibodies

Source

Identifier

Rabbit polyclonal anti-ERa

Mouse monoclonal anti-PR

Mouse monoclonal anti- PCNA
Mouse monoclonal anti-Caspase-3
Mouse monoclonal anti-P63

Mouse monoclonal anti-a-actin

MyBioSource

Santa Cruz Biotechnology

Santa Cruz Biotechnology
Santa Cruz Biotechnology
Santa Cruz Biotechnology

Santa Cruz Biotechnology

Cat# MBS316681
RRID:AB_10577585

Cat# sc-166169
RRID:AB_2166687

Cat# sc-56, RRID:AB_628110
Cat# sc-56053 RRID:AB_781826
Cat# sc-8431 RRID:AB_628091
Cat# sc-32251 RRID:AB_262054
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sc-8431, RRID:AB_628091), and a-actin (mouse monoclonal
anti-a-actin (1 A4), Santa Cruz Biotechnology Cat# sc-32251,
RRID:AB_262054). After primary antibody incubation, the
sections were incubated with a specific polymer (Post Primary
Block and Polymer, Novocastra, Newcastle Upon Tyne, UK,
DAKO Envision™ + Duallink system-HRP, K4061). The im-
munoreaction was visualized with diaminobenzidine (DAB,
Sigma, St. Louis, MO), and the sections were counterstained
with Harry's hematoxylin. Negative controls were performed
the same way as described above, except the primary antibody
was omitted. The reactions were performed in triplicate.

The relative percentage of ERa, PR, PCNA, and Caspase-3 positive
and negative cells in the epithelium and stroma was determined
using measurement fields of the entire length of the slides.

2.7 | Statistical Analysis

The data are expressed as the mean and standard deviation. All
data were initially submitted to normality test (Shapiro-Wilk
test). Parametric data were submitted to one-way analysis of
variance (ANOVA) and, subsequently, to a Tukey test for
multiple comparisons, whereas non-parametric data were sub-
mitted initially to a Kruskal-Wallis test followed by Dunn's test.
All analyses were performed using the Statistica 7.0 program
(Statsoft® Inc., Tulsa, USA). A p value of <0.05 was considered
to indicate a statistically significant difference.

3 | Results
3.1 | Gross Anatomy

Artibeus lituratus has a pair of mammary glands, located in the
axillary region, under the arms (Figure 1A,B). Due to this

anatomic positioning, the glands are typically in direct contact
with the axillary lymph nodes (Figure 2A). Anatomically, NON
and AP females exhibit small nipples, generally covered by hair
(Figure 1A), whereas LAC females presents well-developed
nipples, usually devoid of surrounding hair (Figure 1B).

3.2 | General Histology

The mammary glands of A. lituratus were surrounded by a
variable amount of unilocular adipose tissue and exhibited a
highly ramified tubule-alveolar morphology, which branched
into lobes that were not fully distinct (Figure 2A). The lactif-
erous ducts were wide tubules that originated at the nipples,
surrounded by a thick sheath of connective tissue (Figure 2B,C),
and lined by an epithelium with a double layer of cuboidal cells
(Figure 2C,D). These lactiferous ducts branched throughout the
gland and differentiated into smaller intralobular/intermediate
ducts (Figure 2E), which presented epithelium with one or two
layers of cells (Figure 2F). The intralobular ducts branched
throughout the entire gland, immersed in adipose tissue, dif-
ferentiating at their ends into terminal ductules (Figure 2E).
During lactation, these terminal ductules differentiate into
secretory alveoli responsible for milk production (Figure 2G).
The alveoli were lined by an epithelium composed of cuboidal
secretory cells, scattered basal cells, and a compact outer layer
of myoepithelial cells (Figure 2H).

Similarly to other mammals, milk secreted into the
alveolar lumen of A. lituratus may present polymorphonuclear
neutrophils (Figure 2I). The milk also showed large amounts of
PAS-positive glycoproteins (Figure 3A,B) and acidic mucins
(Figure 3C,D), both produced and released by the secretory
cells.

The stroma of the mammary glands of A. lituratus varied in
thickness, with a thick layer of collagen fibers around the

FIGURE 1 | General pattern of the mammary gland of Artibeus lituratus in different reproductive phases. (A) Lateral view of a NON female.
Mammary gland located in the axillary region, under the arm (white arrow), with small nipple covered with hair. (B) Lateral view of a LAC female.

Well-developed nipple with no surrounding hair (white arrow).
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FIGURE 2 | General pattern of the mammary gland of Artibeus lituratus. Histological sections stained with hematoxylin and eosin. (A) Overview of the
mammary gland in an AP female. Close relation of the mammary gland to the axillary lymph node. Great amount of unilocular adipose tissue coating a
ramified tubule-alveolar gland (arrows), which branch into lobes that are not fully distinct. (B-D) Lactiferous ducts in LAC females. Lactiferous ducts are wide
tubules surrounded by a thick sheath of connective tissue (arrows, B,C) and lined by an epithelium with a double layer of cuboidal cells (arrowheads, C,D).
(E,F) Intralobular/intermediate ducts in LAC females. Intralobular ducts are smaller tubules that present epithelium with one or two layers of cells (F).
(G-I) Terminal ductules in LAC females. Presence of milk in the lumen of the terminal ductules (arrows, G), which fully differentiate into secretory alveoli in
LAC females. Secretory alveoli are lined by an epithelium (H) composed of cuboidal secretory cells, sparse basal cells and a compact outer layer of
myoepithelial cells (arrowhead, H). Milk secreted in the lumen may present a certain amount of polymorphonuclear cells, mainly neutrophils (arrows, I).
(At, adipose tissue; B, basal cell; Id, intralobular/intermediate duct; L, lumen; Ld, lactiferous duct; LN, lymph node; S, secretory cell; Td, terminal ductules).
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FIGURE 3 | Histological sections of the mammary gland of LAC females of Artibeus lituratus stained with periodic acid-Schiff (PAS, A, B),
Alcian Blue (C, D), Masson's trichrome (E-G) and Gomori's reticulin (H-J). (A, B) Terminal ductules. Milk both in the lumen (A) and that secreted
by secretory cells (B) present a large amount of PAS-positive glycoproteins (arrows). (C, D) Terminal ductules. Milk both in the lumen (A) and that

secreted by secretory cells (B) present acidic mucins (arrows). (E) Connective tissue surrounding the lactiferous duct. Greater quantity of collagen
fibers (arrows) and few muscle fibers (arrowheads). (F) Connective tissue surrounding the intermediate duct. Smaller amount of collagen fibers
(arrows). (G) Connective tissue surrounding the terminal ductules. Thin layer of collagen fibers (arrow). (H) Connective tissue surrounding the
lactiferous duct. Highly intricate network of reticular fibers (arrowheads) and the greater quantity of type I collagen fibers (arrows) surrounding
the lactiferous duct. (I) Connective tissue surrounding the intermediate duct. Highly intricate network of reticular fibers (arrowheads) surrounding
the intermediate duct. (J) Connective tissue surrounding the terminal ductules. Thin and highly intricate network of reticular fibers (arrowheads)
surrounding the terminal ductules. (Id, intermediate duct; Ld, lactiferous duct; Td, terminal ductules).

lactiferous (Figure 3E) and intermediate ducts (Figure 3F), and
a much thinner layer between the terminal ductules
(Figure 3F,G). Gomori's reticulin staining revealed a highly
intricate network of reticular fibers around all ductal structures
of the mammary glands, including the lactiferous (Figure 3H),
intermediate ducts (Figure 3I) and terminal ductules
(Figure 3J). In contrast, type I collagen fibers were more
abundant only around the lactiferous ducts (Figure 3H).

Immunohistochemistry for p63 confirmed the presence of basal
cells in the epithelium of the ducts of all analyzed groups
(Figure 4A-C); while myoepithelial cells did not express this
marker. Figure 4D shows the negative control for the p63 im-
munoreaction. Immunohistochemistry for a-actin showed that
myoepithelial cells formed a continuous outer layer surround-
ing the epithelium of the ducts of all analyzed groups
(Figure 4E-H), while basal cells did not express this marker.
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FIGURE 4 | Histological sections of the mammary gland of Artibeus lituratus submitted to immunoreaction for the p63 (A-D) and for a-actin
(E-I). (A, E) NON females. (B, F-G) AP females. (C, H) LAC females. (D, I) Negative controls. Immunohistochemical reaction to the basal cell
marker (p63) confirmed the existence of basal cells in epithelium of terminal ductules (arrows, A-C). Immunoreaction for a-actin demonstrates that

myoepithelial cells form a continuous outer layer around the epithelium (arrows, E-H).

Figure 4I shows the negative control for the o-actin
immunoreaction.

3.3 | Development, Branching, and Involution

The mammary gland of NON females was poorly developed,
with only a few ducts located near the nipple. These ducts ex-
hibited few branches, which were interspersed within a rich
stroma, composed of a broad layer of connective tissue and
covered by a large amount of adipose tissue (Figure 5A,B). The
ducts were lined by a poorly organized epithelium (Figure 5C).
The adipocytes had a more elongated shape, with large and
rounded nuclei; however, many cells already showed initial
signs of lipid accumulation, becoming more rounded in shape
(Figure 5D).

The mammary gland of AP females presented a more developed
morphology, with ducts that branched through fully developed
adipose tissue (Figure 5E,F). Differentiation into lactiferous and
intermediate ducts, and terminal ductules was evident, as well as
alveolar differentiation in a few regions of the gland (Figure 5G).
However, these alveoli remained small, with poorly defined lumens
(Figure 5G,H).

The mammary gland of LAC females showed marked morpholog-
ical variability, even within the same gland, presenting up to five
distinct alveolar morphophysiological types identified (Figure 5J).
The first type included differentiated alveoli with turgid cells
(Figure 5I), some showing an accumulation of intracytoplasmic
secretions, while others already secreted into the lumen (Figure 5K).
The second type was characterized by larger mature secretory
alveoli with well-structured epithelium and wide lumen, which
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FIGURE 5

Legend on next page.
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contained milk secretion (Figure 5L). The third type presented an
accentuated decrease in the height of the secretory epithelium,
presenting flattened cells and rare foci of milk secretion
(Figure 5M). The fourth type comprised a disorganized epithelium,
which presented some foci of cell death, with the detachment and
release of epithelial cells into the lumen (Figure 5N,0). Some alveoli
did not even retain their epithelial cell lining (Figure 5N,0). The last
type corresponded to areas of alveolar branching and development
that occurred on the periphery of other already fully developed
alveoli. These new alveoli presented epithelium that was still being
organized and a barely evident lumen (Figure 5P).

The mammary glands of all A. lituratus groups presented a large
number of foci of infiltrated blood cells (Figure 5Q), which
could be seen dispersed in the stroma (Figure 5Q), in the lumen
with milk (Figure 2K), or associated with the lactiferous ducts.

3.4 | Stereology

The stereology of the mammary glands of NON and AP females
revealed similar results (Figure 6A,C). In both groups, the stroma
was predominant (NON: 95.42 + 3.5%; AP: 79.92 + 7.76%), but
the epithelium (NON: 3.99 + 6.5%; AP: 16.59 + 6.1%) and lumen
were not abundant (NON: 0.58 + 1.1%; AP: 3.47 + 2.34%). How-
ever, when the amount of epithelium and lumen were combined
in these groups (NON=4.57; AP=20.06) — representing
the functional portion of the gland — the values quadrupled in
the AP females, which indicates substantial tissue remodeling
and stimulation/preparation for lactation. Conversely, in LAC
females (Figure 6D) there was a significant decrease in
the amount of stroma (19.18 + 5.72%) and concomitant signifi-
cant increases in epithelium (38.67+5.98%) and Ilumen
(42.14 +10.94%).

3.5 | Immunohistochemistry

3.51 | Estrogen Receptor o (ERc)

The epithelial (secretory and basal cells) and stromal cells of the
mammary gland of A. lituratus exhibited ERa immunoreactivity

(Figure 7A-E). The reactivity varied significantly among the
analyzed groups (Figure 7A). The epithelium of the ducts of
NON (Figure 7B) and AP females (Figure 7C) presented
respectively 38.43+16.75% and 25.78+6.29% ERa+ cells
(Figure 7A), with no significant difference among these groups.
However, LAC females (Figure 7D) displayed significantly
fewer ERa+ cells in the epithelium ducts, with 8.5+ 5.54%.
Conversely, the stroma of the mammary glands of NON females
(Figure 7A) presented a significantly higher percentage of ERa
+ cells (52.42 + 11.43%) compared with the AP (22.91 + 14.04%)
and LAC females (4.25+5.71%). In the LAC females, only
8.5+ 5.55% of the epithelial cells in the alveoli expressed ERa
(Figure 7A and E). The inset in Figure 7E shows the negative
control for the ERa immunoreaction.

3.5.2 | Progesterone Receptor (PR)

The epithelial (secretory and basal cells) and stromal cells of the
mammary gland of A. lituratus showed PR immunoreactivity
(Figure 7F-I). There were significant variations among the
analyzed groups (Figure 7F). In the epithelium of the ducts,
NON (Figure 7G) and AP females (Figure 7H) presented
93.17 +4.02% and 90.44 + 7.68% PR+ cells (Figure 7F) respec-
tively, with no significant difference between the groups.
However, LAC females presented significantly fewer PR+ cells
(50.1 £+ 19.95%). Similarly, the stroma of the mammary glands of
the NON (Figure 7G) and AP (Figure 7H) females showed
similar percentage of PR+ cells, 66.02+7.48% and
58.66 +12.75% PR+ cells (Figure 7F), respectively, but with a
significant decrease in the immunoreactivity in the stroma of
LAC females, with 31.12+17.75% PR+ cells (Figure 7I). In
turn, the alveoli of LAC females presented PR+ cells in only
26.35 +15.33% of their epithelial cells (Figure 7F and I). The
inset in Figure 7I represents the negative control for the PR
immunoreaction.

3.5.3 | Proliferating Cell Nuclear Antigen (PCNA)

The epithelial (secretory and basal cells) and stromal cells of the
mammary gland of A. lituratus presented PCNA immunoreactivity

FIGURE 5 | Histological sections of the mammary gland of Artibeus lituratus stained with hematoxylin and eosin. (A-D) NON females.

Mammary gland is poorly developed, being composed of few ducts (arrows, A) interspersed within a rich stroma and covered by a large amount of
adipose tissue (A, B). The ducts are lined by a poorly organized epithelium (C) and the adipocytes have a more elongated shape, but with an initial
accumulation of lipids (arrow, D). (B) is a schematic drawing representing the little branching of the glandular epithelium in the adipose tissue of
NON females. (E-H.) AP females. The mammary gland presents a more developed morphology, with ducts that branch in all directions through the
adipose tissue (E, F). The beginning of ductal differentiation, with some terminal ductules differentiating into alveoli, which is composed of small
and still barely evident lumen (G, H). (F) is a schematic drawing representing the large number of branches of the ducts and the formation of the first
alveoli in AP females. (I-Q). LAC females. LAC females present up to five different types of alveolar morphophysiologies: the first formed by large
differentiate alveoli (I), with turgid cells, which already secrete into the lumen (arrows, K); the second is characterized by large alveoli with uniform
and well-structured epithelium (arrows) and wide lumen, which contains milk (arrowheads, L); the third has flattened cells and rare foci of secretion
(arrows, M); the fourth is composed of a disorganized epithelium, which presents some focus of cell death, with the detachment and release of
epithelial cells into the lumen (arrowheads, N, O). Some alveoli did not even retain their cell lining (arrows, N, O); the last corresponds to new areas
of alveolar branching and development (arrowheads, P) that occurs on the periphery of other already fully developed alveoli (arrow, P). The
mammary gland of A. lituratus has a large number of inflammation/infiltration foci (arrow, Q). (J) is a schematic drawing demonstrating the
predominance of secretory alveoli, some regions with loose epithelial cells in the lumen, at the same time as new regions of branching in the
mammary gland of LAC females. (At, adipose tissue; L, lumen; S, stroma; Td, terminal ductules). In the schematic drawings, the yellow circle
represents adipose tissue, the black lines represent glandular branches and the pink circle represents the associated axillary lymph node.
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FIGURE 6 | Stereology (amount of epithelium, lumen and stroma) of the mammary glands of Artibeus lituratus. (A) Graph showing the

stereology (amount of epithelium, lumen and stroma). Data were expressed as means and standard deviations. Different letters indicate statistically
significant differences (Kruskal-Wallis at p < 0.05; n = 5). (B) Histological section of the mammary gland of a NON female stained with hematoxylin
and eosin. (C) Histological section of the mammary gland of an AP female stained with hematoxylin and eosin. (D) Histological section of the

mammary gland of a LAC female stained with hematoxylin and eosin.

(Figure 8A-E). The epithelium of the ducts of the NON (Figure 8B)
and LAC females (Figure 8D) had similar percentage of PCNA+
cells, showing 1.71+2.74% and 4.17+5.96%, respectively
(Figure 8A). However, AP females presented significantly more
PCNA+ cells, with 58.12+10.81% (Figure 8C). Similarly, the
stroma of the mammary glands of NON (Figure 8B) and LAC
(Figure 8D,E) females exhibited similar percentage of PCNA+ cells,
with 3.63 +3.86% and 10.05 + 11.75%, respectively (Figure 8A), but
there was a significant increase in the stroma of AP females, with
26.87 + 23.75% PCNA+ cells (Figure 8C). In turn, the alveoli of LAC
females presented PCNA in only 5.06 +4.61% of their epithelial
cells (Figure 8A and E). The inset in Figure 8E represents the
negative control for the PCNA immunoreaction.

3.54 | Activated Caspase-3 (Caspase-3)

The results showed that both epithelial (secretory and basal cells)
and stromal cells of the mammary gland of A. lituratus exhibited
Caspase-3 immunoreactivity (Figure 8F-K). There was significant
variation among the analyzed groups (Figure 8F). The epithelium of
the ducts of NON (Figure 8G) and AP females (Figure 8I) presented
similar percentage of Caspase-3+ cells, showing 2.15 +2.41% and
8.53 + 5.54% cells, respectively (Figure 8F). However, there was a
significant increase in the ducts of LAC females, with
29.68 & 26.24% Caspase-3+ cells (Figure 8F and J). Similarly, the
stroma of the mammary glands of NON (Figure 8H) and AP
(Figure 8I) females presented similar values, 4.86 +8.99% and

7.44 +7.35% Caspase-3+ cells, respectively (Figure 8F), but there
was a significant increase in the stroma of LAC females, with
24.96 + 15.85% Caspase-3+ cells (Figure 8J). In turn, the alveoli of
LAC females present the highest percentage, 70.8 + 16.54% of their
epithelial cells expressed this protein (Figure 8A and E). The inset in
Figure 8J represents the negative control for the Caspase-3
immunoreaction.

4 | Discussion
41 | Morphology and Development

The mammary gland of adult NON females of the bat A. litur-
atus consists of a rudimentary, quiescent tree of ducts, sur-
rounded by abundant unilocular adipose tissue and fibrous
stroma. This pattern is similar to that observed in virgin females
of the bat Carollia perspicillata (Evarts et al. 2004) and in non-
lactating females of other mammals, such as Nasua nasua
(Casals et al. 2013) and Meriones unguiculatus (Leonel
et al. 2017). In A. lituratus, the rudimentary lactiferous ducts
exhibited few branches concentrated in a single region of the
axillary mammary gland. This axillary positioning appears to be
an exclusive characteristic of certain bat species (Evarts
et al. 2004; Cardiff and Allison 2012; Beguelini et al. 2020).

During pregnancy, the mammary gland undergoes progressive
ductal branching driven by epithelial cell proliferation,
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accompanied by a reduction in adipose tissue. At the end of
pregnancy, alveolar differentiation begins, marked by pre-
secretory activity where epithelial cells synthesize and store
milk components, such as protein, lipids, and lactose
(Nandi 1958; Cardiff et al. 2018). Similarly, the lactiferous ducts
of AP females of A. lituratus show increased branching and
initial alveolar formation. However, these alveoli remain small
and poorly developed, presenting a barely evident lumen
without milk. This pattern differs from that reported for the bat
Mpyotis nigricans (Beguelini et al. 2020) and the rodent Mus
musculus (Richert et al. 2000), in which alveoli are already well
developed and filled with milk by the end of gestation.

The beginning of the lactation is characterized by intense
secretory activity (Evarts et al. 2004; Cardiff et al. 2018). The
newborn's sucking stimulus induces the contraction of myoe-
pithelial cells and release of the milk from the alveoli and ducts.
This continuous stimulation maintains the functionality of the
gland (Richert et al. 2000; Neville 2001; Gjorevski and
Nelson 2011; Sriraman 2017). Similarly to most mammals
(Evarts et al. 2004; Bellatine et al. 2010; Casals et al. 2013), LAC
females of A. lituratus exhibit mammary glands rich in milk-
secreting alveoli, sparse stroma, and minimal adipose tissue
confined to the periphery of the gland. This architecture re-
sembles that of C. perspicillata (Evarts et al. 2004) and M. ni-
gricans (Beguelini et al. 2020), and M. unguiculatus (Leonel
et al. 2017), but differs from mice, where few alveoli are sur-
rounded by abundant adipose tissue (Evarts et al. 2004).

Despite these similarities, the mammary gland of LAC females
of A. lituratus is not a completely homogeneous organ. The
presence of newly branching areas (indicative of alveolar dif-
ferentiation) alongside regions of tissue degeneration suggests
ongoing remodeling during lactation. This continuous renewal
may sustain milk production throughout the lactation period.

Proper mammary development and functional differentiation
into milk-producing organs are totally dependent on epithelial-
stromal interactions (Robinson et al. 1999). The mammary
stroma contains different cell types, such as adipocytes, fibro-
blasts, and leukocytes — many of which produce factors that
modulate epithelial proliferation and differentiation (Gouon-
Evans et al. 2000). Leukocyte recruitment and infiltration to the
stroma is essential for ductal branching and gland remodeling,
assisting epithelial expansion into the surrounding adipose tis-
sue (Gouon-Evans et al. 2000). During lactation, leukocytes also
respond to invasive pathogens, inducing local inflammation to
eliminate intruders (Unsworth et al. 2014), while during invo-
lution, macrophages facilitate epithelial cell clearance and
mammary remodeling (O'Brien et al. 2012).

In A. lituratus, several inflammatory foci were observed
throughout the mammary stroma. In AP females, leukocytes

were predominantly located around the lactiferous ducts, pos-
sibly assisting with ductal branching (Gouon-Evans et al. 2000).
In LAC females, leukocytes are dispersed in the stroma around
the alveoli or grouped near the lactiferous ducts. Since bat pups
remain attached to the nipple during flight (Evarts et al. 2004),
the mechanical stress exerted by their weight and movement
may cause micro-injuries to the ducts, potentially explaining
the inflammatory response in these regions. Additionally, the
high number of inflammatory foci in LAC females may be
related to glandular remodeling, enabling the formation of new
alveoli and the replacement of areas undergoing epithelial cell
death (Gouon-Evans et al. 2000).

Similarly to most mammals, including Homo sapiens and M. mus-
culus (Lazard et al. 1993; Hassiotou and Geddes 2013; Cardiff
et al. 2018), a-actin immunoreactivity revealed a continuous outer
layer of myoepithelial cells surrounding the ducts and alveoli in all
analyzed groups of A. lituratus. However, unlike studies that define
the mammary epithelium as a bilayer consisting of outer myoe-
pithelial cells and inner luminal cells (Hitchcock et al. 2020), p63
immunostaining demonstrated the presence of basal cells in A. li-
turatus. This organization resembles the structure proposed for
ruminants (Rainard et al. 2022).

The mammary gland of A. lituratus also contains a large
amount of collagen around the lactiferous ducts, the blood
vessels, and in some bands scattered in the mammary stroma.
This pattern closely resembles that of C. perspicillata (Evarts
et al. 2004). The abundance of collagen in the mammary gland
of bats may provide structural reinforcement, allowing the
gland to support the mechanical stress of carrying a pup during
flight (Evarts et al. 2004).

4.2 | Hormonal Control: Emphasis on Estradiol
and Progesterone

Hormonal control of mammary gland development involves a
complex interplay of multiple hormones to regulate different
stages of glandular growth and function (Brisken and O'mal-
ley 2010). It is generally accepted that all prepubertal develop-
ment of the mammary gland is largely hormone independent
(Brisken and Ataca 2015). However, with the onset of puberty,
and during pregnancy and lactation, mammary gland develop-
ment becomes strictly hormone-dependent (Brisken and
O'malley 2010; Brisken and Ataca 2015). In adult females, es-
tradiol and progesterone, in combination with prolactin and
growth hormone (GH), are required to drive ductal elongation,
side branching, and alveolar differentiation (Brisken and
O'malley 2010; Brisken and Ataca 2015).

It is widely recognized that estradiol or different estrogen
metabolites, acting via ERa, is required for ductal elongation.

FIGURE 7 | Variation in the percentage of ERa (A-E) and PR (F-I) positive cells in the mammary gland of Artibeus lituratus in the different
analyzed groups. (A) Graph showing the percentage of ERa+ cells. (B) NON female. (C) AP female. (D,E) LAC females. The marking in the epithelial
(arrows) and stromal (arrowheads) cells. Inset in E is the negative control of the ERa immunoreaction. (F) Graph showing the percentage of PR+
cells. (G) NON female. (H) AP female. (I) LAC female. The marking in the epithelial (arrows) and stromal (arrowheads) cells. Inset in I is the
negative control of the PR immunoreaction. Data were expressed as means and standard deviations. Different letters indicate statistically significant

differences (Kruskal-Wallis at p <0.05; n=5). (L, lumen; S, stroma).
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FIGURE 8 | Variation in the percentage of PCNA (A-E) and Caspase-3 (F-K) positive cells in the mammary gland of Artibeus lituratus in the
different analyzed groups. (A) Graph showing the percentage of PCNA+ cells. (B) NON female. (C) AP female. (D, E) LAC females. The marking in
the epithelial (arrows) and stromal (arrowheads) cells. Inset in E is the negative control of the PCNA immunoreaction. (F) Graph showing the
percentage of Caspase-3+ cells. (G, H) NON females. (I) AP female. (J, K) LAC females. The marking in the epithelial (arrows) and stromal
(arrowheads) cells. Inset in J is the negative control of the Caspase-3 immunoreaction. Data were expressed as means and standard deviations.
Different letters indicate statistically significant differences (Kruskal-Wallis at p <0.05; n = 5). (L, lumen; S, stroma).
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ERa+ cells mediate estrogenic stimulation by releasing para-
crine factors that promote proliferation of adjacent cells,
thereby driving ductal elongation (Bocchinfuso and
Korach 1997; Mueller et al. 2002; Mallepell et al. 2006). Pro-
gesterone, on the other hand, signals through the PR to promote
ductal side branching and alveolar differentiation (Brisken
et al. 1999; Brisken and O'malley 2010; Brisken and
Ataca 2015).

It is important to highlight that the present study was conducted
using the same animals previously analyzed by Santiago et al.
(2020), thus sharing identical serum hormone profiles. The
average serum estradiol concentration was 103.41 + 68.23 pg/mL
in NON females, 6069.76 +600pg/mL in AP females, and
263.15 +105.03 pg/mL in LAC females, with significantly higher
levels in AP females compared to NON and LAC groups. Pro-
gesterone levels followed a similar pattern: 14.78 + 8.66 ng/mL in
NON females, 41.93+23.73ng/mL in AP females, and
8.31+2.65ng/mL in LAC females, with AP females again
showing significantly higher values.

Immunohistochemistry revealed that NON females of A. litur-
atus had the highest percentage of ERa+ cells in both the epi-
thelium and stroma, despite having a lower circulating estradiol
level. This high receptor marking may reflect the retention of
ERa synthesized during puberty, awaiting estradiol stimulation
during early pregnancy to trigger proliferation and ductal
elongation (Kenney et al. 2003). Notably, estradiol serum levels
in NON females of A. lituratus were comparable to those
observed during the estrous cycle of Rattus norvegicus (Fata
et al. 2001).

During pregnancy, estradiol continues to be produced by the
ovaries, with additional contribution from the placenta (Gibori
et al. 1988). Estradiol levels peak during late pregnancy, and
this hormone indirectly induces mammary gland development
and differentiation (Brisken and Ataca 2015). In A. lituratus, AP
females show higher serum estradiol levels than those reported
in pregnant R. norvegicus, M. musculus, and H. sapiens (Loriaux
et al. 1972; McCormack and Greenwald 1974; Rosenblatt 1988).
However, despite the highest estradiol serum levels, ERa
marking in the epithelium and especially in the stroma declines
in AP females, possibly due to negative feedback regulation
(compensation) by high circulating estradiol levels, which can
counterbalance and regulate the accentuated ductal prolifera-
tion during this phase (Shyamala et al. 2002) that also coincides
with the peak of proliferative activity (PCNA). Other mammals
such as R. norvegicus and M. musculus do not show a decrease
in ERa in the epithelium during pregnancy (Shyamala
et al. 1992; Saji et al. 2000). In contrast, LAC females exhibit
both lower circulating estradiol concentration and reduced
ERa. Nevertheless, the presence of newly branching regions in
LAC females suggests that even low estradiol levels may be
sufficient to activate the remaining ERa+ cells in the epithe-
lium and stroma to support ongoing alveolar development
during this phase.

Artibeus lituratus shows a high number of ERa+ stromal cells,
especially in NON and AP females, and a low number in LAC
females. These findings, along with the high circulating estra-
diol level in AP females and the low level in LAC females, seem

to explain the highest ductal proliferative activity (PCNA) in AP
females. This pattern supports the idea that ERa+ stromal cells
respond to estradiol by producing mitogenic factors that act on
the epithelium (Cunha et al. 1997). Interestingly, this differs
from what has been described for M. musculus, where ERa+
stromal cells are limited to areas near the nipple (Shyamala
et al. 2002).

While estradiol via ERa stimulates ductal elongation, proges-
terone via PR regulates side branching and alveologenesis
(Brisken et al. 1999; Arendt and Kuperwasser 2015). PR is a
nuclear receptor that responds to progesterone stimuli
(Evans 1988). Its expression is induced by estradiol through
ERa activation (Schultz et al. 2003). Once activated, PR drives
side branching, the formation of intermediate ducts and,
together with prolactin, promotes terminal duct differentiation
into secretory alveoli (Brisken et al. 1999; Brisken 2002).

Although NON females of A. lituratus exhibit low progesterone
levels—comparable to levels during the estrous cycle in R.
norvegicus (Fata et al. 2001)—they show high PR marking. This
may be attributed to the high number of ERa+ cells in this
group, as estrogen stimulation is known to upregulate PR ex-
pression (Schultz et al. 2003; Petz et al. 2004). Despite high PR
marking, proliferative activity remains low (low PCNA), sug-
gesting that both estrogen and progesterone are necessary to
initiate branching morphogenesis. Additionally, the increase in
progesterone stimuli, along with prolactin expression, act to
stimulate alveolar differentiation and milk production (Brisken
et al. 1999). Interestingly, the level of PR marking in NON
females of A. lituratus is comparable to that seen in M. musculus
(Shyamala et al. 1997).

PR activation is crucial for side branching and alveologenesis
(Brisken et al. 1998; Lydon et al. 1995). Accordingly, PR+ cells
peaks in AP females of A. lituratus, the phase associated with
the most extensive side branching and early alveolar formation.
When compared to other mammals, the PR marking in A. li-
turatus closely resembles that of R. norvegicus and M. musculus
(Shyamala et al. 2002). The high proliferative activity and side
branching seen in AP females are likely driven by the combined
effects of estradiol acting via ERa and progesterone via PR,
which trigger extensive mitotic activity and side branching in
this phase (Brisken et al. 1998; Lydon et al. 1995).

In LAC females of A. lituratus, once the mammary gland is fully
differentiated and functional, both serum progesterone and PR
marking decrease. This decrease likely reflects the gland's
advanced differentiation status (Shyamala et al. 2002). How-
ever, residual PR marking may help sustain secretory activity
and support new branching, as observed in this group. Despite
lower PR marking, the proportion of PCNA+ cells indicates that
the tissue remains proliferative.

Similar to ERa, PR is also expressed in the mammary stroma of
all A. lituratus groups. The pattern of PR marking in the stroma
closely mirrors that of the epithelium, suggesting that PR+
stromal cells stimulated by progesterone possibly act through
paracrine mechanisms in epithelial cells. This distinguishes A.
lituratus from M. musculus and H. sapiens, which lack stromal
PR marking (Press and Greene 1988; Shyamala et al. 1997).
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Regarding proliferative activity (based on PCNA), the mam-
mary gland of A. lituratus shows a significant increase only
during pregnancy (AP females), likely driven by the synergistic
action of high estradiol and progesterone levels. In contrast,
during lactation (LAC females), a significant increase in
Caspase-3 marking was observed, particularly in the ducts and
alveoli. Caspase-3 is a key effector protease in the apoptotic
cascade and is considered a hallmark of programmed cell death
in epithelial tissues (Porter and Jidnicke 1999). Its activation in
the mammary gland typically reflects the onset of alveolar
remodeling, regression, or turnover of secretory epithelial
cells, which may occur even during the lactation phase
(Watson 2006). This may reflect the continuous apocrine
secretion process, which eventually leads to epithelial cell death
and alveolar remodeling. To maintain lactation, the gland of A.
lituratus likely undergoes cycles of alveolar renewal and ductal
branching, consistent with the observed coexistence of prolif-
erative and degenerative regions in the mammary tissue of LAC
females.

5 | Conclusion

The mammary gland of A. lituratus exhibits a similar pattern to
that of other mammals. However, there are some notable dif-
ferences, including an epithelial organization composed of
epithelial, basal, and myoepithelial cells, as well as evidence of
continuous remodeling, branching, and renewal during lacta-
tion, with accentuated epithelial cell death. Glandular devel-
opment and branching during advanced pregnancy seem to be
stimulated by a significant increase in circulating estradiol,
which, via ERa activation, stimulates ductal proliferation, and
by a concurrent increase in progesterone, which, through PR
activation and in synergy with prolactin, stimulates side
branching and alveolar differentiation.

Authors Contribution

Cornélio S. Santiago: conceptualization, data curation, for-
mal analysis, investigation, roles/writing - original draft.
Pollyana B. Pimentel: data curation, formal analysis, inves-
tigation. Emilia M. Soares: data curation, formal analysis,
investigation. Juliana F. Ferraz: data curation, formal anal-
ysis, investigation. Luiz H. A. Guerra: data curation, formal
analysis, investigation. Carolina C. Souza: data curation,
formal analysis, investigation. Rejane M. Gées: supervision,
writing - review and editing. Eliana Morielle-Versute:
supervision, writing - review and editing. Sebastido R. Taboga:
supervision, writing — review and editing. Mateus R. Beguelini:
conceptualization, data curation, formal analysis, funding acqui-
sition, investigation, methodology, project administration,
resources, roles/writing — original draft.

Acknowledgements

The scholarships awarded to Cornélio S. Santiago, Emilia M. Soares and
Juliana F. Ferraz (Finance Code 001 - CAPES) by the Coordination for
the Improvement of Higher Education (CAPES) are gratefully
acknowledged. The Grants by the Bahia Research Foundation (FAPESB

- Grant N° 7616/2015 and N° 9038/201) and from the Brazilian
National Research and Development Council (CNPq - Grant N°
407106/2018-9) are also gratefully acknowledged. Supported by Brazil-
ian National Research and Development Council (CNPq) Process
306071/2024-0 research fellowship to Mateus R. Beguelini. This study
was funded by Grants N° 7616/2015 and N° 9038/2015 from the Bahia
Research Foundation (FAPESB) and N° 407106/2018-9 from the Bra-
zilian National Research and Development Council (CNPq). Supported
by Research Fellowship from Brazilian National Research and Devel-
opment Council (CNPq) Process 306071/2024-0 to Mateus R. Beguelini.
The Article Processing Charge for the publication of this research was
funded by the Coordenacdo de Aperfeicoamento de Pessoal de Nivel
Superior - Brasil (CAPES) (ROR identifier: 00x0ma614).

Ethics Statement

The captures were authorized by the Brazilian Institute of Environment
(Instituto Brasileiro do Meio Ambiente, IBAMA - Process: 21707-1). The
experimental procedures were conducted according to the National Insti-
tutes of Health Guidelines for the Use of Laboratory Animals, and previ-
ously approved by the animal experimentation ethics committee of the Sdo
Paulo State University (CEUA-UNESP, Process: 013/09). Access to Genetic
Legacy was approved by the Genetic Legacy Management Council of the
Brazilian Ministry of the Environment (Process: AA38F12).

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

All data generated or analyzed during this study will be available on
request.

References

Amaral, T. S., T. F. Carvalho, M. C. Silva, et al. 2012. “Metabolic and
Histopathological Alterations in the Fruit-Eating Bat Artibeus lituratus
Induced by the Organophosphorous Pesticide Fenthion.” Acta
Chiropterologica 14, no. 1: 225-232. https://doi.org/10.3161/
150811012X654420.

Arendt, L. M., and C. Kuperwasser. 2015. “Form and Function: How
Estrogen and Progesterone Regulate the Mammary Epithelial Hierar-
chy.” Journal of Mammary Gland Biology and Neoplasia 20: 9-25.
https://doi.org/10.1007/s10911-015-9337-0.

Beguelini, M. R., C. S. Santiago, L. H. A. Guerra, et al. 2021. “The
Hormonal Control of the Uterus of the Bat Myotis nigricans During Its
Different Reproductive Phases: Emphasis on Progesterone and Estra-
diol.” Cell and Tissue Research 384: 211-229. https://doi.org/10.1007/
$00441-020-03342-2.

Beguelini, M. R., C. S. Santiago, E. Morielle-Versute, and S. R. Taboga.
2020. “Morphophysiological Variations of the Female Reproductive
Organs of the Vespertilionid Bat Myotis nigricans During Its Different
Reproductive Phases.” Theriogenology 158: 121-137. https://doi.org/10.
1016/j.theriogenology.2020.09.004.

Bellatine, T., C. A. F. Mancanares, A. L. R. Franciolli, et al. 2010. “Es-
tudo Morfofuncional Das Glandulas Mamarias De Mao Pelada, Procyon
cancrivorus.” Pesquisa Veterindria Brasileira 30: 689-695. https://doi.
0rg/10.1590/50100-736X2010000800014.

Biswas, S. K., S. Banerjee, G. W. Baker, C. Y. Kuo, and I. Chowdhury.
2022. “The Mammary Gland: Basic Structure and Molecular Signaling
During Development.” International Journal of Molecular Sciences 23:
3883. https://doi.org/10.3390/1jms23073883.

Bocchinfuso, W. P., and K. S. Korach. 1997. “Mammary Gland Devel-
opment and Tumorigenesis in Estrogen Receptor Knockout Mice.”
Journal of Mammary Gland Biology and Neoplasia 2: 323-334. https://
doi.org/10.1023/A:1026339111278.

15 of 17

85U801 7 SUOWIWIOD dA 8.0 3|deol dde aupy Ag peusenob a2 ool O ‘8sN JO S9InJ 10} ARIq1T8UlUO A8]IAA UO (SUOIPUOD-pUe-SW.B)W00" A8 1M Aq | Ul |uo//Stiy) SUOIIPUOD pue Swie | 8uaes *[9202/90/6T] Uo Akidqiauljuo Ao|IM exs!ined enpeis3 apepsieAiun Ag 26002 10W(/Z00T 0T/10p/uoo A 1M Ariqieuljuo//sdny wouy pepeojumod ‘0T ‘SZ0Z 289%260T


https://doi.org/10.3161/150811012X654420
https://doi.org/10.3161/150811012X654420
https://doi.org/10.1007/s10911-015-9337-0
https://doi.org/10.1007/s00441-020-03342-2
https://doi.org/10.1007/s00441-020-03342-2
https://doi.org/10.1016/j.theriogenology.2020.09.004
https://doi.org/10.1016/j.theriogenology.2020.09.004
https://doi.org/10.1590/S0100-736X2010000800014
https://doi.org/10.1590/S0100-736X2010000800014
https://doi.org/10.3390/ijms23073883
https://doi.org/10.1023/A:1026339111278
https://doi.org/10.1023/A:1026339111278

Brinati, A., J. M. Oliveira, V. S. Oliveira, et al. 2016. “Low, Chronic
Exposure to Endosulfan Induces Bioaccumulation and Decreased Car-
cass Total Fatty Acids in Neotropical Fruit Bats.” Bulletin of
Environmental Contamination and Toxicology 97: 626-631. https://doi.
0rg/10.1007/s00128-016-1910-8.

Brisken, C. 2002. “Hormonal Control of Alveolar Development and Its
Implications for Breast Carcinogenesis.” Journal of Mammary Gland
Biology and Neoplasia 7: 39-48. https://doi.org/10.1023/
A:1015718406329.

Brisken, C., and D. Ataca. 2015. “Endocrine Hormones and Local Sig-
nals During the Development of the Mouse Mammary Gland.” WIREs
Developmental Biology 4, no. 3: 181-195. https://doi.org/10.1002/
wdev.172.

Brisken, C., S. Kaur, T. E. Chavarria, et al. 1999. “Prolactin Controls
Mammary Gland Development via Direct and Indirect Mechanisms.”
Developmental Biology 210, no. 1: 96-106. https://doi.org/10.1006/dbio.
1999.9271.

Brisken, C., and B. O'malley. 2010. “Hormone Action in the Mammary
Gland.” Cold Spring Harbor Perspectives in Biology 2, no. 12: 003178.
https://doi.org/10.1101/cshperspect.a003178.

Brisken, C., S. Park, T. Vass, J. P. Lydon, B. W. O'Malley, and
R. A. Weinberg. 1998. “A Paracrine Role for the Epithelial Progesterone
Receptor in Mammary Gland Development.” Proceedings of the
National Academy of Sciences 95, no. 9: 5076-5081. https://doi.org/10.
1073/pnas.95.9.5076.

Cardiff, R. D., and K. H. Allison, 2012. “Mammary Gland.” In Com-
parative Anatomy and Histology. A mouse and human atlas, edited by P.
M. Treuting, S. M. Dintzis, 41-52. https://doi.org/10.1016/B978-
0-12-381361-9.00004-4.

Cardiff, R. D., S. Jindal, P. M. Treuting, J. J. Going, B. Gusterson, and
H. J. Thompson. 2018. “Mammary Gland.” Comparative Anatomy and
Histology 1: 487-509. https://doi.org/10.1016/B978-0-12-802900-8.
00023-3.

Casals, J. B, C. A. Manganares, N. C. G. Pieri, M. A. Miglino,
C. E. Ambrosio, and A. F. Carvalho. 2013. “Morfologia Da Glandula
Mamaria Do Quati (Nasua nasua).” Pesquisa Veterindria Brasileira 33:
1371-1378. https://doi.org/10.1590/S0100-736X2013001100014.

Crichton, E. G., and P. H. Krutzsch. 2000. Reproductive Biology of Bats.
Elsevier: Academic Press. https://doi.org/10.1016/B978-0-12-195670-7.
X5000-0.

Cunha, G. R, P. Young, Y. K. Hom, P. S. Cooke, J. A. Taylor, and
D. B. Lubahn. 1997. “Elucidation of a Role for Stromal Steroid Hormone
Receptors in Mammary Gland Growth and Development Using Tissue
Recombinants.” Journal of Mammary Gland Biology and Neoplasia 2:
393-402. https://doi.org/10.1023/A:1026303630843.

Evans, R. M. 1988. “The Steroid and Thyroid Hormone Receptor
Superfamily.” Science 240, no. 4854: 889-895. https://doi.org/10.1126/
science.328393.

Evarts, J. L., J. J. Rasweiler, R. R. Behringer, L. Hennighausen, and
G. W. Robinson. 2004. “A Morphological and Immunohistochemical
Comparison of Mammary Tissues From the Short-Tailed Fruit Bat
(Carollia perspicillata) and the Mousel.” Biology of Reproduction 70,
no. 6: 1573-1579. https://doi.org/10.1095/biolreprod.103.022988.

Fata, J. E., V. Chaudhary, and R. Khokha. 2001. “Cellular Turnover in
the Mammary Gland Is Correlated With Systemic Levels of Progester-
one and Not 17@-Estradiol During the Estrous Cycle.” Biology of
Reproduction 65, no. 3: 680-688. https://doi.org/10.1095/biolreprod65.
3.680.

Fleming, T. H. 1986. “Opportunism Versus Specialization: The Evolution
of Feeding Strategies in Frugivorous Bats.” In Frugivores and seed dis-
persal. Tasks for Vegetation Science, edited by A. Estrada and T. H.
Fleming, Vol. 15 Springer. https://doi.org/10.1007/978-94-009-4812-9_11.

Freitas, R. M. P., B. S. Linhares, J. M. Oliveira, et al. 2021.
“Tebuconazole-Induced Toxicity and the Protective Effect of Ficus
carica Extract in Neotropical Fruit-Eating Bats.” Chemosphere 275:
129985. https://doi.org/10.1016/j.chemosphere.2021.129985.

Galetti, M., and L. P. C. Morellato. 1994. “Diet of the Fruit-Eating Bat
Artibeus lituratus in a Forest Fragment in Brazil.” Mammalia 58, no. 4:
661-665. https://doi.org/10.1515/mamm.1994.58.4.657.

Gibori, G., I. Khan, M. L. Warshaw, et al. 1988. Placental-Derived
Regulators and the Complex Control of Luteal Cell Function. In: Proc.
Proceedings of the 1987 Laurentian Hormone Conference, Vol. 44,
377-429. https://doi.org/10.1016/B978-0-12-571144-9.50016-8.

Gjorevski, N., and C. M. Nelson. 2011. “Integrated Morphodynamic
Signalling of the Mammary Gland.” Nature Reviews Molecular Cell
Biology 12, no. 9: 581-593. https://doi.org/10.1038/nrm3168.

Gouon-Evans, V., M. E. Rothenberg, and J. W. Pollard. 2000. “Postnatal
Mammary Gland Development Requires Macrophages and Eosino-
phils.” Development 127, no. 11: 2269-2282. https://doi.org/10.1242/dev.
127.11.2269.

Hassiotou, F., and D. Geddes. 2013. “Anatomy of the Human Mammary
Gland: Current Status of Knowledge.” Clinical Anatomy 26, no. 1:
29-48. https://doi.org/10.1002/ca.22165.

Hitchcock, J. R., K. Hughes, O. B. Harris, and C. J. Watson. 2020.
“Dynamic Architectural Interplay Between Leucocytes and Mammary
Epithelial Cells.” FEBS Journal 287, no. 2: 250-266. https://doi.org/10.
1111/febs.15126.

Inman, J. L., C. Robertson, J. D. Mott, and M. J. Bissell. 2015. “Mam-
mary Gland Development: Cell Fate Specification, Stem Cells and the
Microenvironment.” Development 142, no. 6: 1028-1042. https://doi.
0rg/10.1242/dev.087643.

Kenney, N. J., A. Bowman, K. S. Korach, J. Carl-Barrett, and
D. S. Salomon. 2003. “Effect of Exogenous Epidermal-Like Growth
Factors on Mammary Gland Development and Differentiation in the
Estrogen Receptor-Alpha Knockout (ERKO) Mouse.” Breast Cancer
Research and Treatment 79: 161-173. https://doi.org/10.1023/
a:1023938510508.

De Knegt, L. V., J. A. Silva, E. C. Moreira, and G. L. Sales. 2005.
“Morcegos Capturados No Municipio De Belo Horizonte, 1999-2003.”
Arquivo Brasileiro de Medicina Veterindria e Zootecnia 57: 576-583.
https://doi.org/10.1590/S0102-09352005000500002.

Lazard, D., X. Sastre, M. G. Frid, M. A. Glukhova, J. P. Thiery, and
V. E. Koteliansky. 1993. “Expression of Smooth Muscle-Specific Pro-
teins in Myoepithelium and Stromal Myofibroblasts of Normal and
Malignant Human Breast Tissue.” Proceedings of the National Academy
of Sciences 90, no. 3: 999-1003. https://doi.org/10.1073/pnas.90.3.999.

Leonel, E. C. R,, L. R. Falleiros, S. G. P. Campos, and S. R. Taboga. 2017.
“Histological and Immunohistochemical Characterization of the Mon-
golian Gerbil's Mammary Gland During Gestation, Lactation and
Involution.” Acta Histochemica 119, no. 3: 273-283. https://doi.org/10.
1016/j.acthis.2017.02.003.

Loriaux, D. L., H. J. Ruder, D. R. Knab, and M. B. Lipsett. 1972. “Es-
trone Sulfate, Estrone, Estradiol and Estriol Plasma Levels in Human
Pregnancy.” Journal of Clinical Endocrinology & Metabolism 35, no. 6:
887-891. https://doi.org/10.1210/jcem-35-6-887.

Lydon, J. P., F. J. DeMayo, C. R. Funk, et al. 1995. “Mice Lacking
Progesterone Receptor Exhibit Pleiotropic Reproductive Abnormali-
ties.” Genes & Development 9, no. 18: 2266-2278. https://doi.org/10.
1101/gad.9.18.2266.

Machado-Neves, M., M. J. O. Neto, D. C. Miranda, et al. 2018. “Dietary
Exposure to Tebuconazole Affects Testicular and Epididymal Histo-
morphometry in Frugivorous Bats.” Bulletin of Environmental
Contamination and Toxicology 101: 197-204. https://doi.org/10.1007/
s00128-018-2377-6.

16 of 17

Journal of Morphology, 2025

85U801 7 SUOWIWIOD dA 8.0 3|deol dde aupy Ag peusenob a2 ool O ‘8sN JO S9InJ 10} ARIq1T8UlUO A8]IAA UO (SUOIPUOD-pUe-SW.B)W00" A8 1M Aq | Ul |uo//Stiy) SUOIIPUOD pue Swie | 8uaes *[9202/90/6T] Uo Akidqiauljuo Ao|IM exs!ined enpeis3 apepsieAiun Ag 26002 10W(/Z00T 0T/10p/uoo A 1M Ariqieuljuo//sdny wouy pepeojumod ‘0T ‘SZ0Z 289%260T


https://doi.org/10.1007/s00128-016-1910-8
https://doi.org/10.1007/s00128-016-1910-8
https://doi.org/10.1023/A:1015718406329
https://doi.org/10.1023/A:1015718406329
https://doi.org/10.1002/wdev.172
https://doi.org/10.1002/wdev.172
https://doi.org/10.1006/dbio.1999.9271
https://doi.org/10.1006/dbio.1999.9271
https://doi.org/10.1101/cshperspect.a003178
https://doi.org/10.1073/pnas.95.9.5076
https://doi.org/10.1073/pnas.95.9.5076
https://doi.org/10.1016/B978-0-12-381361-9.00004-4
https://doi.org/10.1016/B978-0-12-381361-9.00004-4
https://doi.org/10.1016/B978-0-12-802900-8.00023-3
https://doi.org/10.1016/B978-0-12-802900-8.00023-3
https://doi.org/10.1590/S0100-736X2013001100014
https://doi.org/10.1016/B978-0-12-195670-7.X5000-0
https://doi.org/10.1016/B978-0-12-195670-7.X5000-0
https://doi.org/10.1023/A:1026303630843
https://doi.org/10.1126/science.328393
https://doi.org/10.1126/science.328393
https://doi.org/10.1095/biolreprod.103.022988
https://doi.org/10.1095/biolreprod65.3.680
https://doi.org/10.1095/biolreprod65.3.680
https://doi.org/10.1007/978-94-009-4812-9_11
https://doi.org/10.1016/j.chemosphere.2021.129985
https://doi.org/10.1515/mamm.1994.58.4.657
https://doi.org/10.1016/B978-0-12-571144-9.50016-8
https://doi.org/10.1038/nrm3168
https://doi.org/10.1242/dev.127.11.2269
https://doi.org/10.1242/dev.127.11.2269
https://doi.org/10.1002/ca.22165
https://doi.org/10.1111/febs.15126
https://doi.org/10.1111/febs.15126
https://doi.org/10.1242/dev.087643
https://doi.org/10.1242/dev.087643
https://doi.org/10.1023/a:1023938510508
https://doi.org/10.1023/a:1023938510508
https://doi.org/10.1590/S0102-09352005000500002
https://doi.org/10.1073/pnas.90.3.999
https://doi.org/10.1016/j.acthis.2017.02.003
https://doi.org/10.1016/j.acthis.2017.02.003
https://doi.org/10.1210/jcem-35-6-887
https://doi.org/10.1101/gad.9.18.2266
https://doi.org/10.1101/gad.9.18.2266
https://doi.org/10.1007/s00128-018-2377-6
https://doi.org/10.1007/s00128-018-2377-6

Macias, H., and L. Hinck. 2012. “Mammary Gland Development.” WIREs
Developmental Biology 1, no. 4: 533-557. https://doi.org/10.1002/wdev.35.

Mallepell, S., A. Krust, P. Chambon, and C. Brisken. 2006. “Paracrine
Signaling Through the Epithelial Estrogen Receptor o Is Required for
Proliferation and Morphogenesis in the Mammary Gland.” Proceedings
of the National Academy of Sciences 103, no. 7: 2196-2201. https://doi.
0rg/10.1073/pnas.0510974103.

McCormack, J. T., and G. S. Greenwald. 1974. “Progesterone and
Oestradiol-173 Concentrations in the Peripheral Plasma During Preg-
nancy in the Mouse.” Journal of Endocrinology 62, no. 1: 101-107.
https://doi.org/10.1677/joe.0.0620101.

Mueller, S. O., J. A. Clark, P. H. Myers, and K. S. Korach. 2002.
“Mammary Gland Development in Adult Mice Requires Epithelial and
Stromal Estrogen Receptor A.” Endocrinology 143, no. 6: 2357-2365.
https://doi.org/10.1210/endo.143.6.8836.

Muller, M. F., and N. R. Reis. 1992. “Particdo De Recursos Alimentares
Entre Quatro Espécies De Morcegos Frugivoros (Chiroptera, Phyllos-
tomidae).” Revista Brasileira de Zoologia 9: 345-355. https://doi.org/10.
1590/S0101-81751992000200022.

Nandi, S. 1958. “Endocrine Control of Mammary-Gland Development and
Function in the C3H/He Crgl Mouse.” Journal of the National Cancer
Institute 21, no. 6: 1039-1063. https://doi.org/10.1093/jnci/21.6.1039.

Neville, M. C. 2001. “Anatomy and Physiology of Lactation.” Pediatric
Clinics of North America 48, no. 1: 13-34. https://doi.org/10.1016/S0031-
3955(05)70283-2.

O'Brien, J., H. Martinson, C. Durand-Rougely, and P. Schedin. 2012.
“Macrophages Are Crucial for Epithelial Cell Death and Adipocyte
Repopulation During Mammary Gland Involution.” Development 139,
no. 2: 269-275. https://doi.org/10.1242/dev.071696.

Oliveira, J. M., S. S. Condessa, A. L. F. Destro, et al. 2022. “Morpho-
physiological Alterations in Fruit-Eating Bats After Oral Exposure to
Deltamethrin.” International Journal of Experimental Pathology 103:
219-230. https://doi.org/10.1111/iep.12455.

Passos, F. C., and G. Graciolli. 2004. “Observacoes Da Dieta De Artibeus
lituratus (Olfers) (Chiroptera, Phyllostomidae) Em Duas Areas Do Sul
Do Brasil.” Revista Brasileira de Zoologia 21: 487-489. https://doi.org/
10.1590/S0101-81752004000300010.

Passos, J. G., and M. Passamani. 2003. “Artibeus lituratus (Chiroptera,
Phyllostomidae): biologia e dispersao de sementes no Parque do Museu
de Biologia Prof. Mello Leitao, Santa Teresa (ES).” Natureza online 1,
no. 1: 1-6.

Petz, L. N., Y. S. Ziegler, J. R. Schultz, H. Kim, J. K. Kemper, and
A. M. Nardulli. 2004. “Differential Regulation of the Human Proges-
terone Receptor Gene Through an Estrogen Response Element Half Site
and Sp1 Sites.” Journal of Steroid Biochemistry and Molecular Biology 88,
no. 2: 113-122. https://doi.org/10.1016/j.jsbmb.2003.11.008.

Porter, A. G., and R. U. Jinicke. 1999. “Emerging Roles of Caspase-3 in
Apoptosis.” Cell Death & Differentiation 6, no. 2: 99-104. https://doi.
0rg/10.1038/sj.cdd.4400476.

Press, M. F., and G. L. Greene. 1988. “Localization of Progesterone
Receptor With Monoclonal Antibodies to the Human Progestin
Receptor.” Endocrinology 122, no. 3: 1165-1175. https://doi.org/10.
1210/endo-122-3-1165.

Rainard, P., F. B. Gilbert, and P. Germon. 2022. “Immune Defenses of
the Mammary Gland Epithelium of Dairy Ruminants.” Frontiers in
Immunology 13: 1031785. https://doi.org/10.3389/fimmu.2022.1031785.

Reis, N. R., A. L. Peracchi, W. A. Pedro, and I. P. Lima. 2007. “Sub-
familia Stenodermatinae. 1.ed. In: Morcegos do Brasil.” Universidade
Estadual de Londrina 1: 107-128.

Ribeiro, M. G., and S. R. Lima. 2000. Iniciacdo ds técnicas de preparacdo
de material para o estudo e pesquisa em morfologia. SEGRAC - Editora e
Gréfica Limitada.

Richert, M. M., K. L. Schwertfeger, J. W. Ryder, and S. M. Anderson.
2000. “An Atlas of Mouse Mammary Gland Development.” Journal of
Mammary Gland Biology and Neoplasia 5: 227-241. https://doi.org/10.
1023/A:1026499523505.

Robinson, G. W., A. B. C. Karpf, and K. Kratochwil. 1999. “Regulation
of Mammary Gland Development by Tissue Interaction.” Journal of
Mammary Gland Biology and Neoplasia 4, no. 1: 9-19. https://doi.org/
10.1023/a:1018748418447.

Rodrigues, A. F., C. S. Santiago, E. Morielle-Versute, S. R. Taboga, and
M. R. Beguelini. 2019. “Morphological Variation of the Female Repro-
ductive Organs of the Bat Artibeus lituratus During Its Different
Reproductive Phases.” Journal of Morphology 280, no. 8: 1141-1155.
https://doi.org/10.1002/jmor.21006.

Rosenblatt, J. 1988. “Hormonal Basis During Pregnancy for the Onset of
Maternal Behavior in the Rat.” Psychoneuroendocrinology 13, no. 1-2:
29-46. https://doi.org/10.1016/0306-4530(88)90005-4.

Saji, S., E. V. Jensen, S. Nilsson, T. Rylander, M. Warner, and
J. Gustafsson. 2000. “Estrogen Receptors a and §§ in the Rodent Mam-
mary Gland.” Proceedings of the National Academy of Sciences 97, no. 1:
337-342. https://doi.org/10.1073/pnas.97.1.337.

Santiago, C. S., E. S. S. Albernaz, R. T. S. Santos, et al. 2020. “Evaluation
of the Uterine Hormonal Control of the Bat Artibeus lituratus During
the Different Phases of Its Reproductive Cycle.” Journal of Morphology
281, no. 3: 302-315. https://doi.org/10.1002/jmor.21098.

Sazima, I., W. A. Fischer, M. Sazima, and E. A. Fischer. 1994. “The Fruit
Bat Artibeus lituratus as a Forest and City Dweller.” Ciéncia e Cultura
46, no. 3: 164-168.

Schultz, J. R., L. N. Petz, and A. M. Nardulli. 2003. “Estrogen Receptor a
and Spl Regulate Progesterone Receptor Gene Expression.” Molecular
and Cellular Endocrinology 201, no. 1-2: 165-175. https://doi.org/10.
1016/S0303-7207(02)00415-X.

Shyamala, G., M. H. Barcellos-Hoff, D. Toft, and X. Yang. 1997. “In Situ
Localization of Progesterone Receptors in Normal Mouse Mammary
Glands: Absence of Receptors in the Connective and Adipose Stroma
and a Heterogeneous Distribution in the Epithelium.” Journal of Steroid
Biochemistry and Molecular Biology 63, no. 4-6: 251-259. https://doi.
0rg/10.1016/S0960-0760(97)00128-3.

Shyamala, G., Y. C. Chou, S. G. Louie, R. C. Guzman, G. H. Smith, and
S. Nandi. 2002. “Cellular Expression of Estrogen and Progesterone
Receptors in Mammary Glands: Regulation by Hormones, Development
and Aging.” Journal of Steroid Biochemistry and Molecular Biology 80,
no. 2: 137-148. https://doi.org/10.1016/S0960-0760(01)00182-0.

Shyamala, G., W. Schneider, and M. C. Guiot. 1992. “Estrogen Depen-
dent Regulation of Estrogen Receptor Gene Expression in Normal
Mammary Gland and Its Relationship to Estrogenic Sensitivity.”
Receptor 2, no. 2: 121-128.

Sriraman, N. K. 2017. “The Nuts and Bolts of Breastfeeding: Anatomy
and Physiology of Lactation.” Current Problems in Pediatric and
Adolescent Health Care 47, no. 12: 305-310. https://doi.org/10.1016/].
cppeds.2017.10.001.

Unsworth, A., R. Anderson, and K. Britt. 2014. “Stromal Fibroblasts and
the Immune Microenvironment: Partners in Mammary Gland Biology
and Pathology?” Journal of Mammary Gland Biology and Neoplasia 19:
169-182. https://doi.org/10.1007/s10911-014-9326-8.

Watson, C. J. 2006. “Key Stages in Mammary Gland Development—
Involution: Apoptosis and Tissue Remodelling That Convert the
Mammary Gland From Milk Factory to a Quiescent Organ.” Breast
Cancer Research 8, no. 2: 203. https://doi.org/10.1186/bcr1401.

Weibel, E. R. 1963. “Principles and Methods for the Morphometric
Study of the Lung and Other Organs.” Laboratory Investigation;
A Journal of Technical Methods and Pathology 12: 131-155.

17 of 17

85U801 7 SUOWIWIOD dA 8.0 3|deol dde aupy Ag peusenob a2 ool O ‘8sN JO S9InJ 10} ARIq1T8UlUO A8]IAA UO (SUOIPUOD-pUe-SW.B)W00" A8 1M Aq | Ul |uo//Stiy) SUOIIPUOD pue Swie | 8uaes *[9202/90/6T] Uo Akidqiauljuo Ao|IM exs!ined enpeis3 apepsieAiun Ag 26002 10W(/Z00T 0T/10p/uoo A 1M Ariqieuljuo//sdny wouy pepeojumod ‘0T ‘SZ0Z 289%260T


https://doi.org/10.1002/wdev.35
https://doi.org/10.1073/pnas.0510974103
https://doi.org/10.1073/pnas.0510974103
https://doi.org/10.1677/joe.0.0620101
https://doi.org/10.1210/endo.143.6.8836
https://doi.org/10.1590/S0101-81751992000200022
https://doi.org/10.1590/S0101-81751992000200022
https://doi.org/10.1093/jnci/21.6.1039
https://doi.org/10.1016/S0031-3955(05)70283-2
https://doi.org/10.1016/S0031-3955(05)70283-2
https://doi.org/10.1242/dev.071696
https://doi.org/10.1111/iep.12455
https://doi.org/10.1590/S0101-81752004000300010
https://doi.org/10.1590/S0101-81752004000300010
https://doi.org/10.1016/j.jsbmb.2003.11.008
https://doi.org/10.1038/sj.cdd.4400476
https://doi.org/10.1038/sj.cdd.4400476
https://doi.org/10.1210/endo-122-3-1165
https://doi.org/10.1210/endo-122-3-1165
https://doi.org/10.3389/fimmu.2022.1031785
https://doi.org/10.1023/A:1026499523505
https://doi.org/10.1023/A:1026499523505
https://doi.org/10.1023/a:1018748418447
https://doi.org/10.1023/a:1018748418447
https://doi.org/10.1002/jmor.21006
https://doi.org/10.1016/0306-4530(88)90005-4
https://doi.org/10.1073/pnas.97.1.337
https://doi.org/10.1002/jmor.21098
https://doi.org/10.1016/S0303-7207(02)00415-X
https://doi.org/10.1016/S0303-7207(02)00415-X
https://doi.org/10.1016/S0960-0760(97)00128-3
https://doi.org/10.1016/S0960-0760(97)00128-3
https://doi.org/10.1016/S0960-0760(01)00182-0
https://doi.org/10.1016/j.cppeds.2017.10.001
https://doi.org/10.1016/j.cppeds.2017.10.001
https://doi.org/10.1007/s10911-014-9326-8
https://doi.org/10.1186/bcr1401

	Morphophysiology and Hormonal Control of the Mammary Gland of the Bat Artibeus lituratus During Gestation and Lactation: Emphasis on Estradiol and Progesterone
	1 Introduction
	2 Materials and Methods
	2.1 Capture and Licenses
	2.2 Species, Experimental Design and Aging
	2.3 Processing of Animals
	2.4 Histology
	2.5 Morphometry
	2.6 Immunohistochemistry
	2.7 Statistical Analysis

	3 Results
	3.1 Gross Anatomy
	3.2 General Histology
	3.3 Development, Branching, and Involution
	3.4 Stereology
	3.5 Immunohistochemistry
	3.5.1 Estrogen Receptor α (ERα)
	3.5.2 Progesterone Receptor (PR)
	3.5.3 Proliferating Cell Nuclear Antigen (PCNA)
	3.5.4 Activated Caspase-3 (Caspase-3)


	4 Discussion
	4.1 Morphology and Development
	4.2 Hormonal Control: Emphasis on Estradiol and Progesterone

	5 Conclusion
	Authors Contribution
	Acknowledgements
	Ethics Statement
	Conflicts of Interest
	Data Availability Statement
	References




