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ABSTRACT ARTICLE HISTORY

The female prostate, also known as Skene’s gland, is present in both Received 11 August 2023
humans and rodents. Prenatal exposure to ethinylestradiol (EE2), Accepted 7 December 2023
a synthetic estrogen found in oral contraceptives, induces pormotes KEYWORDS

neoplasic prostate lesions in gerbils (Meriones unguiculatus). Conversely, Pequi oil; female prostate;
pequi oil (Pe), extracted from the Brazilian Cerrado fruit, has antioxidant, male prostate;
anti-inflammatory, and anticancer properties, mitigates risks associated ethinylestradiol;

with chronic diseases related to lifestyle and aging. This study evaluates morphometry

the impact of prenatal exposure to Pe (300 mg/kg) on senile gerbil off-

spring’s male and female prostates under normal conditions and EE2

exposure (15 pg/kg/day). Histological and morphometric analyses

revealed that Pe reduced male body weight and prostate epithelial height,

along with a thinner muscle layer. In females, EE2 exposure reduced

prostatic weight, while Pe exposure lowered epithelial height and the

relative stromal compartment volume, increasing the muscle layer. Pequi

oil holds potential in mitigating alterations induced by exposure to the

endocrine disruptor EE2.

Introduction

The prostate gland, typically associated with the male reproductive system, is also found in females
and is known as the Skene’s gland (Zaviacic and Ablin 1998). The female prostate has been observed
in various rodent species, including the Mongolian gerbil (Meriones unguiculatus), which we use as
an experimental model in our research (Biancardi et al. 2017). In gerbils, the female prostate plays
a crucial role in nourishing sperm within the female body through prostatic fluid, exhibiting
characteristics similar to those found in males (Biancardi et al. 2017). Morphologically, the female
gerbil prostate closely resembles the ventral male prostate (Santos and Taboga 2006).

In parallel to men, the female prostate can develop various pathological disorders. Notably,
female prostatitis is the most prevalent cause within the spectrum of urethral syndromes (Gittes
2002). Additionally, iatrogenic lesions may occur in the periurethral region, including cases of cysts
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(Martin et al. 2010). Instances of adenocarcinoma formation within Skene’s gland have also been
documented (Saeed and Osunkoya 2021).

It’s worth noting that the female prostate comprises approximately 15% to 25% of the size of
the ventral male prostate (Santos and Taboga 2006). Both prostatic glands originate from the
urogenital sinus epithelium, the precursor of the urethra (Staack et al. 2003; Sanches et al.
2014). In the case of the gerbil’s female prostate, the epithelial buds make contact with the
paraurethral mesenchyme on the 24th day of the prenatal period, traversing a narrow passage
within the smooth muscle layer between the periurethral and paraurethral mesenchyme (Dos
Santos et al. 2022). Conversely, in male gerbils, prostate budding occurs between the 20th and
21st prenatal days (Sanches et al. 2014).

At birth, male buds exhibit branching within the ventral mesenchymal pad, while female buds
undergo this process only on the 5th postnatal day. The stage of canalization occurs on the 3rd
postnatal day for females and on the 7th day for males. In both sexes, the presence of acini becomes
evident after the 30th postnatal day (Sanches et al. 2016). Hence, it is evident that the development
of the female gerbil prostate diverges markedly in its budding pattern from that of the male prostate
(Sanches et al. 2016; Dos Santos et al. 2022).

Based on these structural similarities and distinct developmental processes, studies have
undertaken a comparison of the impacts of exposure to endocrine-disrupting chemicals on
both the ventral male prostate and the female prostate of gerbils (Perez et al. 2016; Costa
et al. 2017; Gomes et al. 2023). For example, the synthetic estrogen 17a-ethinylestradiol
(EE2) is a component of oral contraceptives and has been used by women for over 50 years
(Stanczyk et al. 2013).

Research by Perez et al. (2016) further highlights that the male ventral prostate responds more
sensitively to prenatal EE2 exposure compared to the female prostate in gerbils. This difference in
sensitivity between the male and female prostate glands serves as a basis for comparing the effects of
EDCs. This information contributes to a better understanding of how EE2 and similar compounds
can impact physiological processes and potentially lead to prostatic issues and changes in hormonal
regulation (Sanches et al. 2020).

In addition to EDCs impacting the prostate, various plant-based products have been extensively
studied for their potential to combat prostate cancer. Clinical trials have examined the effects of
beverages, extracts, and dietary preparations on prostate cancer risk. Notably, Camellia sinensis
(green or black tea) and Solanum lycopersicum (common tomato) have received more thorough
investigation (Cicero et al. 2019).

In our study, we utilized pequi (Caryocar Brasiliense Cambess), a native fruit of the Brazilian
Cerrado widely used in culinary preparations and as a key ingredient in various food products.
Pequi oil is rich in nutritional value, featuring abundant antioxidants like carotenoids, phenolic
compounds, fatty acids, and vitamins, making it a candidate for medicinal food (Nascimento-Silva
and Naves 2019).

Significantly, a study conducted by Palmeira et al. (2016) demonstrated that oral admin-
istration of pequi oil to mice at doses of 100 or 400 mg/kg resulted in a reduction in the
development of liver preneoplastic lesions and adenomas, suggesting its potential as
a chemopreventive agent. Moreover, research by Vale et al. (2019) reported a protective
effect of pequi oil supplementation in male adult rats, guarding liver cells against damage
induced by oxygen free radicals during strenuous exercise. Additionally, pequi oil exhibits
antimicrobial properties and has the potential for analgesic and anti-inflammatory effects
(Miranda-Vilela et al. 2009; Baptista et al. 2018; Junior et al. 2020).

However, there are no existing studies on the effects of pequi on prostate morphophysiology.
Therefore, our research aimed to assess and compare the impact of prenatal exposure to pequi oil
and ethinylestradiol on the morphology and morphometry of the ventral male prostate and female
prostate in gerbils throughout the aging process.
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Material and methods
Animal experimentation

Our study involved 25 adult female gerbils (Meriones unguiculatus) (90 and 120 days). Each
female gerbil was paired with one male gerbil of the same age to form distinct families. The
gerbils used in this experiment were obtained from the Bioterium Center of Paulist State
University (UNESP) (Sdo José do Rio Preto, SP, Brazil) and housed in polyethylene boxes at
the Bioterium of the Federal University of Jatai (UFJ) under controlled light conditions and an
average temperature of 23°C. They had access to filtered water provided in glass bottles and
were given food ad libitum, with the following composition: 23% protein, 12% minerals, 5%
fiber, and 4% total lipids.

All animal experiments were conducted in compliance with the approved guidelines of the
Ethics Committee on the Use of Animals (CEUA), protocol No. 004/2018 of UFJ. The study
adhered to the ethical standards outlined in Law No. 11.974/2008 and Resolution Normative
No. 01 of 2010/07/09 by the National Council for the Control of Animal Experimentation
(CONCEA).

The pregnant females (n = 5) were separated into five groups: Control, EE, EE/Ve, EE/Pe and Pe.
Control group: The pregnant females in this group did not receive any treatment. EE group:
Pregnant females in this group were received via gavage from the 18th to the 22th day of gestation,
15 pg/kg/day of 17a-ethinylestradiol (EE2, Sigma, St. Louis, MO, USA) diluted in 100 pl of mineral
oil Nujol® (CAS 8020-83-5; Sigma-Aldrich, St Louis, MO). The dosage administered in this study
(Perez et al. 2016) was comparable to that of oral contraceptives used by women (Stanczyk et al.
2013). This exposure period occurs during the prostatic morphogenesis in gerbils (Sanches et al.
2014). EE/Ve group: The females in this group received only 1 ml/day of mineral oil during the same
gestation period mentioned in the previous methodology. EE/Pe group: The females in this group
received 15 pg/kg/day of 17a-ethinylestradiol (EE2) using the same methodology as the EE group.
Additionally, they received 300 mg/kg of pequi oil, adapted from Vale et al. (2019) via gavage from
the 18th to the 26th day of gestation. Pe group: In this group, female subjects received a gavage of
300 mg/kg of pequi oil, administered from the 18th to the 26th day of gestation (Figure 1).

The male and female pups in all experimental groups were euthanized upon reaching completed
12 months of age. Before euthanasia, the female pups were cycled, and they were all in the proestrus
phase. This step was taken as the female prostate undergoes changes in its morphometry and
morphology during different phases of the estrous cycle (Fochi et al. 2008).

Pequi oil

The pequi (Caryocar Brasiliense Cambess) was obtained in the Jatai, Goids. After removing its peel,
the pulp was subjected to maceration to extract the oil, using ethanol as a solvent. Subsequently, the
oil obtained was exposed to a temperature of 40°C to allow the alcohol to evaporate. Finally, the oil
was stored in a freezer for preservation (Vale et al. 2019).

Histology and morphometry

After euthanasia, the biometric analyses involved measuring absolute and relative body weights, as
well as the weights of the male ventral prostate and the combined female prostate and urethra.

The male ventral prostate and female prostate from the experimental groups were fixed in 4%
tamponed paraformaldehyde and then subjected to histologic processing before being embedded in
paraffin. Subsequently, the glands were sectioned into 5 um thick slices and underwent specific
staining protocols, including Hematoxylin-Eosin (HE) for morphometric analysis, Gomori’s
Trichrome (GT) for stereology, relative volume (%), and Periodic Acid-Schiff (PAS) for histochem-
ical analysis (Tolosa et al. 2003).
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For the morphometric analysis, 200 measurements were collected from each male and female
ventral prostate in the experimental groups (n =5). The images of the histological sections stain
with HE was captured using a Leica photomicroscope. The collected measurements (um) included
the epithelial height and the thickness of the muscle layer in the analyzed prostates. The Image
Software Pro-Plus version 4.5 for Windows was used for data analysis (Perez et al. 2016). The
secretory activity of the male ventral and female prostate was marked by examining histologic
sections stained with PAS stain under an optical microscope, facilitating the realization of this
analysis.

To determine the relative volume (stereology) of the different prostatic compartments (epithe-
lium, muscle, lumen, and stroma) in the studied experimental groups, we captured 30 random fields
from each group using slides stained with GT. The measurements followed the 130-point, 10-line
system proposed by Weibel et al. (1966). Using this approach, we collected data for each analyzed
field, enabling the calculation of the relative frequency of the epithelial, muscular, stromal, and
luminal compartments within the prostate gland. For morphological and morphometric analyses of
the prostates, images were taken using a Leica photomicroscope (DM750).

Statistical analysis

Statistical analyses of morphometric data were performed using spreadsheets and graphs in
GraphPad Prism 5.00 software. Firstly, the data obtained in this study were assessed for normality
using the Kolmogorov-Smirnov test. For data with non-parametric distribution, the Kruskal-Wallis
test was applied, while data with parametric distribution underwent analysis of variance (ANOVA),
followed by multiple comparisons between groups using the Tukey test. The significance level
adopted was 5% (p < 0.05), and the results were expressed as mean + standard deviation (SD).

Results
Morphometry analysis of the male prostate

Table 1 presents the body weights of male gerbils, indicating a lower body weight in the Pe group
compared to the EE/Ve group. However, there were no significant changes observed in the absolute
and relative weight of the ventral prostate.

Histologically, the ventral male prostate exhibits acini coated by a columnar to cuboid simple
epithelium and is surrounded by fibromuscular stroma (Figure 2(a-c)). Prenatal exposure to
ethinylestradiol and pequi oil altered the morphological standard of this gland during aging.
Microscopically, the presence of prostatic intraepithelial neoplasia (PIN) and changes in the
glandular morphometry were observed (Figure 2(g,h)).

Morphometric data revealed an increase in the epithelial height of the ventral male prostate in
the EE group compared to the other groups. However, the prostatic epithelium in the male EE/Ve,

Table 1. Biometric data of male and female gerbils of the experimental groups. The data are expressed as mean + SD (n=5).

PARAMETERS CONTROL EE/Ve EE EE/Pe Pe
MALE

Body weight (g) 83.63+9.70°° 9265+9.14°  85.60+10.82°° 9.18+1248*° 7.12+1353°
Ventral prostate (g) 0.03+002° 003+001°  0.026+0.01° .04+0.02° .03+0.01°
Relative of the ventral prostate (mg) 0.34+021°  0.32+0.14° 0.38+0.18° 48 +0.26° .54 +0.25°
FEMALE

Body weight (g) 68.89+9.51° 6500+870°  69.71+547°  69.84+7.85  69.75+6.30
Urethra and prostate (g) 0.06+0.01°  0.03+0.005*" 0.02+0.01° .05+0.03*° .04 +0.03*°
Relative of the urethra and prostate (mg)  0.93 £0.23% 0.66 +0.06*®  0.34+0.08° 83 +0.46% 1.01 £0.57°

Significantly difference groups are denoted by superscript letters (a,b) with p < 0.05.
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Figure 1. Experimental design utilized in the study. Pregnant females in the control group received no treatment. The EE group
received a treatment of 15 pg/kg/day of EE2, while the EE/Ve group received 1 ml/day of the vehicle containing EE2. Both
treatments were administered from the 18th to the 22nd day of pregnancy. From the 18th to the 26th day of pregnancy, the Pe
group was treated with 300 mg/kg of pequi oil, and the EE/Pe group received 300 mg/kg of pequi oil along with 15 pg/kg/day of
EE2, but only between the 18th and 22nd days of pregnancy. Both male and female pups were euthanized upon reaching 12
months of age.

EE/Pe, and Pe groups decreased significantly compared to the control group, especially in males
exposed to ethinylestradiol (Figure 2(p)). Other alterations observed were in the thickness of the
muscle layer surrounding the ventral male prostate. Compared to the control group, the vehicle
group exhibited a decrease in the muscle layer, and this decrease was less pronounced in the other

groups (Figure 2(q)).

Morphometry analysis of the female prostate

In the experimental group of female gerbils, there were no significant alterations in body weight.
However, the weight of the urethra and female prostate in the EE group was smaller compared to
the control group. Furthermore, within the EE group, the relative weight of these structures
decreased when compared to the EE/Pe and Pe groups (Table 1).

The female prostate is primarily located paraurethrally and consists of acini. These acini are
surrounded by a similar epithelium, akin to the one found in the ventral male prostate. This
epithelium exhibits significant secretory activity and is encircled by fibromuscular tissue (Figure 3
(a-c)). Prenatal exposure to EE2 resulted in the development of microinvasive carcinoma
(Figure 3(g)) and prostatic intraepithelial neoplasia (PIN) during the aging process (Figure 3(h)).
It’s study noting that distinct morphometric alterations were observed in the glands of the experi-
mental groups (Figure 3(p,q)).

The acinar epithelial height was notably reduced in the female prostate for the EE/Ve, EE/Pe, and
Pe groups when contrasted with both the control and EE groups (Figure 3(p)). Regarding the
muscular layer, a significant augmentation was evident in the EE group when compared to the EE/
Ve group. This increase was similarly observed in the EE/Pe and Pe groups in comparison to the
control, EE/Ve, and EE groups (Figure 3(q)).

Stereology and histochemical analysis

Table 2 presents the relative volume (stereology) (%) of prostatic compartments in male and
female gerbils from the experimental groups. The Pe group showed a significant increase in the
luminal compartment of the female gerbil prostate compared to the EE/Ve and EE groups. The
muscular compartment of the prostate gland in the Pe group showed a reduction compared to
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Figure 2. Histological sections of the ventral male gerbil prostate from the experimental groups were subjected to Hematoxylin-
Eosin (HE) staining (A to O) for morphological analysis. The glands were characterized by different components including
epithelium (ep), muscular layer (mu), luminal region (Lu), and stromal compartment (St). Notably, a specific detail highlighting
the presence of prostatic neoplasia intraepithelial (PIN) was observed (arrow) in the EE group’s gland (C and H). A graphical
representation depicted epithelial height (P) and muscle layer thickness (Q). The results were presented as mean + SD. Significant
differences among the groups were indicated by superscript letters (a,b, ¢) with p < 0.05.

the group. The stromal compartment of the prostatic gland in females that received EE2 and
pequi oil during the prenatal period was smaller in comparison to the EE/Ve group. In relation
to relative volume of the epithelium observed a reduction in the ventral male prostate of EE
group when compared to the control group. These morphological findings are depicted in
Figure 4(a-g).

When examining male stereology, a significant increase in the prostatic lumen was observed in
the ventral prostate of gerbils exposed to EE2, setting it apart from the other experimental groups.
Conversely, a substantial reduction in prostatic lumen size was noted in the EE/Pe group when
compared to the EE group. Additionally, a decrease in lumen size was evident in animals exclusively
exposed to pequi oil, in contrast to the EE and EE/Pe groups.

The relative volume of the muscular compartment within the ventral male prostate exhibited
a significant increase in the EE/Pe group as compared to the EE group. This elevation in relative
volume was also evident in the Pe group when compared to the EE/Ve and EE groups. Regarding
the stromal compartment, a noteworthy and statistically significant increase was observed solely in
the ventral male prostate of the Pe group, distinguishing it from the control group (Figure 4(h-n)).
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Figure 3. Histological sections of the female gerbil prostate from the experimental groups were subjected to Hematoxylin-Eosin
(HE) staining (A to O) for morphological analysis. The gland’s morphological features were characterized, including prostatic
acinus (a), epithelium (ep), muscular layer (mu), luminal region (Lu), and stromal compartment (St). Notably, the presence of
prostatic neoplasia intraepithelial (PIN) was observed in the EE group’s gland (C and H), indicated by asterisks. A graphical
representation illustrated epithelial height (P) and muscle layer thickness (Q). The results were presented as mean =+ SD.
Significant differences among the groups were denoted by superscript letters (a,b,c) with p < 0.05.

Table 2. Relative volume (%) of prostatic compartments in male and female gerbils of experimental groups. The data are

expressed as mean £ SD (n =5).

PARAMETERS CONTROL EE/Ve EE EE/Pe Pe
MALE

Stereology of the Epithelium (%) 33.92+12.03°  3042+1269*® 21.46+871° 2649 +10.60*° 2895 +13.70*"
Stereology of the Lumen (%) 26.15+13.23*  30.26+ 1359 4558+ 17.85° 3387+1476°  236+13.12°
Stereology of the Muscle (%) 1246 +8.02*P¢ 1228+9.82*°  042+566°  14.18+3.94°¢ 16,62 +8.04
Stereology of the Stroma (%) 27.72£1741°  2729+1334%° 1927+8.07°°  2546+16.78*° 34.08+17.33"
FEMALE

Stereology of the Epithelium (%) 17.05+9.16°  14.10+4.12° 18691001 14.82+6.85  17.40+1122°
Stereology of the Lumen (%) 29.83+1800* 16414325  21.77+1276°  39.42+23.07*° 3692+ 14.80°
Stereology of the Muscle (%) 836+5.88%°  910+£355*°  12.87+1458°  925+7.80*°  510+258°
Stereology of the Stroma (%) 4197 £1833*" 60.38+£822° 4667 +14.18*° 37.08+2041°  461+2159*°

Significantly difference groups are denoted by superscript letters (a,b,c) with p < 0.05.
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Control

Figure 4. Histological sections of the female prostate and ventral male prostate from the experimental groups were subjected to
GOmori's trichrome (GT) staining (A to N) to characterize the prostatic compartments. The luminal region (Lu) and stroma (St)
were specifically examined. Additionally, sections were stained with Periodic Acid-Schiff (PAS) (O to X) to provide insights into
glandular secretory activity. The presence of prostatic secretion within the luminal compartment was marked by asterisks.
A detailed examination revealed an increase in this secretion’s appearance in the female prostate (yellow asterisk).

The Figure 4(o-x) illustrates the secretory activity observed in the glandular prostatic tissue of
both female and male gerbils belonging to the experimental groups. The histological sections,
positively stained with PAS, accentuate this activity, particularly noticeable in the luminal area.
Notably, the female prostate of the EE/Pe group exhibited an abundance of secretions within the
lumen when juxtaposed with the treated group of females (Figure 4(o-s)). Conversely, in the male
ventral prostate, this disparity was not observed (Figure 4(t-x)).

Discussion

Our study delved into the consequences of prenatal exposure to ethinylestradiol and pequi oil on
the morphometry and morphology of prostatic tissue in both aging male and female gerbils.
Notably, our research revealed distinct outcomes of this exposure on the glands. These observations
align with previous research where singular exposure to EE2 was the focal point (Perez et al. 2016).
Importantly, these findings emphasize the gerbil as a valuable experimental model for advancing
research in the field of reproductive biology (Ruiz et al. 2023). This work holds the distinction of
being the pioneering study in investigating the effects of pequi oil on both male and female
prostates.

Male and female rats aged 8-10 weeks were administered doses of pequi oil via gavage over
a 24-day period. Notably, a reduction in body weight was observed in males receiving 1000 mg/
kg, while females did not exhibit this reduction (Traesel et al. 2016). A separate study involving
humans indicated that the consumption of pequi oil capsules (at 400 mg/kg) over 14 days led to
a decrease in total cholesterol and LDL levels in men above 45 years of age, in comparison to
women (Miranda-Vilela et al. 2009). In our research, male gerbils received an oral dose of 300
mg/kg of the same oil during the prenatal period, resulting in a decrease in their body weight
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during aging. These findings collectively emphasize that irrespective of the concentration or
timing of pequi oil consumption, which contains a rich composition of monounsaturated and
saturated fatty acids (Nascimento-Silva and Naves 2019), it consistently influences body weight
in male rodents and men.

As noted by Cunha et al. (2009), changes in the relative weight of organs are indicative of
potential toxicity. In the case of female subjects exposed to EE2, a decline in both the relative and
absolute weight of the female prostate was observed. However, animals that received pequi oil did
not exhibit alterations in these measurements. Pequi oil exhibited no indications of maternal
toxicity, embryofetotoxicity, or developmental toxicity at any dosage level, even at 1000 mg/kg/
day. This suggests its potential safe use during pregnancy (Traesel et al. 2017). Our study reveals
that prenatal exposure to EE2 May lead to potential toxicity in the female prostate during aging,
whereas exposure to pequi oil does not seem to have this effect on the gland.

In gerbils, a higher incidence of prostatic lesions occurs during the aging process. These
disorders are linked to an increase in epithelial and stromal components, as evidenced by acinar
expansion and increased glandular presence. These alterations have been observed in both gland
types (Campos et al. 2008; Custodio et al. 2010). According to Perez et al. (2016), prenatal exposure
to EE2 (15 pg/kg/day) leads to an increased proliferation of epithelial cells and the development of
neoplastic lesions in both male and female gerbils during aging. However, both isolated exposure to
pequi oil and concurrent exposure to EE2 and exposure to vehicle (EE/Ve) led to a reduction in
epithelium height in the male and female prostate. Additionally, in male prostates, there was
a noticeable decrease in the thickness of the muscle layer.

According to Palmeira et al. (2016), the administration of pequi oil reduced the development of
liver preneoplastic lesions and induced remodeling of these lesions in mice. The chemopreventive
properties of the oil are likely attributed to its antioxidant content. In our study, we observed the
development of prostatic lesions in both males and females during aging, particularly following
prenatal exposure to EE2. This fact was not observed in the prostatic gland of animals exposed
prenatally to pequi oil, providing one of the initial pieces of evidence for the protective effect of
pequi oil on prostate tissue.

The stroma components, including smooth muscle cells, play a crucial role in maintaining the
normal physiological function of the gland, as well as in the development and progression of
prostatic disorders (Sanches et al. 2021). In female gerbils exposed to EE2 during the prenatal
period, an increase in the muscular layer thickness of the prostate has been observed, which is
linked to a higher occurrence of prostatic intraepithelial neoplasia (Perez et al. 2016). In our study,
we also noted an increase in the thickness of the prostatic muscle in female prostates of animals that
received isolated pequi oil and were concurrently exposed to EE2. However, the relative volumes of
the muscular and stromal compartments decreased in the Pe and EE/Pe groups, respectively.
Morphologically, the dosage of pequi oil was not found to be associated with the development of
prostatic disorders.

Studies have demonstrated that exposure to EE2 during developmental periods leads to distinct
alterations in the morphophysiology of the ventral male prostate and female prostate in gerbils as
they age (Perez et al. 2016; Fleury et al. 2021). Notably, the male prostate exhibited greater
sensitivity to the effects of this synthetic estrogen compared to the female gland, resulting in the
development of precancerous lesions in the ventral male prostate during the aging process (Perez
et al. 2016). Regarding exposure to pequi oil and the vehicle (mineral oil), it was observed that this
compound induced distinct morphological changes in these glands. However, pequi oil has the
potential to mitigate the alterations induced by exposure to the endocrine disruptor EE2.
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