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A B S T R A C T

Betamethasone is the drug of choice for antenatal treatment, promoting fetal lung maturation,
decreasing the incidence of respiratory distress syndrome and neonatal mortality. Previous studies
reported that prenatal treatment with this drug reduced testosterone levels, sperm quality and fertility in
adult rats. We aimed to further evaluate the reproductive consequences of prenatal betamethasone
exposure in male rats. Pregnant Wistar rats (n = 13/group) were separated into two groups: control
(vehicle) and betamethasone- treated (0.1 mg/kg IM) and rats were injected on gestational days 12, 13,
18 and 19. Body weight, sexual behavior, reproductive organ weights, serum hormone levels, accessory
glands contractility, sperm parameters, and fertility after in utero artificial insemination were evaluated.
Our results showed that prenatal betamethasone exposure provoked a significant reduction in body
weight at PND 01 and, at adulthood, decrease in FSH levels, sperm motility and production. Furthermore,
seminal vesicle weight was decreased while testicular and ventral prostate weights were increased.
Serum LH levels and the percentage of abnormal sperm were significantly increased. Although sexual
behavior was not altered, a significant reduction in fertility in the adult rats exposed prenatally to
betamethasone was noted. We concluded that prenatal betamethasone exposure leads to long-term
reproductive impairment in male rats. These results may have important implications for humans,
considering the use of this glucocorticoid in pregnant women.
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1. Introduction

Fetal lung maturation is important before birth to avoid the
respiratory distress syndrome, a serious complication of preterm
birth and the primary cause of early neonatal death (Jobe and Soll,
2004; Roberts and Dalziel, 2007). The treatment used for women at
risk of preterm birth to promote accelerating fetal lung maturation
is denominated antenatal corticosteroid therapy, and the drug of
choice is the glucocorticoid betamethasone (Drake et al., 2011).

Glucocorticoids play a key role in intrauterine programming,
inducing permanent changes in physiological systems (Fowden
and Forhead, 2004; Moisiadis and Matthews, 2014). (Fowden and
Forhead, 2004; Moisiadis and Matthews, 2014). An important
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target of fetal programing is the reproductive system, once effects
throughout the sexual development to adulthood can be observed.

The exposure to betamethasone in utero can promote changes
in brain development (Yawno et al., 2014), renal function (Bi et al.,
2014) and neuroendocrine alterations in different species (Mat-
thews, 2000) as well as suppression of maternal and fetal adrenal
(de Souza et al., 2001). Furthermore, the betamethasone was
responsible for several alterations on male reproductive system,
such as testis development in sheep (Pedrana et al., 2008; Pedrana
et al., 2013) and sperm quality, fertility and testosterone levels
when rats were exposed in utero at gestational days 12,13, 18 and
19 (Piffer et al., 2009a,b).

It is known that glucocorticoids, at high concentrations, can
reduce fetal testosterone, which is fundamental for sexual
differentiation (Corbier et al., 1992; Hardy et al., 2005; Page
et al., 2001; Ward and Weisz, 1984). Thus, the present study
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investigated the long-term reproductive effects on male rats
whose mothers were exposed to betamethasone during critical
days of sexual development, with emphasis on sperm quality and
fertility.

2. Materials and methods

2.1. Animals

Male (90 days old/300–350 g) and female (90 days old/225–
230 g) Wistar rats were obtained from the Multidisciplinary Center
for Biological Investigation, State University of Campinas and
maintained under controlled conditions (25 �C, 30% air humidity,
12/12-h light/dark cycle) with food and water available ad libitum.

The experimental procedures used in this study were approved
by the local Ethics Committee for the Use of Experimental Animals
of the University of São Paulo State (protocol number 451-CEEA) in
accordance with the Guide for the Care and Use of Laboratory
Animals (National Institutes of Health). All surgical procedures
were performed under ketamine-xylazine anesthesia and eutha-
nasia performed by decapitation following CO2 asphyxiation.

2.2. Experimental design

Two nulliparous female rats were mated with one male, during
the dark cycle of the photoperiod. The detection of sperm in the
vaginal smear of rats in estrus was considered as gestational day 1
(GD1). Pregnant and lactating rats were maintained in individual
cages.

Pregnant female rats were randomly allocated into two
experimental groups: control (treated with saline – vehicle,
n = 11) and treated (0.1 mg/kg; Betamethasone 21-phosphate
disodium – Sigma-Aldrich, St Louis, MO, diluted in vehicle,
n = 13). This dose was selected based on the dose used in clinic
for maternal treatment and modified to rodents (Piffer et al.,
2009a,b). Rats received an intramuscular injection of vehicle or
betamethasone on days 12, 13, 18 and 19 of pregnancy. The
injection protocol was based on the maternal corticosteroid
therapy adapted by de Souza et al. (2001) which takes into
account differences in the sexual differentiation in male fetuses
(Pereira and Piffer, 2005; Pereira et al., 2003; Piffer et al., 2009a,b).

After birth, on post-natal day (PND) 1, the litters were cutoff for
8 animals per dam, 4 males and 4 females at random. Then, the
male offspring was weighted. At PND 21, rats were housed in
separate cages (n = 4 males per cage). For the experiments herein
presented two male rats from each litter were used, divided into
two studies.

2.3. Study 1: sexual behavior, organ weights, hormones, sperm quality
and fertility

2.3.1. Evaluation of male sexual behavior
At PND 90, one male per litter was held placed in a cage alone

for 5 min prior to the introduction of a sexually receptive female
(70 days old). Paired animals were observed during the dark cycle
of the photoperiod. Males that did not mount the female in the first
10 min were considered sexually inactive. Male sexual behavior
was evaluated for 40 min and included the following parameters:
latency to the first mount; latency to the first intromission; latency
to the first ejaculation; number of intromissions until the first
ejaculation; latency of the first post-ejaculatory intromission;
number of post-ejaculatory intromissions; and total number of
ejaculations.
2.3.2. Organ weights
Thirty days later, these same animals tested for sexual behavior

were weighed and euthanized by CO2 asfixiation followed by
decapitation. Then, blood was collected (9:00 and 11:30 AM) from
the ruptured vessels and the right testis (intact and without the
albuginea and fluid), epididymis, seminal vesicle (full and empty,
without the coagulating gland), and ventral prostate were
dissected out and weighed. The sexual glands were discarded.
The parenchyma of right testis was obtained by cutting out the
albuginea and removing the testicular fluid by centrifugation
(3000 rpm) for 30 min at 4 �C and frozen at �20 �C for posterior
sperm counts. The right epididymal cauda was used for sperm
collection for intrauterine artificial insemination and the remain-
der tissue was frozen for sperm counts, as well as the epididymal
caput/corpus. The left testis and epididymis were kept frozen for
future studies.

2.3.3. Fertility assessment
Eight animals per group were used for fertility assessment

using in utero artificial insemination (Kempinas et al., 1998a;
Klinefelter et al., 1994). In brief, females in LHRH-induced
proestrus were paired with sexually experienced vasectomized
males for 1 h. Receptive females were selected for the insemination
procedure. Sperm were released from the right proximal epididy-
mal cauda, first site where fertile sperm is encountered in the rat,
by nicking the duct and collecting the sperm in 1–2 ml of modified
human tubular fluid (HTF) medium (Irvine Scientific). After a 10-
fold dilution, sperm were counted and each uterine horn was
injected with a volume containing 5 �106 sperm. One female was
inseminated per male and when insemination was completed, the
abdominal musculature was sutured. All surgery was performed
under ketamine-xylazine anesthesia, and all efforts were made to
minimize suffering.

Twenty days later, the females were euthanized by decapitation
to enable fertility evaluation. After collection of the uterus and
ovaries the numbers of corpora lutea, implants and reabsorptions
were recorded and the following endpoints determined: fertility
potential (efficiency of implantation): implantation sites/corpora
lutea � 100; rate of pre-implantation loss: (number of corpora
lutea � number of implantations/number of corpora lutea) � 100;
rate 4of post-implantation loss: (number of implantations � num-
ber of live fetuses)/number of implantations � 100.

2.3.4. Sperm motility
Sperm motility was evaluated in the same sperm sample used

for artificial insemination. For this, an aliquot of 10 ml of sperm
suspensions was immediately transferred to a Makler chamber
maintained at 34 �C. Using a phase-contrast microscope (400�
magnification), 100 sperm were counted and classified as Type A
(mobile with progressive movement) Type B (mobile without
progressive movement) and Type C (immobile).

2.3.5. Sperm morphology
An aliquot of 100 ml of the sperm suspension was added to

900 ml of formol saline. To analyze sperm morphologically, smears
were prepared on histological slides that were left to dry for 90 min
and 200 spermatozoa per animal were analyzed in a phase-
contrast microscope (400� magnification). Morphological abnor-
malities were classified into two general categories: head
morphology (without curvature, without characteristic curvature,
pin head or isolated form, i.e., no tail attached) and tail morphology
(broken or rolled into a spiral) (Filler, 1993). Sperm were also
classified as to the presence or absence of the cytoplasmic droplet.
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2.3.6. Serum hormonal levels
Serum was obtained by centrifugation (2400 rpm) for 20 min at

4 �C and stored at �20 �C. FSH and LH were assayed by double-
antibody method with specific kits provided by the National
Hormone and Peptide Program (Harbor-University of California at
Los Angeles). The primary antibody for FSH was anti-rat FSH-S11,
and the reference was FSH-RP2. The antiserum for LH was anti-rat
LH-S10 and the reference was RP3. The lower limit of detection for
FSH and LH were 0.2 and 0.04 ng/mL and the intra-assay
coefficients of variation were 3% and 3.4%, respectively. Serum
concentrations of testosterone were determined using specific kits
provided by MP Biomedicals (Orangeburg, NY, USA). The lower
limits of detection was 5 pg/mL and the intra-assay coefficient of
variation was 4%.

2.3.7. Sperm counts, daily sperm production, and sperm transit time
through the epididymis

Homogenization-resistant testicular spermatids (stage 19 of
spermiogenesis) were counted as described previously (Fernandez
et al., 2008; Robb et al., 1978), with following adaptations: briefly,
the testis, decapsulated and weighed soon after collection, was
homogenized in 5 ml of NaCl 0.9% containing Triton X 100 0.5%,
followed by sonication for 30 s. After a 10-fold dilution, one sample
was transferred to Neubauer chambers (4 fields per animal), and
mature spermatids were counted. To calculate the daily sperm
production (DSP), the number of spermatids at stage 19 was
divided by 6.1, which is the number of days of the seminiferous
cycle during which these spermatids are present in the seminifer-
ous epithelium. The caput/corpus and cauda epididymidis that
were frozen as mentioned previously were cut into small
fragments with scissors and homogenized, and sperm counted
as described for the testis. The sperm reservoir in the cauda region
was calculated by combining the number of cells in the sperm
suspension and the sperm count in the homogenized tissue. The
sperm transit time through the epididymis was determined by
dividing the number of sperm in each portion by DSP.

2.4. Study 2 – Pharmacological reactivity of isolated sexual glands

Five rats per experimental group (one per litter) were weighed
and euthanized at PND 90 by decapitation. A section of basal
ventral prostate and a lobule of seminal vesicle were prepared for
the in vitro tension recording as described below (Nojimoto et al.,
2009). Tissues were mounted in 10 ml organ baths in a modified
Tyrode’s solution at 30 �C under 9.8mN resting tension and allowed
a 30 min equilibration period. After the resting period, the tissues
were repeatedly challenged with 80 mM KCl every 30 min until two
Fig. 1. Body weight of (A) the betamethasone-treated group (n = 13 litters) and control gr
control group (n = 10) on the PND 120. Values are expressed as mean � SEM. ** p � 0.01
reproducible contractions were obtained. After that, a
cumulative concentration–response curve to norepinephrine
(NE, 10�8M � 10�4M) and carbachol (CCh, 10�8M–3.10�4M) were
obtained at 30 min interval. The maximal tension developed
(Emax, in milliNewtons, mN) and the potency of NE and CCh in
developing tension (pEC50, the �log of agonist concentration
inducing 50% of Emax) were evaluated.

2.5. Statistical analysis

Data are presented as mean � standard error of mean (SEM) or
median and interquartile range. Student’’s t-test was used for
comparison of parametric variables. Nonparametric data were
compared using Mann-Whitney test. Differences were considered
significant when p � 0.05. Statistical analyses were performed
using the GraphPad InStat software (version 5).

3. Results

Prenatal betamethasone exposure provoked a significant
reduction of male offspring weight at PND 1 (Fig. 1A) that did
not persist at PND 120 (Fig. 1B).

Sexual behavior was not significantly altered by betamethasone
treatment (Table 1). On the other hand, there was a significant
reduction in the fertility potential as well as an increase in pre-
implantation loss after intrauterine insemination (Table 2).

The hormonal levels showed a significant increase in LH and a
decrease in FSH levels in the betamethasone group (Fig. 2).
Testicular and ventral prostate weights were significantly
increased in the betamethasone group, while seminal vesicle
weight was significantly decreased (Table 3). There was an
increasing tendency, in the exposed group, in the difference
between total testicular weight and testicular weight without the
albuginea and fluid (control group: 0.47 � 0.04; betamethasone
group: 0.58 � 0.03; p = 0.07).

In the bethametasone group there was a significant decrease in
the percentage of progressive mobile sperm (Fig. 3A) and,
consequently, an increase in percentage of mobile sperm without
progressive trajectory in the betamethasone group (Fig. 3C).
Furthermore, sperm with progressive motility and fertility
potential were positively correlated (Fig. 3D). The percentages of
morphologically abnormal sperm and sperm with cytoplasmic
droplet increased (Table 4). The sperm transit time also increased
in the betamethasone group (Table 5). On the other hand, daily
sperm production and the number of sperm in the epididymal
cauda were significantly decreased (Table 5).
oup (n = 11 litters) on PND 01 and (B) the betamethasone-treated group (n = 10) and
 (Student’’s t-test).



Table 2
Fertility after artificial insemination.

Parameters Control (n = 07) Betamethasone (n = 08)
bPregnancy rate (%) 85.72 87.50
bFertility potential (%) 70.59 52.13*
bPre- implantation loss (%) 29.41 47.87*
bPost- implantation loss (%) 29.69 16.67
cBody weight of dams (g) 304.30 � 3.09 291.50 � 7.58
cUterus weight with fetuses (g) 8.25 � 0.79 8.36 � 1.79
cCorpora lutea number 11.33 � 0.84 13.36 � 0.72
cImplantation number 7.92 � 1.04 6.93 � 1.44
cReabsorption number 2.42 � 0.95 1.14 � 0.40
cFetus weight (mg) 315.70 � 7.43 293.80 � 7.86a
cPlacental weight (mg) 258.20 � 7.71 277.80 � 12.27

* p < 0.05 (Chi-Square test).
a p = 0.0712.
b Values expressed as percentage.
c Values expressed as mean � SEM. (Student’s t- test).

Table 1
Male sexual behavior.

Parameters Control (n = 11) Betamethasone (n = 13)

Latency to the first mount (s) 79.00 (48.00–91.00) (n = 11) 69.00 (46.00–105.00) (n = 13)
Number of mounts until the first ejaculation 12.00 (6.00–19.00) (n = 11) 13.00 (9.50–18.00) (n = 13)
Latency to the first intromission (s) 156.00 (71.75–328.80) (n = 10) 152.50 (81.00–244.80) (n = 10)
Number of intromissions until the first ejaculation 46.00 (27,25–66.75) (n = 10) 38.00 (28.75–47.00) (n = 10)
Latency to the first ejaculation (s) 1581.00 (1173.00–1794.00) (n = 9) 1124.00 (761.00–1467.00) (n = 9)
Latency of the first post-ejaculatory mount (s) 240.50 (94.25–283.30) (n = 8) 252.50 (198.00–290.30) (n = 8)
Number of post-ejaculatory mounts 3.00 (1.00–4.00) (n = 8) 3.00 (1.25–9.00) (n = 8)
Latency of the first post-ejaculatory intromission (s) 243.50 (94.75–283.30) (n = 8) 252.50 (201.00–290.80) (n = 8)
Number of post-ejaculatory intromissions 9.00 (4.25–19.25) (n = 8) 11.50 (8.50–13.75) (n = 8)
Total number of ejaculations 1.00 (1.00–2.50) (n = 9) 2.00 (1.00–3.00) (n = 9)
Ejaculatory plugs (mg) 63.70 (56.05–86.50) (n = 10) 68.30 (39.70–93.20) (n = 11)

Values expressed as median and interquartile intervals (first to third). Mann-Whitney test.
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Fig. 4A shows that the potency of NE (adrenergic agonist) in
inducing contractions in the isolated seminal vesicle was
comparable between groups (control group: pEC50 = 5.431
� 0.1618; betamethasone group: pEC50 = 5.478 � 0.1235).
However, the maximal tension developed (Emax) for NE in the
Fig. 2. Hormonal levels in the male offspring of treated and control groups on 
betamethasone group was increased compared to the control
(p < 0.05, Fig. 4B). The same pattern was registered for CCh (Fig. 4C
and D) a cholinergic agonist (control group: pEC50 = 4.828
� 0.1456; betamethasone group: pEC50 = 4.790 � 0.1168).

For ventral prostate (Fig. 5) the potency of NE (control group:
pEC50 = 6.287 � 0.3704; betamethasone group: pEC50 = 6.199
� 0.2846; p > 0.05) and CCh (control group: 4.618 � 0.1251;
betamethasone group: 4.842 � 0.2281; p > 0.05) were similar. In
the same way, the Emax for NE and CCh were comparable between
groups.

4. Discussion

In the past few years much has been discussed about the long-
term effects caused by the intrauterine programming in physical
and behavioral health of fetuses exposed to glucocorticoids,
particularly betamethasone (Bi et al., 2014; Drake et al., 2011;
Iqbal et al., 2012; Manojlovic’-Stojanoski et al., 2012; Pedrana et al.,
2008, 2013; Piffer et al., 2009a,b; Yawno et al., 2014). In a previous
work (Piffer et al., 2009a) we observed decrease in fertility after
natural mating, lower sperm production, rate of normal morphol-
ogy and motility, in adult rats whose mothers were exposed to
betamethasone in critical periods of prenatal sexual differentia-
tion. Considering the use of betamethasone as the drug of choice
PND120. Values are expressed as mean � SEM. * p � 0.05 (Student’s t-test).



Table 3
Body and organ weights.

Parameters Control (n = 11) Betamethasone (n = 13)

Final body weight (g) 488.30 � 7.16 467.10 � 10.60
Total testis (mg) 1793.00 � 23.89 1858.00 � 19.90*

Parenchyma of testis (mg) 1300.00 � 50.00 1260.00 � 41.00
Testis (%) 0.37 � 0.01 0.41 � 0.01**

Epididymis (mg) 556.20 � 12.52 556.90 � 11.12
Epididymis (%) 0.11 � 0.004 0.12 � 0.003
Ventral prostate (mg) 386.00 � 15.34 457.40 � 21.67*

Ventral prostate (%) 0.08 � 0.003 0.10 � 0.004**

Seminal vesicle (mg) 1266.00 � 48.69 1163.00 � 49.43*

Seminal vesicle (%) 0.26 � 0.011 0.25 � 0.007
Seminal vesicle fluid (mg) 923.10 � 44.86 782.40 � 40.35*

Values expressed as mean � SEM. Student’’s t-test.
* p � 0.05.
** p � 0.01.

Table 4
Sperm morphology.

Parameters Control (n = 10) Betamethasone (n = 10)

Normal sperm (%) 96.00 (95.00–98.00) 89.00 (86.00–92.50)*

Anormal sperm (%)
Isolated head 1.00 (0.50–2.00) 4.00 (2.00–5.50)*

Head without curvature 2.00 (0.00–3.50) 5.00 (1.00–8.00)
Broken tail 0.50 (0.00–1.00) 1.50 (0.00–3.25)

Cytoplasmic droplet (%) 25.00 (17.50–26.00) 31.00 (28.50–36.50)*

Values expressed as median and interquartile intervals (first to third).
* p � 0.05 (Mann-Whitney test).
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for antenatal treatment for fetal lung maturation, in the present
work we further investigated long-term effects of intrauterine
betamethasone exposure on reproductive parameters of adult
male rats.

Rodents produce an excess of qualitatively normal sperm
(Amann, 1982). Intrauterine artificial insemination is a technique
that increases the sensitivity of fertility tests and sperm quality
evaluation (Amann 1986; Kempinas and Klinefelter, 2010), once
this technique excludes the interference of factors such as altered
sexual behavior pattern and reduction in ejaculated sperm number
(Fernandez et al., 2008). In the present work the reduction in
fertility potential and an increase of pre-implantation loss were
observed in the group exposed to betamethasone. These results
were probably due to the decrease in sperm motility and normal
morphology, as shown by the positive correlation between these
Fig. 3. Sperm Motility in male offspring of treated and control groups. (A) Type A: mobil
Type C: immobile. (D) Scatter plot depicting the correlation between fertility potential 

6 animals of the betamethasone-treated group). Values are expressed as median and i
parameters, corroborating previously data on the betamethasone
negative impact on sperm quality and fertility (Piffer et al., 2009a).

Betamethasone acts, directly, on genes and, indirectly, through
changes in the bioavailability of several types of hormones. Since
hormones regulate fetal growth and the development of individual
fetal tissues, glucocorticoids have a central role in intrauterine
programming (Moisiadis and Matthews, 2014), promoting changes
that can be transient or persist into postnatal life (Manojlovic’-
Stojanoski et al., 2012; Matthews, 2000).

Glucocorticoids, when applied during gestation, affect gonadal
function at multiple levels in hypothalamo-pituitary-gonadal
axis. In the hypothalamus, decreasing the synthesis and release of
GnRH. Inhibiting the synthesis and release of LH and FSH in the
pituitary gland, and directly in the testis, modulating steroido-
genesis and gametogenesis (Whirledge and Cidlowski, 2010).
These same authors (Whirledge and Cidlowski, 2013) showed
that glucocorticoids can inhibit directly testicular LH receptor
numbers.

In the present work FSH was decreased and LH increased after
prenatal betamethasone exposure, although testosterone, mea-
sured at adulthood, did not change, as well as the sexual
e with progressive trajectory, (B) Type B: mobile without progressive trajectory; (C)
(%) and progressive sperm motility (%); n = 12 (6 animals of the control group and
nterquartile intervals (first to third). *p � 0.05, **p � 0.01 (Mann-Whitney test).



Table 5
Sperm counts.

Parameters Control (n = 09) Betamethasone (n = 10)

Sperm count in the testis
Mature spermatids number (x106/testis) 264.80 � 8.35 197.30 � 23.11*

Relative spermatids number (x106/g/testis) 203.70 � 5.36 157.00 � 19.13*

Daily sperm production (x106/testis/day) 43.35 � 1.35 32.34 � 3.78*

Relative daily sperm production (x106/testis/g/day) 33.39 � 0.87 25.73 � 3.14*

Sperm count in the epididymis
Sperm number in caput/corpus (x106/organ) 95.09 � 8.14 91.03 � 7.42
Sperm number in cauda (x106/organ) 234.60 � 11.28 182.80 � 10.01*

Sperm transit time in caput/corpus (days) 2.24 � 0.19 3.57 � 0.77
Sperm transit time in cauda (days) 5.55 � 0.33 7.71 � 1.30
Total sperm transit time (days) 7.78 � 0.46 12.08 � 1.94*

Values are expressed as mean � SEM.
* p < 0.05 (Student’s t-test).
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behavior. Thus, it is possible that, throughout development, by a
mechanism of adaptation, the pattern of synthesis of LH
hormone changed, in order to guarantee normal testosterone
levels in adulthood. On the other hand, the reduction in FSH
levels can be correlated with the decrease in sperm production
in the betamethasone group. It is known that this hormone is
important for spermatogenesis and acts optimizing germ cell
production (O’Shaughnessy, 2014).

The first change promoted by intrauterine betamethasone
exposure is lowering birth weight (Braun et al., 2015; Fowden and
Forhead, 2004). In the present work the decrease in body on PND
01 did not persist into adulthood, confirming data from the
literature, in which fetuses with intrauterine growth restriction
catchup development and accelerate weight gain during their
Fig. 4. Seminal vesicle: effects of in vitro norepinephrine and carbachol. (A) Concentra
presence of NE in the control (n = 4) and betamethasone group (n = 4). (C) Concentration-
presence of carbachol in the control (n = 4) and betamethasone group (n = 4). Values ar
different between NE curves (ANOVA, followed by Dunnett).
postnatal development (Barker and Thornburg, 2013; Moisiadis
and Matthews, 2014).

Alteration of the reproductive organ weights, an indicator of a
toxic effect on reproduction (Clegg et al., 2001), can influence
directly male sperm quality and fertility.

Sperm motility and fertility capacity are acquired during
epididymal transit, under the control of androgens and sympa-
thetic innervations (Kempinas et al., 1998a,b; Robaire et al., 2006).
It is known that acceleration of epididymal sperm transit time can
lead to lower sperm quality (Fernandez et al., 2008; Klinefelter and
Suarez, 1997). Thus, the reduction of sperm quality observed in the
intrauterine betamethasone exposed group might be due to an
alteration on luminal epididymal microenvironment (for review,
see De Grava Kempinas and Klinefelter, 2014).
tion-response curves to NE and (B) The maximal tension (Emax) developed in the
response curves to carbachol and (D) the maximal tension (Emax) developed in the
e expressed as mean � SEM. * p � 0.05 (Student’s t-test). Values of pEC50 were not



Fig. 5. Ventral prostate: effects of in vitro norepinephrine and carbachol. (A) Concentration-response curves to NE and (B) The maximal tension (Emax) developed in the
presence of NE in the control (n = 4) and betamethasone group (n = 4). (C) Concentration-response curves to carbachol in the control (n = 4) and betamethasone groups (n = 4).
Values are expressed as mean � SEM. * p � 0.05 (Student’s t-test). Values of pEC50 were not different between NE curves (ANOVA, followed by Dunnett).
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In this study, prenatal betamethasone treatment was associated
with reduced seminal vesicle fluid with no alteration in the
seminal vesicle parenchyma. During the emission phase of
ejaculation, the seminal fluids produced by the seminal vesicles
and prostate are deposited into the urethra by rhythmic
contractions of smooth muscle induced by sympathetic and
parasympathetic nervous system (Giuliano and Clement, 2005).
These contractions are induced by activation of a1-adrenoceptors
and muscarinic acetylcholine receptors by released norepineph-
rine and acetylcholine, respectively (Fedan et al., 1977; Penne-
father et al., 2000). Thus, the seminal vesicles from
betamethasone-treated rats presented increased contraction to
a1-adrenoceptor and muscarinic acetylcholine receptor activation
suggesting the decreased fluid amount remaining in the seminal
vesicles could be a result, at least in part, of increased output
during the ejaculation.

Interestingly, these effects of prenatal betamethasone on
genital smooth muscle contractility seems to be organ-specific,
since the prostate contraction to a1-adrenoceptor and muscarinic
acetylcholine receptor activation were not changed. The increase of
ventral prostate weight observed in this current work could be
correlated to the higher LH levels, once this hormone acts on
glandular epithelium increasing fluid production and/or promotes
prostate hypertrophy (Ponglowhapan et al., 2012; Reiter et al.,
1999).

Glucocorticoids have been shown to program testicular
function permanently (Pedrana et al., 2008, 2013). In the current
work, testicular weight was significantly increased in the
betamethasone group. Taken into consideration that in these
same animals there was a decrease in sperm production, it is
possible this effect results from fluid accumulation, once we noted
a difference between the total testicular weight and testicular
parenchyma, but this hypothesis needs to be further investigated.

In conclusion, prenatal betamethasone exposure leads to long-
term reproductive impairment in male rats. These results may be
probably due to intrauterine programming and have important
implications for humans, considering the use glucocorticoids in
pregnant women.
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