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Abstract

We studied the sexual behavior and prostate histology in a male rat model of autism. Autistic males
displayed every known parameter of mating but most of them not at normal levels. Patterns indicated
decreased motivational states and a reduced potency for penile erection and ejaculation, suggesting
alterations in central and autonomic pathways. The histology of the prostate revealed dysplasia and
anisokaryosis, indicating a possible risk of cancer development. While sexual behavior and reproductive
physiology are present in rats with induced autism, the execution relies on inadequate behaviors and
several alterations that could result in infertility and prostate cancer.
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Resumen

En el presente trabajo estudiamos la conducta sexual y la histologia de la prostata en un modelo de
autismo en ratas macho. Los machos auitstas presentaron todos los parametros conocidos de la copula
pero la mayoria de ellos fuera de los niveles normales. Los patrones de conducta indicaron un
decremento en el estado motivacional y una reduccion en la potencia para la ereccion peneana y la
eyaculacion, sugiriendo alteraciones en vias centrales y autonémicas. La histologia de la proéstata reveld
la presencia de displasia y anisocariosis, indicando un posible riesgo para el desarrollo de cancer. Asi, la
conducta sexual y la fisiologia reproductiva estan presentes en ratas con autismo inducido, pero la
ejecucion se realiza con conductas inadecuadas y con diversas alteraciones que pueden resultar en
infertilidad y cancer de prostata.
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I. Introduction

Autism is a spectrum of neurodevelopmental
disorders with growing concern due to the high
prevalence that is observed in children all over
the world, with boys being more affected than
girls in a 4:1 ratio. Autism has a wide spectrum
of behavioral alterations; however, in most
cases, it is not a life-threatening disorder. Thus,
autistic children grow up to reach puberty and
become sexually mature. Then, they face a new
challenge, i.e., dealing with its own reproductive
biology. Sexual education is a complex issue for
adolescents with autism! although most of them
display reproductive responses such as
menarche? or normal plasma androgens,? and in
turn show sexual drive and accompanying
behaviors, but they are displayed out of the
social norms# The sexual behavior and
physiology of reproduction in adolescents and
adults with autism is still poorly understood,
which affects the development of effective
therapies and educational strategies. Thus, in
this work we used a recognized rat model of
autism to get further knowledge.

The laboratory rat has two remarkable
features, it is an appropriate model of autism,
and its sexual behavior and reproductive
physiology have been thoroughly
characterized.>=Z Two widely used rat models of
autism is obtained by exposing embryos or pups
to valproic acid (VPA). Rat embryos exposed to
VPA on days | 1.5 to 12.5 of gestation have a
number of neuronal alterations that make them
display autistic behaviors as newborns, being a
useful procedure for the study of autism.?-12
The other VPA rat model of autism is obtained
with a daily exposition to VPA from postnatal
day 6 to day 12.13 While VPA induced autistic
rats have been used to study behavioral,
anatomical, and physiological aspects of autism
there is no characterization of their sexual
behavior and reproductive physiology. In this
work, we studied sexual behavior in the
postnatal VPA model of autistic male rats, as a
first approach to characterize the physiological
effects of autism in adolescence and adulthood.
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The sexual behavior and reproduction of
male rats have been thoroughly documented,
and abundant literature dealing with its neural,
endocrine, cellular, and molecular basis is
available.57.14-16  Behavioral patterns during
copulation are identified as mount,
intromission, and ejaculation, and are recorded
as latencies for the first execution of each
pattern and the frequency in which they are
displayed in a single sexual bout. A male displays
several mounts and intromissions until reaching
ejaculation. After a refractory period, the male
can display another group of patterns and a
second ejaculation, and so on until reaching a
state of exhaustion following several
consecutive ejaculations. Quantification of
these patterns have been useful to determine
different aspects of reproduction in male rats
after specific experimental procedures. We
have reported that the transection of the
visceral branch of the pelvic nerve alters sexual
behavior due to changes in the processes of
penile erection and ejaculation.\? In contrast,
transection of the somatomotor branch did not
affect sexual behavior but produced a decrease
of the ejaculated seminal plug that reduces the
fertility ratio of males, suggesting a reduction in
the forceful tension required to expel the
semen from the prostatic urethra to the female
vagina.Z Thus, quantification of altered sexual
behavior in male rats provides information on
the  underlying  physiological  changes.
Therefore, here we used this behavior in order
to propose some physiological status in the
autistic male rat.

In addition to understanding how the
nervous system affects sexual behavior in
autistic individuals, it is important to understand
its effects on the whole reproductive system. In
this study we focused on the prostate gland as
a first approach. The prostate is the largest
sexual gland in the male rat reproductive tract
that produces essential substances for the
potency of sperm to fertilize eggs within the
female reproductive tract. It is located at the
proximal region of the urethra, the prostatic
urethra, as a well-defined globular gland
showing two  distinctive regions, the
dorsolateral and the ventral prostate, and the
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execution of sexual behavior leading to
ejaculation has important effects on the
endocrine responses of this gland.¢6 We have
shown that minor endocrine alterations, as the
modification in serum prolactin levels, which do
not affect the execution of male sexual
behavior, produced significant changes at the
prostate epithelium that could account for
triggering the development of hyperplasia or
cancer;!® and prolactin is a key hormone in
children with autism under pharmacological
treatment. Risperidone is one of the most used
medication in autistic children,!? and it is known
that this treatment produces
hyperprolactinemia.2 In this study we used VPA
induced autistic rats to characterize their sexual
patterns and to determine the histology of the
prostate epithelium.

2. Materials and Methods

Two groups of sexually active Wistar rats (250-
350 g/bw), two females and one male each,
were allowed to live together for 10 days to
ensure pregnancy.Z They were housed in plastic
cages (60 x 40 x 22 cm) containing wood chip
bedding and kept in a room maintained at 22 *
2°C and under a 12:12 LD light schedule (lights
on at 2200 h). Commercial pelleted rodent
chow (Harlan, Mexico) and water were
available ad libitum. After the initial 10 days,
females were placed in individual cages for the
rest of their pregnancy period. After birth, pup
males were randomly assigned to the control
group (Ctrl, n=7), or the VPA treated group
(VPA, n=10). The day of birth was determined
as postnatal day 0 (PO). Pups were continuously
observed for proper development, and from Pé
to P12 day received a daily i.p. injection of | ml
of saline solution 0.9% (Ctrl group) or VPA
dissolved in saline solution at a dose of 150
mg/kg. After injection, pups were returned to
their mothers, weaned on P2I, then housed
with males of their own group. Each procedure
was guided by the Society for Neuroscience
Policy on the Use of Animals in Neuroscience
Research and the Mexican Policy for the Use
and Care of Lab Animals (NOM-062-ZOO-
1999).
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Control and VPA males were allowed to
reach puberty (200-250 g/bw) to start the
execution of sexual behavior with intact-
developed ovariectomized receptive females.
Receptivity was induced after females were
injected subcutaneously with 10 ug of estradiol
benzoate and 2 mg of progesterone, 48 and 4 h
before tests, respectively. Once males reached
adulthood, mating tests were conducted during
the last third of the dark period. After 5 min
adaptation of the male in a Plexiglas cylindrical
arena (50 cm high x 50 cm diameter), a
receptive female was introduced. The
introduction of the female indicated the
beginning of the test, the end of the test was
after a 30 min period or after recording the
male ejaculatory pattern. One copulatory series
per animal was recorded twice a week until
complete five mating tests. If ejaculation
occurred, the couple was allowed to stay in the
arena for both, to detect the extent of the
refractory period and to determine the
proportion of males that started a second
copulatory series. Following the last mating
test, 5 males chose at random in each group
were anesthetized with an intraperitoneal
injection of sodium pentobarbital (60 mg/kg
bw). An abdominal midline longitudinal incision
was made to reach the prostate, and tissue
from the ventral (VP) and dorsolateral (DLP)
regions of the gland were removed and
processed for histology using the hematoxylin-
eosin method.

The stain with hematoxilin-eosin started by
immersing the prostate for 24 h in Helly fixative
(Mercuric Chloride 5%, Potassium Dichromate
2.5%, Sodium Sulfate 1%, and Formalin 37%).
Then the fixative was washed with tap water for
30 min. Dehydration was carried out by
immersing the prostate in ethanol 70% (I hr),
80% (I hr), 96% (3 times, 2 hrs each), absolute
ethanol (overnight), and absolute ethanol (2
times, | hr each). Clearing was done by
immersing the prostate in xylene (3 times, | hr
each). Both dehydration and clearing were
carried out under continuous shaking. Then,
the prostate was embedded in melted paraffin
(2 times, 2 hr each at 57°C) and a block was
done by using a microtome cassette. The
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paraffin block was sectioned on a Leica
microtome (5 u m). Sections were placed on a
mounting bath with gelatinized water at 52°C
and tissues mounted on slides that were placed
for | hrin an oven (~58°C). For staining, tissues
were immersed in xylene (3 times, 5 min each),
absolute ethanol/xylene I:1 (5 min), ethanol
96% (3 min), iodine alcohol (5 min), sodium
thiosulfate (10 min), tap water (2 min), Mayer's
Hematoxilin (10 min), tap water (30 sec), acid
ethanol (fast bath), tap water (10 sec), lithium
carbonate (30 sec), tap water (10 sec), Eosin Y
(4 fast baths), ethanol 96% (3 min), absolute
ethanol (2 min), absolute ethanol/xylene I:1 (2
min), and xylene (5 min). Finally, sections were
coverslipped with undiluted Permount. Each
slide had sections from just one region of the
prostate, i.e.,, we obtained ventral slides and
dorsolateral slides. The slides were observed in
an Olympus Provis AX-70 microscope, and
images obtained and analyzed with the Image-
Pro Plus software. Measures obtained were the
height of epithelial cells and the area of the
alveoli.

The recording of copulatory movements
guided the quantification of behavior. The
number of mounts (NM) and number of
intromissions (NI) represent their frequencies
before ejaculation. The time elapsed from the
introduction of the female with the male to the
first mount or intromission was recorded as the
latency of mount (LM) or latency of
intromission (Ll), respectively. If the first
copulatory movement executed by the male
was an intromission, then LM = LI. The time
elapsed from the first intromission to the
ejaculation was recorded as the latency of
ejaculation. A proportion of intromission (hits)
was obtained by computing NI/(NM+NI), the
result is known as the Hit Rate parameter of
copulatory behavior and reflects the capacity of
the male to intromit and, therefore, to have
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erection of the penis2!l According to the
experimental design, the graphs and statistical
analysis were done with Prism 8 (GraphPad
Software, Inc.) by using the Nested t test
procedure with significant comparisons when
p<0.05.

3. Results

Results showed that male rats with induced
autism display every known parameter of sexual
behavior. However, quantification of behavioral
displays indicates that some of them are not
expressed in the level measured for control
males. Hence, data indicated that both the
latency of mount and latency of intromissions
were increased (Fig. |); the number of mounts
had no change; and the number of intromissions
and the hit rate were reduced (Fig. 2). The
ejaculation pattern in the five tests was
observed in 85% of control males and in 20% of
autistic males, and these numbers precluded a
proper analysis of the latency of this parameter;
from these ejaculating males 71% of controls
started a second ejaculatory series, while only
10% of autistic males started it. Adjunct
behaviors were also modified in the autistic
group, i.e., sniffing was increased, and grooming
was reduced (Fig. 3).

The histological analysis showed that the
dorsolateral prostate had a cubic epithelium in
each control male, while 3 out of 5 autistic
males had an abnormal size or anisocytosis. The
image analysis also revealed an even interstitial
space with collagen in every control male, but
in 2 out of 5 autistic males the space was
compressed and showed mononuclear cells;
the nuclei had an homogeneous size with a
polarity basal location in control males, but in
every autistic male the polarity was lost and in
two males nuclei showed an abnormal size or
anisokaryosis. The ventrolateral prostate
showed similar alterations (Fig. 4).
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Figure I. The latencies of mount and intromission showed a significant Nested increase in the autistic group (VPA)
as compared with the control group (Ctrl), and the increase is observed in each of the five tests of the VPA group.
Each bar represents the median and the 95% confidence level per test in each group; circles on bars represents
the value obtained per animal, indicating how many males executed the behavior per test. LM: F(1,74)=21.24; LI:
F(1,58)=32.23; ** = p<0.0l.
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Figure 2. The number of intromissions and the hit rate showed a significant Nested decrease in the autistic group
(VPA) as compared with the control group (Ctrl), and the decrease is observed in each of the five tests of the
VPA group. Each bar represents the median and the 95% confidence level per test in each group; circles on bars
represents the value obtained per animal, indicating how many males executed the behavior per test. NI:
F(1,8)=37.94; HR: F(1,80)=87.61; ** = p<0.0l.
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Figure 3. Alteration of adjunct behaviors. The frequency of sniffing (FS) showed a significant Nested increase in
the autistic group (VPA) as compared with the control group (Ctrl), while the frequency of grooming (FG) showed
a significant decrease, and the respective change in both behaviors were observed in each of the five tests of the
VPA group. Each bar represents the median and the 95% confidence level per test in each group; circles on bars
represents the value obtained per animal, indicating how many males executed the behavior per test. FS:
F(1,8)=25.41; FG: F(1,8)=70.29; ** = p<0.01.
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Figure 4. Representative images of the dorsolateral prostate in a control male (left photo) and an autistic male
(right photo). The images reveal the differences between groups; it is remarkable the alteration in the epithelium

and nuclei. Calibration bars = 25 pm.

4. Discussion

The sensory processing behaviors related to
sniffing that we observed are consistent with
the reported behavior of autistic patients. Our
observation that autistic rats have increased
sniffing during sexual behavior is consistent with
a reduced sensitivity in olfactory tests of male
children with autism,2223 that are extended into
adult life.2# Olfactory processing is an important
issue in triggering sexual responses. Sexual
odors from the females activate the piriform
cortex,2 that is further activated during sexual
behavior,26 and that shows altered
cytoarchitecture in autism.2Z Hence, it seems
that the used autistic model rat has also
alterations in the olfactory pathway that explain
the increase in sniffing. We also suggest that the
decreased olfactory sensitivity in autistic rats
results in the reduction of the sexual motivation
state of the male. This reduced motivation is
observed in the increased latency of both
mounts and intromissions. It is known that
sexual motivation is under the control of
several brain structures, steroid hormones, and
neurotransmitters,22 making complex circuits
that might be altered in the autistic rats. The
social motivation theory of autism2? states that
disruption of motivational mechanisms is based
in brain structures as the amygdala, the ventral
striatum, and prefrontal cortex. Thus, our data
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suggest that the VPA induced rat model of
autism is a good model to test both the
physiological and anatomical correlates of the
social motivational theory of autism and the
overall physiology of sexual behavior.

The increased time in the latency and
reduction of the number of intromissions
indicate a lower potency for penile erection.
Similar results of these parameters were
observed previously in male rats after
transection of the viscerocutaneous branch of
the pelvic nerve.lZ Furthermore, it has been
suggested that reduced values of the hit rate
parameter are consequence of treatments that
alters the erectile potential or penile
sensitivity.2Zl The physiology of penile erection
relies on a complex system that involve
peripheral autonomic and central nervous
control as well as endocrine processes, but it is
completely unknown the function of each
system in autism. It is known, however, that
autonomic impairments in cardiovascular
physiology are found in autism,3¢ and that penile
erection is under autonomic control of vascular
events in the penile body.3l Thus, analyses of
our behavioral data suggest that some
autonomic functions could be altered in the
autistic rat.

Revista eNeurobiologia 10(25):280919, 2019



Ejaculation is a process that activates neural
circuits  involved in  dopaminergic and
serotonergic pathways,3233 as well as some key
areas as the amygdala and the cerebellum.3435
All these pathways and areas are altered in
autism.3¢32 Thus, the observed reduced
proportion of autistic males reaching
ejaculation suggests that they have alterations in
these structures. In a previous study we
showed that prenatal exposure to VPA alters
androgen receptors in the cerebellum of male
rats.l2 In combination with present study, the
results further support the hypothesis that the
neural alterations in the VPA rat model of
autism are on the regions that regulates
different aspects of male reproduction. On the
other hand, penile stimuli by intromissions or
ejaculation triggers the genital grooming
behavior that seems to be integrated in a
copulatory motor program.# This adjunct
behavior was reduced in the autistic rats,
indicating that its physiology is also altered in
autism. Therefore, it is concluded that there are
different misfunctions in several aspects of the
masculine sexual behavior in autism that suggest
a high tendency for infertility.

In addition to behavior, the histology of the
autistic prostate showed cellular
cytoarchitecture conditions, such as dysplasia
and anisokaryosis, that are consistent with
cancerous tissuetl Previously we reported
similar cellular changes in the prostate induced
by testosterone treatment.®2 We have also
shown that the execution of sexual behavior
produces an increase in both serum levels of
testosterone and androgen receptors in the
prostate.22 Furthermore, we also showed that
similar effects at the prostate are produced
after lesions of the autonomic nerves that
supply the gland.# All these data strongly
suggest that the prostate is an autism-sensitive
gland for the development of cancer and its
alteration could add to the behavioral tendency
for infertility. Although a number of studies
have reported correlations between autism and
cancer,2=47 to our knowledge, this is the first
study indicating a high risk for the development
of prostate cancer in autistic males. Therefore,
as far as new information become available, the
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analysis of prostate health in sexually mature
men with autism should be an area of particular
scrutiny.
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