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Rat Sexual Behaviours
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Rats have been used in medicine for research
for a long time. They continue to offer a wide
variety of interesting and diverse models relevant
to the human body and mechanisms. Cancer,
toxicology, and diabetes are only a few examples.
There are several reasons why rats are the most
used animals compared to the other animals.
One of the reasons is rats’ physiology. Rats and
humans are similar compared to their physiology.
Rats reflect appropriate models for cardiovascular
disease. Secondly, in the studies of physiology such
as learning and memory, rat’s models are very useful
formodeling human’s physiological systems because
rats are more intelligent compared to other animals
used in laboratories. For example, mouse. Finally,
human'’s sexual and social behaviour paradigms can
be understood better with the social and sexual
behaviours in rats. Rats could be perceived as
mirrors of human sexual and social conduct. As a
result, their behavior, especially sexual behavior, is
critical in understanding human behavior.'* In this
paper, Sexual cycle of rats, female and male rats’
sexual behaviours, used laboratory models to study
sexual behaviours in rats, factors that affect sexual
behaviours in rats and comparison of rats’ and
humans’ sexual behaviours are discussed.
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ABSTRACT

Sexual behavior in rats has been a fascinating topic for
many research because rats are as cosmopolitan as humans
and their social and sexual activities can reflect human
behavior. Female rats display lordosis and paracopulatory
behaviors, while male rats engage in sexual behaviors such
as mounting, intromissions, and ejaculations. Many models,
such as the bilevel chamber, runway test, and others, are
used to investigate similar behaviors in rats. Experiments
in these models focused into the factors that influence rat
sexual behavior. Dopamine, serotonin, prolactin, oxytocin,
and androgen are only a few of the chemical and biological
structures that influence various aspects of sexual behavior
in rats. These findings are proved by many researches. This
review focuses on sexual behavior in general.

Keywords: Dopamine, ejaculation, lordosis, rats, sexual behaviour,
sexual motivation.

SEXUAL CYCLE IN RATS

The sexual cycle in rats is divided into three
stages: the precopulatory phase, copulatory phase,
and executive phase. Sexual contact prepares
sex partners for the copulatory process in the
precopulatory phase. Anogenital and body sniffing,
as well as circling around the female rat, are signs
of sexual contact. Female rats start the copulatory
phase with paracopulatory behaviours to attract
the male rat’s interest. In this phase, male and
female rats have their own language of sex. They
show different behaviours. For example, while male
rats show mounts, intromissions and ejaculations,
female rats show lordosis behaviours. These terms
will be explained later for better understanding of
sexual behaviour in rats. After the ejaculation, the
executive phase occurs. In this phase, male rats
recover their energy for additional sexual attempts
instead of remaining their sexual activity. This
interval is named as a postejaculatory interval. When
this interval ends, a new sexual cycle begins with
mounts of male rats.>*
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SEXUAL BEHAVIOURS IN FEMALE RATS
a. General properties of sexual behaviour

The sexual activity of female rats can be applied
to paracopulatory and lordosis behaviors as well.
Paracopulatory behavior is a form of behavior
used to attract the interest of male rats. Ear
wiggling, hopping, and darting are examples of
these activities. Darting is a behavior in which she
reveals her body to attract the attention of male
rats with runaways. Hopping is jumping with four
legs in a short period of time. These behaviours
are dependent on hormones. These hormones are
produced in the ovary. Paracopulatory behaviours
lead to initiation of copulation, and they regulate
the patterns of sexual behaviours. Another
significant component of sexual behaviour in
female rats is lordosis behaviour. Lordosis is known
as a reflex, and this reflex occurs with the presence
of hormones such as estrogen. Generally, lordosis
happens when male rats exhibit mounts and sexual
stimulations. Also, lordosis is affected by sexual
motivation. 24

b. Motivational aspect of sexual behaviour

Female rats' sexual behaviors are divided
into two phases: consummatory and appetitive.
Copulatory behaviors are part of the consummatory
process. Sexual motivation is part of the
appetitive process.”? Sexual motivation is related
to paracopulatory behaviors. Male rats' sexual
motivation is increased by paracopulatory
behaviors. Many studies have backed up this
assertion. Furthermore, if female rats continue their
paracopulatory behavior for a longer period of
time, their sexual motivation would grow. Finally,
the amount of paracopulatory behaviors has
a significant impact on sexual desire. Lordosis is
another component which is associated with sexual
motivation. From the results of many researches,
lordosis is observed as indication of sexual
motivation. 2

c. Their sexual interaction's importance in
social life

During copulation, female rats engage in social
activities such as sniffing and looking for the
anogenital zone. These actions are unrelated to
paracopulatory and lordosis actions. Furthermore,
in female rats, social activities are not involved in
the control of sexual activity. Many studies have
shown that normal behaviors that are not sexual are
regulated differently than sexual activities. Many
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studies proved that normal activities independent
of sexual activities are controlled differently than
male.?

SEXUAL BEHAVIOURS IN MALE RATS
a. General properties of sexual behaviour

Mounts, intromissions, and ejaculations are
all examples of male rat sexual behavior. Mount
is a paracopulatory reaction in which the penis
is inserted into the vaginal canal of a female rat.
The male rat then continues to raise its thrust,
driving the female rat deeper. After dismounting
the female rat, the male rat makes a movement
with his forepaws raised.®® Rats are multiple
ejaculators. Because of that reason, rats represent
many mounts and ejaculations after their first
ejaculation.'? Postejaculatory interval follows the
ejaculation. Postejaculatory interval is a process
which lasts between ejaculation and new sexual
attempt with mount. It lasts approximately 4 - 7
minutes.”? In some studies, the time between first
mount and ejaculation is named as copulatory
bout in male rats.”? To understand male rats’
sexual behaviours better, behaviors in copulatory
bouts are also essential to comprehend. To achieve
ejaculation, male rats require intromissions. In
addition, with a variety of intromissions, the
penile is stimulated. According to studies, two
intromissions are needed to impregnate female
rats, and two or more intromissions are required
to impregnate the female rats. Therefore, it can
be said that numbers of intromissions are critical
for male rats. To conclude, Intromissions are
very important parts of sexual behaviors in rats
because they cause male rats to reach ejaculation
and impregnate rats.” Another important
behaviour is mount. Mount is the initial stage
of the consummatory behaviour which includes
copulation phases. Mounts are not necessary for
ejaculation. When male rats are prevented from
displaying intromissions, they show mounts. While
mounts are not needed for male rats to achieve
ejaculation, they have an impact on copulatory
behavior. They play a critical role in copulation's
temporal and central patterns.’ Postejaculatory
interval is also the component which plays a major
role in sexual behaviour. But, this component
is poorly understood.?® Finally, ejaculation
latency is the time between first intromission and
ejaculation. If the ejaculation latency decreases, it
indicates that male rats have more intromissions
and are more active.®”
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b. Motivational aspect of sexual behaviour

Male rats have a variety of sexual habits. One of
them is motivated by sexual desire. Many different
forms of sexual behaviors are linked to sexual
motivation. Sexual motivation is associated with
anticipatory behavior. Anticipatory behavior can
be defined as a male rat looking for a female rat
to have a sex. Also, sexual motivation is associated
with the initiation phase, which is when copulation
begins. While sexual motivation causes the
copulation, increased levels of anxiety prevent
the copulation.® Also, sexual motivation affects
the copulatory rate which is defined as “the ability
to satisfy the sexual drive and depends on sexual
experience.” Bialy et al.”! Increased numbers
of mounts are related to sexual motivation® In
conclusion, Sexual motivation plays an important
role in sexual behaviours in male rats.

c. Their sexual interaction's importance in
social life

Rats’ social interactions were an attractive
subject for many researchers. Rats’ almost social
interactions happen during the copulation. They
spend their time without social interactions except
for sexual activity. Wandering and resting are
the most male rats’ do in their normal life. In the
copulation, sociosexual interactions are known as
sniffing and watching the female rat./!

EXPERIMENTAL MODELS OF SEXUAL
BEHAVIORS IN RATS

Several models are designed to study sexual
behaviours in rats. Each male and female rats have
their own set of templates. These models are divided
into many sections that look into various aspects
of rat sexual conduct. There are several models
available. Examples of these models are bilevel
chamber, runway test, standard copulation cage,
incentive motivation testing arena and semi natural
environment are examined briefly in this paper.

a. Bilevel chamber

This model is used to study the behavior of rats
during copulation and sexual motivation. Bilevel
chambers, for example, are used to study female
rats' appetitive and consummatory behaviors.!261%

b. Runway test

This test is excellent for determining a man's
sexual motivation. This design uses a protocol
based on male sexual behavior as an example
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of one procedure. In the stimulus, a female rat is
present, while a male rat is present in the startbox.
The experiment begins with the runway doors
being opened. The male rat's speed is measured
using photocell detectors. The male rat's goal in
the stimulus is to reach the female rat. Male rats,
according to the findings, move faster when they
ejaculate.®

c. Standard copulation cage

The majority of the time, this model is used to
research sexual behavior in rats. In most cases, the
cage contains one male and one female rodent.
In addition, these species are more likely to have
a history of sexual behavior. This produces more
precise results. Rat copulation is predicted as a result
of the experiment conducted in this model. Many
research focused their experiment on copulation
behaviours in rats with this model.”?

d. Incentive motivation testing arena

The aim of this model is to research rats' sexual
motivation. The amount of time spent in the reward
zone during the evaluation is a significant factor.
Sexual motivation is analyzed and measured using
various aspects in this model.[¢

e. Semi natural environment

This model is designed to study rats' sexual and
social experiences. Female rats have the ability to
hide from male rats, which increases observation
outcomes. The estrus behavior of female rats, which
is triggered during sexual activity, can also be
studied.™

FACTORS AFFECTING SEXUAL
BEHAVIOURS IN RATS

a. Dopamine

Dopamine is a neurotransmitter that
plays many key roles in the brain and nervous
system. Generally, dopamine is involved in
motivational and rewarding behaviours. Because
of it’s neuromodulatory function, Dopamine
interacts with many neurotransmitters, including
monoamine neurotransmitters. It's stimulated by
monoamine neurotransmitters. When dopamine
is released to synapse, dopamine binds to the
dopamine receptors such as D1, D2, D3, D4 and D5.
These receptors function as G - protein - coupled
receptors, which play a key role in activation of
cellular responses. Sexual activity is associated
with motivational and reward behaviours.
Dopamine affects the rewarding nature of sexual
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behaviour. Especially, dopamine is associated
with desire.'™® Therefore, the idea that dopamine
can play an important role in sexual behaviour is
widely accepted. From this idea, many researches
centered on the relationship between sexual
behaviour and dopamine. Dopamine can be seen
as a candidate to be the most focused and studied
neurotransmitter in this field. Dopamine receptors
have a big role in sexual behaviours in male rats.!'Z
Dopamine affects the motivational aspect of sexual
behaviour. In both male and female rats, increase in
levels of dopamine is related to sexual motivation.
Also, dopamine’s levels are elevated during the
copulation. Apomorphine is a dopamine antagonist
and is used to test the role of dopamine on male
rats’ sexual behaviour. Although low doses of
apomorphine reduced the number of ejuculations,
high doses of apomorphine increased the number
of ejaculations and mounts."® Dopamine, and it's
agonists such as amphetamine and amfonelic acid
have a powerfulimpact onrats’ sexual and locomotor
activity. They increased the locomotor activity. In
addition to this, haloperidol and cis(Z)-flupentixol
known as the dopamine receptor antagonists are
observed to minimize sexual behavior.'”? Dopamine
rises during the copulation.™ From this observation,
the change of dopamine levelsin nucleus accumbens
during sexual behaviour is investigated by using in
vivo microdialysis in one research. The increase
of dopamine in the extracellular only occurs If
female rat is rewarded.'"® In addition, dopamine
transmission increases during the copulation.
Dopaminergic system is associated with regulation
of expression of penile erection. Penile erection is a
complex sexual reflex. It requires many conditions
and interaction. To examine the role of dopamine
on penile erection, apomorphine is injected into
male rats’ the paraventricular nucleus (PVN) region,
which is found in hypothalamus. In this experiment,
when doses of apomorphine are injected into PVN,
penile erection occurs without the intervention of
female rats. This finding gives us that dopamine
plays a major role in erection of penile. Also, the
entry of oxytocin into the process of penile erection
has been discovered. Dopamine also interacts with
other hormones such as oxytocin, which have a
neuromodulatory role in sexual behaviour. Oxytocin
neurons express the dopamine receptors, and this
interaction could indicate that a dopamine - oxytocin
connection exists. Dopamine affects the lordosis
behaviour and dopamine has been discovered to
be involved in the anticipatory phase of sexual
behaviour.202"
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b. Serotonin

Serotonin (5-HT) is a neurotransmitter that plays
animportantrolein regulating various psychological
processes and behaviours such as regulating mood,
reward and learning. Serotonin is released as the
lateral hypothalamus. Serotonergic system affects
sexual behaviour and this system is related to a
number of sexual disorders. Serotonin and serotonin
receptors (5-HT Receptor) belong to the serotonergic
system. Sexual behaviourinrats is organized by brain
areas. Serotonin and its receptors have a significant
role in these neurochemical pathways.[222527]
Therefore, the effects of serotonin and its receptors
on sexual behaviour in rats is thought to exist.
Generally, while an increase of 5-HT inhibits sexual
behaviours, a decrease of 5-HT leads to facilitating
the sexual behaviours. For example, lordosis
behaviour is inhibited by enhanced serotonergic
activity and also 5-HT1A plays an inhibitory role
and 5-HT2 plays a facilitator role in female rats’
sexual behaviours.? In male rats, 5-HT1A plays a
facilitator role and affects various aspects of sexual
behaviour.?324 Also, effects of Selective serotonin
reuptake inhibitor (SSRI) on sexual behaviours in
male rats is examined. Researchers discovered
no inhibitory effects on male rat sexual activity
in one sample. Another study found that SSRIs
and other serotonin inhibitors lengthen the time
between ejaculations and reduce the number of
ejaculations. Furthermore, serotonin transporters
(SERT), which transport serotonin through neurons,
have no effect on female rats' sexual conduct.?>?7
Serotonin receptors affect female sexual behaviours
directly such as lordosis. Some of 5-HT antagonists
cause lordosis behaviour’s activity to decrease,
while some of them cause increasing. In addition,
5-HT modulates sexual behaviours in female rats.'*®
5-HT receptors stimulate and inhibit certain phases
in the sexual cycle. For example 5-HT1A receptors
play an inhibitory role in the copulatory phase.”! In
conclusion, serotonin, and its receptors have effects
on sexual behaviours in male and female rats.

c. Prolactin

Prolactin is the pituitary hormone that is
responsible for the production of milk in mammals
and humans and also prolactin is encoded by the
PRL gene.??3% Prolactin plays an important role in
sexual function. Prolactin is involved in modulation
of serotonergic and dopaminergic systems. These
systems have an impact on sexual function.®" As a
result, prolactin is thought to play a part in sexual
behaviour. Prolactin is secreted during the orgasm.
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After the orgasm, prolactin affects the reproductive
organs and sends a signal to systems which control
sexual function.® Prolactin also affects prostate
organization, and it is found that prolactin receptors
are located in the prostate.® Prolactin is the one
of the peptide hormones that affects the prostate's
function directly. Also, prolactin is also secreted
in order to respond to ejaculating.®® Therefore,
the connection between sexual behaviour and
prolactin whether it exists or not is investigated in
a good deal of research. Prolactin has been shown
to inhibit and influence sexual activity in several
studies.?¥ Hernandez et al.?¥ performed research
that examines the effects of prolactin on sexual
behaviour in male rats. According to their results,
prolactin is released in the process of ejaculation.
High levels of prolactin are released in second
ejaculations. From the third ejaculation, the released
level of prolactin begins to decrease. However, some
increased levels of prolactin that do not affect the
sexual behaviour of male rats is also indicated. The
rise in levels is correlated to changes in the prostate
epithelium. Prostate cancer is caused by these
changes.® In other research, release of prolactin
in sexual activity in mice has been demonstrated,
as well as the relationship between prolactin and
the post-ejaculatory refractory period. For men,
the post-ejaculatory refractory phase is the interval
between orgasm and the next erection. According
to the findings, prolactin has no impact on the post-
ejaculatory refractory era.B”

d. Oxytocin

Oxytocin (OXT) is a neuropeptide and peptide
hormone thatis encoded by the OXTgene and plays a
role in social bonding, learning and milk production.
OXT is often referred to as the "love hormone." It
is generated in hypothalamus, and its synthesis is
regulated by gonadal steroids by gonadal steroids
such as progesterone and testosterone.¢4% OXT is a
neurotransmitter that plays a role in central nervous
system processes as well as sexual activities in
rats, such as stimulating reproductive organs.®” For
example, stimulation of vaginocervical is correlated
with release of OXT.B In male rats, release of
oxytocin causes penile erection and affects female’s
sexual activity and interest negatively.®®¥ It affects
consummate behaviour and motivational aspects
of sexual behaviour in rats.*" In other research,
oxytocin is injected into male Wistar rats to examine
the role of oxytocin in sexual function. According
to the findings, the number of intromissions is
decreased after oxytocin is injected.*? Also, OXT
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is linked to mechanisms which have an effective
role in the post-ejaculatory refractory period and
oxytocin has been shown to reduce the time of post-
ejaculatory refractory period by some research."44
In other research, it is shown that reduced levels of
oxytocin lead to decreased sexual motivation in
male rats. Oxytocin is obviously involved in sexual
behavior in rats.""

e. Androgen

Androgen is a steroid hormone produced by
males. One example of androgen is testosterone
and the function of testosterone is known as
the development of male reproductive systems.
Androgens have an effect on the immune,
nervous, and sexual systems, as well as sexual
appetite and motivation.*’! In males, testosterone
is secreted in testis. When testosterone arrives in
the brain, it binds estrogen with the aromatase.
Aromatase is an enzyme which is responsible for
converting testosterone into estrogen. Estrogen
binds estrogen receptors. Thus, initiation of
sexual activity occurs in males. In addition to
this, the association of estrogen receptors with
testosterone has a significant effect on sexual
behavior. Estrogen is secreted in the ovary of
female rats and attaches to alpha-fetoprotein,
resulting in the initiation of sexual activity in
female brains. Also, the regulation of sexual
behaviours in rats is made by the hypothalamic-
pituitary-gonadal axis (HPG axis). The LH hormone,
which regulates testosterone, is stimulated by
this hypothalamic region. As a result, androgen's
influence on sexual behaviorseemstobeinevitable.
Many studies in rats looked into the relationship
between androgen and sexual behavior.*® Diane
M. and her colleagues investigated the function
of progesterone in male rats' sexual behavior.
Their findings revealed a correlation between
progesterone and the neurochemical metabolisms
of male copulatory conduct.*”? Sexual reflexes
like erection are essential components of sexual
behaviour. Androgen is necessary for sexual
reflexes. The release of androgen triggers these
reflexes.*® Testosterone belongs to the class of
androgens, and its actions are investigated by
many researchers. Androgens use the androgen
receptor (AR) to carry out their functions. AR is a
member of the steroid hormone nuclear receptor
family. It plays a vital role in many systems of
the human body, including the immune system
and reproductive systems.”? The interactions
of testosterone and androgen receptors were
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investigated in one study to learn more about
the effect of testosterone on sexual behavior in
male rats. Testosterone's role on sexual behaviour
of male rats is very critical and Stimulation of AR
by Testosterone is required for activation of male
sexual activity are learned by this experiment.
This experiment supported the interaction of AR
and testosterone plays a critical role in sexual
behaviour in male rats.’® In other research, effects
of testosterone on sexual behaviours in male rats
are not detected.®” Another member of androgen
is progesterone. Progesterone affects sexual
behaviours pathways in male rats, and this finding
can be applied to mammals. To understand the
role of progesterone on sexual activity in male
rats, some capsules are implanted into the male
rats. Some of these rats have progesterone-only
capsules, others have testosterone-only capsules,
and still others have both progesterone and
testosterone capsules. According to the results of
this experiment, effects of progesterone on sexual
behaviour in male rats appear to be evident.[47]
In conclusion, androgen plays a key role in sexual
behaviours of rats.!??

CAN RAT SEXUAL BEHAVIOR BE USED AS
A MODEL FOR HUMANS?

The sexual behaviors of rats have long been
studied. Many experiments and observations
have shown that human and rat sexual activities
are identical. Also, several studies have shown
that sexual dysfunctions in rats can be used to
model human sexual dysfunctions. For example,
delayed ejaculation latencies in rats can be used for
modeling ejaculatory dysfunctions in humans.?
Furthermore, one research supports the vaginal
and genital responses in rats may reflect the
humans’ sexual responses.® Finally, the act of
ejaculation differs between male humans and
male rat during sexual intercourses. In human
male, while sexual activity ends generally with
ejaculation, male rats’ sexual activity does not
end with ejaculation because rats are multiple
ejaculators.” To sum it up, Although there are some
variations between humans and rats in terms of
sexual activity, rats' sexual behavior can be used to
model human sexual behavior.

Conclusion

Many studies have shown the relevance of
sexual behaviors in rats. Numerous studies have
demonstrated that sexual and social behaviors in
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rats may reflect human dysfunctions and behaviors.
To gain a deeper understanding of rats' sexual
behaviors, their sexual behaviours should be
examined from a variety of perspectives such as
sexual motivation and sociosexual factors more.
The number of behavioural paradigms should
be increased to explore more facets of sexual
behaviours. These designs can be remodelled better
for different purposes. Finally, factors do not affect
sexual behaviours from only one aspect. Researchers
should concentrate on the impact of these factors
on various aspects of sexual behavior in rats, as
well as interactions between these factors, such as
oxytocin and dopamine.
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