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Abstract 

 Among researchers there is a widespread assumption that information about the 

sexual behavior of female rats and mice sex behavior may be interchangeable. During 

mating in both rats and mice, the male provides the female with tactile stimulation during 

mounts as well as vaginal-cervical stimulation (VCS) during intromissions and 

ejaculations.  However, behavioral observations have revealed that female mice differ 

from rats in terms of the pattern of mating, the number of intromissions received, and 

even the hormonal requirements for mating to occur.  Intromissive mating stimuli in rats 

induces significant increases in Fos-immunoreactivity (Fos-IR), a marker of neuronal 

activation, in several forebrain areas especially the medial amygdala (meAMY), and 

preoptic area (POA). However, it has not yet been demonstrated if the differences in 

sexual behavior observed between rats and mice may also indicate differences in the 

neuronal activity in the meAMY and POA of mice in response to different types of 

mating stimuli.  This study aimed to characterize the neuronal activity in the meAMY 

and POA of female mice in response to different types of stimuli. Fos-IR was examined 

in hormone-primed ovariectomized female C57BL/6J mice after receiving either 15 

intromissions or 15 mounts alone in comparison to females placed in an empty testing 

arena. It was found that in the meAMY, there was significantly more Fos-IR induced in 

the mounts alone group compared to the intromission and non-mated groups. In the POA, 

there was no significant difference of Fos-IR induction among the three groups. 
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Introduction 

Why Use Mice Models? 

  In recent years, with the advent of genetic engineering, the mouse (Mus musculus) 

model has been replacing the previously used rat model for basic scientific and 

biomedical research (Critser, 2007).  Mice can be genetically engineered via knock-out or 

knock-in techniques to mimic specific medical conditions for researchers to study. In a 

knock-in mouse, a specific gene has been added to the mouse’s genome, and conversely, 

in knock-out mice a specific gene is eradicated from its genome (Critser, 2007). This 

allows researchers to examine the role of a specific gene or protein in certain diseases. 

There are mouse models for a large variety of human disorders; they are used to study 

medical diseases, mental disorders, and behavioral neuroscience.  For example, using 

knock-in and knock-out techniques scientists can engineer mice that mimic depression, 

develop Alzheimer’s and heart disease, show the symptom’s of obsessive compulsive 

disorder, schizophrenia, alcoholism, drug addiction, and even obsessive hair-pulling, to 

name a few specific disorders (Critser, 2007).  

  The mouse, due to its entire genome being identified, now serves as the official 

animal proxy for humans, and is pervasive in all areas of scientific (Critser, 2007).  

Currently, there is a National Institute of Health sponsored Knock Out Mouse Project 

(KOMP), which is generating a comprehensive and public resource comprised of mouse 

embryonic stem (ES) cells containing a null mutation in every gene in the mouse genome, 

this will result in a complete, gene by gene catalogue of the mouse, open to all researchers 

working on all diseases (Critser, 2007).  The genetic manipulations of the mouse are 

dramatically influencing all domains of scientific research.   
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  Due to the widespread use of the mouse as a model organism in scientific 

research, this experiment aimed to describe the neuronal response of mice to different 

types of mating stimuli.  Neuronal response to different mating stimuli has been 

extensively studied in rats but mice have been given little attention in this regard. It is 

important to characterize the neuronal response of mice and determine if there are species 

differences between mice and rats in mating behavior, in order to determine the extent to 

which previous neuroendocrine and behavioral research using rats can be adapted to mice.   

As mice gain an increasingly important role in medical research it becomes 

important to know how mice respond to sexual behavior so that mouse models can be 

employed for the study of disorders that are pervasive among people such as infertility, 

and neuro-endocrine disorders that interfere with sexual function.  This study was the first 

of its kind to provide the beginnings of a description of the underpinnings of the neuronal 

response of female mice to different types of stimuli received during mating.  

 Why Study Rodent Sex Behavior? 

 In rodents, sex behavior begins when the male mounts the female. This sex 

behavior is marked by the male’s forelimbs clasping the female’s flanks (Pfaff, Schwartz-

Giblin, McCarty, Kow, 1994).  In response to the male’s behavior, the female displays the 

lordosis reflex (Pfaff, et al, 1994). This reflex is classified by the female arching her back, 

extending her head and limbs which exposes her perineum, and becoming immobile which 

allows the male to intromit his penis (Pfaff et al, 1994).  This sexual behavior may seem 

straightforward, but it incorporates many complex neuroendocrine and neuroanatomical 

pathways.  
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In order for lordosis to occur, the female must be in behavioral estrus, which 

occurs as a result of ovarian hormones being bound to their receptors in specific areas of 

the brain, and the female must also receive sensory stimuli to respond to the male 

(Butcher, Collins, Fugo, 1974).   During mating, the male will display three different 

behaviors: (1) mounting: the male’s forelimbs grab the flanks of the female, but the male 

will not insert his penis into her vagina, thus she only receives cutaneous stimulation (2) 

intromissions: where the male inserts his penis and (3) ejaculation: where the male inserts 

his penis and also deposits a sperm plug. In both intromissions and ejaculations the female 

receives vaginal-cervical stimulation (VCS).  These different types of stimulation, 

cutaneous versus VCS, result in different neuronal responses displayed by the female 

(Sachs Glater, O’Hanlon, 1984).  

 Rodent sex behavior has provided a model that allows scientists to study how a 

behavior alters neural circuitry, providing evidence that the body and the brain are 

interconnected. The study of rodent sexual behavior has provided a model for 

understanding the effects that hormones and neurotransmitters have on mating behavior, 

and the effect of this behavior at the neuronal level. Rodents have provided a reliable and 

quantifiable way to study this complex process, to observe how physiology informs 

behavior and to understand how behavior informs physiology.      

  This introduction will explain each of the variables mentioned above that are 

involved in this sexual behavior: (1) necessary hormones, (2) necessary brain areas, (3) 

different types of sexual stimuli, (4) the neuronal responses in respect to the differing 

amounts of stimuli received during mating.   
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Steroid Hormones: Estradiol and Progesterone 

  Female rats go through an estrous cycle that on average lasts for four days.  This 

cycle of ovarian sex hormone secretion has four phases: metaestrus, diestrus, proestrus, 

and estrus.  The phases of the estrous cycle are directly linked to a cyclical pattern of 

secretion of the ovarian sex hormones estradiol and progesterone that also correlates with 

sexual behaviors displayed by the female (Butcher et al, 1974).  During proestrus, the 

female has a surge in her progesterone levels resulting in the female displaying proceptive 

behaviors.  These behaviors include hopping, squeaking, ear wiggling and darting by the 

female, and serve to elicit the attention of the male (Butcher, 1974).  A few hours after this 

surge in progesterone levels, the female enters behavioral estrus, which is the only time in 

the female’s cycle that she will be sexually receptive, thus allowing the male to mount her 

and subsequently intrommit (Pfaff et al, 1994).  The estrous cycle in mice is identical to 

the estrous cycle in rats: the time course, four phases, and time of receptivity are all the 

same. 

 Research with rats, hamsters, and guinea pigs have demonstrated that estradiol 

and progesterone are necessary for sexual behavior to occur. Once the ovaries are 

removed, the body’s natural capacity to produce estradiol and progesterone is diminished 

(Lisk, 1960).  Females who have had their ovaries removed do not display proceptive or 

receptive behavior and therefore, are not able to mate with males (Butcher et al, 1974).  

Behavioral estrous can be reinstated by sequential treatments of estradiol followed by 

progesterone.  In addition, there is no detectable difference between sexual behaviors 

facilitated by artificial hormone treatment versus sexual behaviors that occur during the 

natural estrus cycle (Pfaff et al, 1994).   
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 A number of studies with ovarian sex hormones have illustrated that in 

ovaraciectomized female rats estradiol alone induces the expression of feminine sexual 

behavior, but treatment with progesterone facilitates the expression of this sexual 

behavior.  Sequential treatments of estradiol followed by progesterone allow a lower dose 

of estradiol to be used and the use of progesterone induces the expression of proceptive 

behaviors (Sodersten and Eneroth, 1981).  Additionally, the nature of progesterone-

facilitated sexual behavior more closely resembles the behaviors seen during the natural 

estrous cycle (Lisk, 1960).  Mice differ from rats in that estradiol alone will not induce 

sexual behavior. Mice must receive both estradiol and progesterone for the female to 

display proceptive behavior, be receptive to the male, and thus engage in sex behavior 

(Frye, and Vongher, 2001).   

The Interaction of Steroid Hormones and their Receptors 

Now that the necessary ovarian sex hormones needed for the display of female sex 

behavior in rats has been explained, how these hormones exerted their effects on the brain 

is going to be described.  Steroid receptors are ligand-activated proteins that bind the 

ovarian hormones, estradiol and progesterone, and mediate their effects in the brain 

(Gorski et al, 1968).  Steroid hormones interact with intracellular steroid hormone 

receptors in the following manner: the ligand, estradiol or progesterone, is hydrophobic 

and able to pass through the cellular membrane in order to reach its intracellular receptor. 

Once the ligand is bound, this ligand-receptor complex is activated, causing it to undergo 

a conformational change that enables it to bind to its hormone response element on DNA.  

After the conformational change of the ligand receptor complex occurs, gene transcription 

is initiated, causing physiological and behavioral changes in the animal (Blaustein and 
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Olster, 1998).  The regions of the brain that concentrate estradiol and progesterone 

receptors are believed to regulate female sexual behavior by binding hormones, which 

alters gene expression and neural sensitivity to afferent stimulation (Pfaff et al, 1994). 

Mapping Estradiol and Progesterone Rich Brain Areas 

 One of the necessary requirements for lordosis to occur is that estradiol and 

progesterone must bind to their specific receptors in the brain. To determine which regions 

of the brain these hormones must bind, autoradiographic studies have been conducted. 

These studies visualize which regions of the brain hormones are bound to their receptors. 

   In an autoradiographic study, the female rat being tested receives an 

intraperitoneal injection of tritiated estrogen (estradiol-H
3
).  A few hours after (about two 

hours), the animal is euthanized.  The brain is then perfused, sliced into sections, and 

mounted on slides.  The tissue is then exposed to film paper and the darkest areas of the 

paper represent regions where tritiated estrogen is bound to its receptors (Pfaff, and 

Keiner, 1973).   

 Researchers Pfaff and Keiner, using this autoradiographic technique, have 

mapped the areas in the female rat brain that concentrate estrogen receptors.  They found 

that bound estradiol receptors are highly concentrated in cells in the meAMY, POA, 

ventromedial nucleus of the hypothalamus (VMN), and the bed nucleus of the stria 

terminalis (BNST) and in the midbrain central gray area (Pfaff and Keiner, 1973).  

Receptors in these brain areas are important because they are known to mediate 

female sexual behavior (Pfaff et al, 1994). Researchers have found that placing estradiol 

implants in these brain areas induces sexual behavior while blocking estrogen receptors in 

these brain areas abolishes sexual behavior (Pfaff, 1968; Pfaff and Keiner, 1973; Morrell 
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and Pfaff, 1978).  These research findings highlight just how crucial estradiol binding to 

estrogen receptors in specific brain areas is in the facilitation of female sexual behavior. 

 Activation of neurons in the ventromedial nucleus of the hypothalamus (VMN) 

are necessary for the occurrence of typical female mating behavior (Pfaff et al, 1994). 

Additionally, in this brain area estrogen binding to its receptors activates the necessary 

gene for production of progesterone receptors in hypothalamic neurons. Once this gene is 

activated, progesterone receptors are induced which creates binding sites for progesterone 

(Romano et al, 1989). Therefore, the VMN not only influences sexual behavior, but it also 

plays a role in mediating proceptive behaviors displayed by the female.   

 Implants of estradiol in the VMN facilitate lordosis behavior while blocking 

estrogen receptors in the VMN causes a significant decrease in the behavior (Pfaff et al, 

1994). In addition, bilateral lesions in and around the VMN reduce the occurrence of 

lordosis behavior (Baker and Baum, 2007). These lesions cause female rats given artificial 

hormone treatments of either estradiol alone, or estradiol followed by progesterone to be 

significantly less receptive to the male’s attempts to mount her (Pfaff et al, 1994). These 

findings highlight the crucial role that the VMN plays in regulating female sexual 

behavior in rodents. 

 While the VMN is necessary for mediating the effects of female sex behavior, the 

meAMY and POA are necessary for integrating the somatosensory neural signals 

responsible for the behavioral and neuro-endocrine changes that result from afferent 

stimuli received during VCS (Greco, Blasberg, Kosinski, Blaustein, 2003).  The meAMY 

and POA are part of a complex hypothalamic neural network that is responsible for the 

integration of chemosensory and somatosensory stimuli received during sex behavior 
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(Greco, et al, 2003).  Electrophysiological studies, which record rates of neuronal firing 

before and after VCS have revealed that neuronal activity increases significantly in both 

the meAMY, and POA following VCS (Eskrine, 1993). In the POA, the rate of neuronal 

firing increases not only acutely after receipt of VCS but these changes persists for several 

hours (Erskine 1993). This finding has led researchers to believe that the POA is a crucial 

brain area for the transduction of genito-sensory stimulation into a neuroendocrine 

response (Erskine, 1993).  

The meAMY not only displays neuronal activation after VCS, but the level of 

activation is dependent on the amount of VCS received. The meAMY is the only forebrain 

area that has a graded Fos-IR response to the number of intromissions received.  The 

nature of this response is such that 5 intromissions induce less Fos-IR than 15 

intromissions (Erskine, and Hanrahan, 1997).  This has led researchers to believe that the 

meAMY is involved in the processing, quantification and summation of neuronal signals 

generated during VCS (Erskine, and Hanrahan, 1997).  The excitatory response of other 

forebrain areas such as the POA occurs only after the meAMY has summated the amount 

of VCS received (Erskine, and Hanrahan, 1997).  Thus the meAMY is believed to be the 

forebrain area most sensitive to both amount and type of mating stimuli received. Overall, 

the increased neuronal activation in both the POA and meAMY provide evidence that both 

of these brain areas have increased neuronal activation to VCS compared to cutaneous 

stimulation received during mounts alone.  

Sensory Input and Female Rat Sex Behavior 

During mating, the female rat receives many types of sensory information from the 

male including somatosensory, olfactory, and auditory stimuli.  This experiment 
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manipulated only somatosensory stimuli so it will be discussed in depth here.  As 

mentioned previously, lordosis begins when the male mounts the female. The lordosis 

reflex involves bilateral muscle contractions along the length of the vertebral column of 

the female.  This reflex is classified and measured by the arcing of the female’s back.  

This reflex has a sudden onset and is initiated when the male approaches the female, 

causing her to become immobile.  At this point, the female gets into a tense crouched 

position, which allows the male to mount her.  Pfaff and Lewis (1974) have conducted 

behavioral observations of this mating behavior and their work has shown that the male 

mounting the female is the action that leads to lordosis.  Once the male mounts the female, 

he may then achieve penile insertion (VCS), which causes maximal elevation of the 

female’s rump (Pfaff and Lewis, 1974). Therefore, a tactile stimulus begins the lordosis 

reflex and VCS intensifies it.   

Different Types of Stimuli 

 The male rat exhibits three different behaviors during mating.  Each of these 

behaviors causes the female to exhibit distinct physiological and behavioral responses 

(Erskine, 1985).  A male may mount the female, resulting in flank and perineal 

stimulation, which alone is sufficient to elicit the lordosis response in a receptive female 

(Kow et al, 1979).  The male may mount and achieve penile insertion, which is referred to 

as an intromission.  This intromissive behavior causes the male to elicit deep pelvic 

thrusting against the female, providing vaginal-cervical stimulation (Blaustein, 2008).  

The rat penis is covered with keratinous spines, which causes the stimulation to the 

vaginal wall to be very intense as these spines rake across it (Taylor et al, 1983).  The 

third type of stimulation occurs when the intromission is accompanied by an ejaculation, 
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the female receives the same VCS as during an intromission, but the male also deposits a 

sperm plug in the vagina of the female.   

 During mating the female rat can distinguish between these three different types 

of stimuli. These behavioral differences in response to receiving either mounts alone or 

intromissions are clearly seen during paced mating studies, where the female controls her 

sexual contacts with the male.  In paced mating, the testing arena is divided in half by a 

partition.  The partition contains two small escape and reentry holes (Erskine and 

Hanrahan, 1997).  These holes are small enough to allow female access to both sides of 

the chamber but restricts the male, who is much larger, to only one side (Erskine and 

Hanrahan, 1997).  The female is initially placed in the side of the chamber opposite the 

male.  The female by choosing when to enter the side that the male is in controls the rate 

at which she mates with the male.  After the female receives sexual contact by the male 

she then reenters her side of the chamber (Erskine and Hanrahan, 1997). 

 The rate at which the female returns to the male is dependent on the type of 

stimulation she receives. As the type of stimulation the male provides increases in 

intensity, the female takes longer to return to the male.  If a female receives a mount alone, 

she will return to the male sooner than if she received an intromission, and when a female 

receives an ejaculation she returns to the male after the longest amount of time has elapsed 

(Erskine, 1985). 

 Intromissions and ejaculations that the receptive female receives during mating 

cause a number of behavioral and physiological changes in the female.  VCS alters 

autonomic functions such as heart rate and pupil dilation (Robbins and Sato, 1991; 

Sansone, Bianca, Cueva-Rolon, Gomez, and Komisaruk, 1997), initiates twice daily 
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prolactin surges which initiate the behavioral and neuroendocrine changes associated with 

pregnancy (Erskine, 1995), causes estrous termination, results in lordosis potentiation, and 

changes sensitivity to painful stimuli (Gintzler and Komisaruk, 1991; Gomora, Beyer, 

Gonzalez-Mariscal, and Komisaruk, 1994). Thus VCS results in many behavioral changes 

in the female, and is qualitatively different than mounts alone  

 Mating Stimuli and Induction of Fos-IR  

 C-fos is known to serve as an indicator of neuronal activation and is a widely 

employed tool in neuro-endocrinology research (Flanagan-Cato et al, 1995). C-fos an 

Immediate Early Gene (IEG) and is part of the signal transduction cascade by which 

neurons convert extracellular chemical or electrical signals into early genomic activation 

(Pfaus and Heeb, 1997).  The fos protein, which is a proto-oncogene, is the DNA- binding 

protein transcribed from the immediate early gene c-fos (Pfaus et al, 1993).  Fos can be 

classified as an encoding general transcription factor that is activated by different 

environmental signals (Pfaus and Heeb, 1997).  It functions by coupling short-term signals 

received at the cell’s surface (in this experiment = signals received during mating) to long 

term alterations in the cell’s phenotype by regulating the expression of selected targeted 

genes (Morgan and Curran, 1991). 

 Fos is used for the immunocytochemical identification of cells displaying fos like 

immuno reactivity (Fos-IR) following different types of neuronal activation (Flanagan-

Cato et al, 1995).  It is now well established that many types of stimuli including pain 

signals, olfactory signals, and neuro-endocrine signals elicit a very similar transient 

induction of fos in relevant brain areas (Morgan and Curran, 1991).    
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 In behavioral studies, such as those described here, the physiological strength of 

somatosensory input received during mating behavior is clearly seen by using 

immunocytochemistry (ICC) to chart Fos-IR expression in the spinal cord, brain, and 

forebrain of the female rat (Pfaus et al, 1994). 

 The type of mating behavior exhibited by the male directly influences the 

neuronal response of the female.  Vaginal cervical stimulation (VCS) associated with 

intromissions or ejaculations have a greater effect on mating induced behavioral and 

endocrine changes than mounts without intromissions (Erskine, and Hanrahan, 1997). 

Specifically, in the meAMY, POA, VMN, and BNST a significantly greater amount of 

Fos-IR is observed in rats who received intromissions and ejaculations compared to the 

amount of Fos-IR induced in rats who received mounts alone or no stimulation (Eskrine, 

1993; Blaustein, 2008; Greco et al, 2003; Pfaff et al, 1994; Pfaus and Heeb, 1997).  These 

findings indicate that VCS causes greater neuronal activation than mounts alone. 

Furthermore, the importance of VCS for the induction of Fos-IR is seen by the fact that 

the degree of Fos-IR induction in relevant forebrain areas is significantly decreased in 

females who received mounts without intromissions or manual flank stimulation (Pfaus et 

al, 1994). These results demonstrate that Fos-IR expression in these forebrain areas is 

increased with VCS and not tactile stimulation received during mount only tests (Erskine, 

1993). 

 This section has discussed how intromissions and ejaculations induce a greater 

amount of Fos-IR cells in the forebrain of female rats than animals that received mounts 

only during mating. The present experiment however used female mice not rats and while 

many similarities exist, there are also differences among rodent species. The next section 
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will outline some key differences among rodent species used as model organism in 

neuroscience research.   

Differences among Rodent Species 

 There are many similarities among rats, guinea pigs, hamsters, and mice in regard 

to their estrous cycles and how they respond to the steroid hormones estradiol and 

progesterone.  Each species following the surgical removal of their ovaries requires 

sequential injections of ovarian sex hormones in order to be sexually receptive to the male.  

In addition, all of these rodent species have a similar pattern of hormone secretion before 

the onset of their estorus cycle.  Each type of rodent mentioned above secretes estradiol 

for about one day and then has a pre-ovulatory surge in progesterone.  One difference 

among these animals is estradiol alone can induce sexual receptivity in female rats but 

mice need estradiol followed by progesterone in order to be receptive (Mani, Blaustein, 

and O’Malley, 1997).  

 Research with mice has revealed that they are unique in how they respond to 

hormonal treatment and sexual behavior as compared to other rodent species.  Rats, guinea 

pigs, and hamsters are all receptive to males after their first treatment of sequential 

estradiol and progesterone.  Mice, on the other hand, require multiple courses of hormonal 

treatments and pretests where the male mates with the female before she is maximally 

receptive (Gorzalka and Whalen, 1976; Mani, Blaustein, and O’Malley, 1997).  An 

important difference to take into account is that the actual mating behavior in female mice 

differs from that of other female rodents. The male mouse like the male rat will mount, 

intromit, or ejaculate when mating with the female. However, male mice instead of 

providing just one mount or intromission at a time provides bouts of stimulation.  In mice 
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there is no way to control the precise number of intromissions and or mounts that the 

female receives from the male.  Within bouts of stimulation there is great variation in total 

number of intromissions or mounts received. It is believed that these bouts of stimulation 

result in the female mice receiving qualitatively different mating stimuli than other female 

rodents. It is not yet known whether these differences affect how mice process stimulation 

received during mating, i.e. do they display similar or different Fos-IR response to 

intromissions versus mounts.  The aim of this study is to describe the mating behavior and 

neuronal activation in the meAMY and POA in mice in response to mating stimulation.    

 Extensive research with female rats has revealed that mounts with intromissions 

induce a significantly greater neuronal response as measured by Fos-IR cells. Similarly, 

this experiment predicts that female mice who receive intromissions will have 

significantly greater amounts of Fos-IR cells in both the meAMY and POA compared to 

the mice that receive either mounts alone and the control non-mated mice. 
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Methods: 

 

Animals 

  Female C57BL/6 mice were obtained from Charles River Breeding Laboratory.  

The animals were group-housed five to a cage in plastic caging (7.5” x 11.75” x 5’’ h, 

Allentown caging Allentown NJ) with wood shavings and covered with wire lids, in a 

temperature controlled room on a 14:10 light: dark cycle.   Food and water were freely 

available.  The mice were acclimated to their new environment for two weeks. All 

procedures were approved by the Institutional Animal Care and Use Committee 

(IACUC).  

 All mice were ovariectomized by means of a single midventral incision.  The 

mice were anesthetized with Avertin (tribomethanol) 250 mg delivered in a 20 mL 

saline/kg solution via an intraperitoneal injection and given metacam as a pain reliever at 

the time of surgery and one day following. 

Hormone Treatment 

 Prior to pretest and test day all female mice (n = 28) received the following 

hormone treatment: 10µg injections of estradiol benzoate for four consecutive mornings, 

and on the fifth day 500µg of progesterone three hours before the behavioral test 

Pretest 

 Pretests took place three hours after the lights went off.  The tests were performed 

in rectangular plastic cages with shavings to cover the bottom.  During the time of the test 

a dim red light was on in the room.  Each female was mated with a sexually experienced 

(STUD) male who was about one year old.  The test lasted until the female received 

fifteen intromissions or one hour elapsed.  If the male ejaculated before the fifteen 
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intromissions were received, the male was removed from the cage and a different male 

was placed with the female to finish the testing.  All females received one pretest. 

Testing 

 Female mice were placed into one of three treatment groups (n = 9 to n = 10 in 

each group).  One group was not mated (non-mated group); one group received 15 

mounts without intromissions (mounts alone group), the vaginas of the mice in the 

mounts group were covered with duct tape during testing to prevent intromissions; and 

one group received 15 intromissions and an uncontrolled number of mounts (intromission 

group).  Females receiving intromissions also received ejaculations, which were scored as 

intromissions. 

 During testing animals from each group were placed concurrently in separate 

testing arenas (plastic cages).  The males were removed from the testing cage as each 

animal reached its criterion (i.e. either 15 mounts alone or 15 intromissions with mounts).  

The three female mice remained in their individual testing arena until the testing of all 

three animals was completed, and then they were placed in their original group cages. 

Euthanization 

 One hour after the test was completed the females were anesthetized with an 

overdose of 1 mL of Chloropent and decapitated.  The brains were removed from the 

cranium and drop fixed in 5% Acrolein.  Each brain was immersed in a 5% Acrolein test 

tube for one hour, the brains were then transferred to a second tube of 5% Acrolein for 

two additional hours, and then were immersed into a 20% sucrose solution.  The brains 

were placed in individual tubes of sucrose and placed in a 4ºC refrigerator. The brains 

were stored in the refrigerator until they were sliced for tissue analysis. 
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Brain Sectioning 

 Eight serial sections from the anterior commissure (plate 16) to the hippocampus 

(plate 36) were cut on a freezing microtone (-22ºC) at 40µM.  Every eighth section was 

placed into a test tube filled with cryoprotectant.  The tissue slices were stored in a -20°C 

freezer until immunocytochemistry was performed. 

Immunocytochemistry 

 The tissue sections were removed from cryoprotectant and rinsed three times 

for five minutes each in Tris-buffered saline (0.05M: pH 7.6).  Sections were placed into 

1% sodium borohydride solution for 10 minutes.    Sections were rinsed four times for 

five minutes each in Tris-buffered saline (0.05M TBS: pH 7.6).  Sections were placed in 

TBS containing 20% normal goat serum (NGS), 1% bovine serum albumin and 1% H202 

for 20 minutes to reduce non specific staining.  Sections were then incubated for 72 hrs in 

rabbit polyconal primary antibody (C1355) 1:50,000 dilution consisting of 1% Normal 

serum, 0.5% Triton X-100 in 0.05M TBS with NaN3, Gel and Trition X (pH 7.6 at 4 ºC).  

The tissue placed in a 4ºC cold room on an oscillating shaker. 

 Following primary antibody incubation the tissue was rinsed three times for 

five minutes in TBS-Gel, (containing .05M TBS with NaN3, Gel and Trition X).  The 

tissue was then incubated for 90 minutes in the secondary antibody 1.5µg/mL 

biotinylated goat anti-rabbit IgG (Jackson ImmunoResearch West Grove, PA) in a 

containing 1.5% normal goat serum in 0.05M TBS NaN3, Gel and Trition X.  The tissue 

was rinsed two time in 0.05M TBS with NaN3, Gel and Trition X for five minutes per 

rinse and then rinsed one time in 0.05M TBS at 5 minutes per rinse.   
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 The tissue was then transferred to a tertiary antibody 1:100 dilution of parts A 

and B (Vector Elite) in TBS.  The tissue was rinsed three times in 0.05M TBS at five 

minutes per rinse.  The tissue was then incubated for approximately three minutes in 0.05 

M TBS containing 0.5% diaminobenzidine (DAB) and 3% hydrogen peroxide.  The 

tissue was rinsed three times in 0.05M TBS at five minutes per rinse.  The tissue was 

placed in test tubes containing 0.05M TBS and placed in a 4ºC refrigerator.   

 The tissue was mounted on microscope slides using mounting solution of one 

gram Gelatin (275-300 bloom) and 500 mL distilled water, and cover-slipped using fisher 

permount solution. 

Data Analysis 

 The experimenter was blind to the treatment group of the animal so that while 

data analysis, quantification of Fos-IR, was being conducted it was not known what type 

of stimulation the animal received.  Representative sections of the medial amygdala 

(meAMY) and preoptic area (POA) were matched using Paxinos and Watson’s Rat brain 

atlas, fourth edition (Paxinos and Watson, 1998). A spot camera was used to capture 

digitized pictures of the meAMY and POA at 20x magnification with a Leica 

microscope. ImageJ computer analysis program was used to count the number of darkly 

stained cell nuclei, which are Fos-IR cells in represented tissue sections in the meAMY 

and POA (Figures 3 and 4). 

 One-way analysis of variance (ANOVA) was used to analyze the Fos-IR 

induction. Fos-IR induction was compared among the intromission group, mounts alone, 

and non-mated groups in both the meAMY and POA.  
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Results 

 In the meAMY there was a significant effect of treatment on Fos-IR. The mounts 

alone group had significantly greater Fos-IR induction than the intromission and non-

mated groups.  [F (2, 23) = 4.51, P = 0.023, Fig. 1].   In the meAMY while the standard 

error was similar for all three-treatment groups the mounts alone group still had increased 

Fos-IR induction (Table 1). In the POA there were no significant differences among the 

three treatment groups. [F (2, 22) = 1.00, p > 0.05, Fig. 2]. 

                                               

Group Brain area: meAMY Brain Area: POA 

15 Intromissive bouts 86 +/- 24 91 +/- 30 

15 Mount Bouts 118 +/- 29* 110 +/- 44 

Non-Mated 99 +/- 27 90 +/- 39 

    Table 1: Mean cell counts +/- standard measurement error (SEM) for each treatment 

group (15 Intromissive bouts, 15 Mount bouts, and Non-mated) in the meAMY and POA. 

* = significantly different versus all other groups, p< 0.05. 
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Figure 1.  Neuronal activation in the Medial Amygdala was observed across two different 

experimental groups, intromissions v. mounts alone, and compared to the non-mated 

control group. Mounts alone had significantly greater induction of Fos-IR than the 

intromission and non-mated groups. *= significantly different, p<0.05. 
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Figure 2. Neuronal activation in the Preoptic Area was observed across two different 

experimental groups, intromissions v. mounts alone, and compared to the non-mated 

control group.  Induction of Fos-IR was not significantly different among any of the three 

groups. 
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Figure 3. Photomicrograph digital images of Fos-IR in tissue sections from an 

intromission, mounts alone and non-mated animal in the Medial Amygdala. 
(A) = animal who received 15 Intromissive Bouts  (B) =  animal who received 15 Mount 

Bouts (C) = Non-mated animal 

 

A-Intromissions in meAMY 

 
                                             

                                              B-Mounts alone in meAMY 

                                  

 
                                      C- Non-mated in meAMY 
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Figure 4. Photomicrograph digital images of Fos-IR in tissue sections from an 

intromission, mounts alone, and non-mated animal in the Preoptic Area 

(A) =  animal who received 15 Intromissive Bouts (B) =  animal who received 15 

Mount Bouts (C) = Non-mated animal 

 

A- Intromissions in POA 

 

 
B- Mounts alone in POA 

        
                                                            C-Non-Mated in POA  
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Discussion 

 This experiment quantified and described the effects of two different types of 

mating stimuli: intromissions and mounts alone, as compared to the non-mated control 

animals on activation of forebrain neurons in the medial amgydala (meAMY) and 

preoptic area (POA) in female mice.  In the meAMY, there was significantly greater 

induction of Fos-IR in the mounts alone group compared to the intromission and non-

mated groups (Fig. 1).  In the POA there was no significant difference of Fos-IR 

induction among the three groups (Fig. 2).   

 These results on how female mice respond to mating stimuli differ from how 

female rats respond to the same type of mating stimuli.  Unlike mice, the mating behavior 

of female rats has been extensively studied.  Research with female rats has established 

that intromissive stimuli activates significantly greater amounts of Fos-IR in the 

meAMY, POA, BNST, and VMN compared to mounts alone, and non-mated groups 

(Erskrine, 1993; Blausstein, 2008; Greco et al, 2003; Pfaff et al, 1994; Pfaus and Heeb, 

1997). The results from this experiment have led us to believe that mice display a distinct 

neuronal response to the mating stimuli. 

 It is thought that the different neuronal response in female mice could be due to 

differences in mating behaviors of mice and rats. In rat mating behavior, the male 

provides the female with only one intromission or one mount at a time.  The male will 

intromitt or mount the female and then he will literally pop off of her (behavioral 

observations).  On the other hand, when a male mouse mates with a female, he provides 

bouts of stimulation.  Instead of the female receiving only one intromission or mount at a 

time, she experiences multiple intromissions or mounts during one intromissive or mount 
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bout.  In experiments with rats, the number of intromissions or mounts that the female 

receives can be precisely controlled, however in female mice, the number of bouts of 

stimulation can be controlled for, but within these bouts the number of mounts or 

intromissions vary greatly.  

 In rats, the number of intromissions received directly affects the amount of Fos-IR 

induced in the meAMY.  As stated previously researchers Erskine and Lee (2000) found 

that the amount of Fos-IR induced was proportional to the number of intromissions 

received.  Female rats who received 15 intromissions expressed significantly higher 

levels of Fos-IR than those females who received only 5 intromissions. Furthermore, 

receiving only 5 intromissions did not induce a significantly greater amount of Fos-IR 

compared to receiving mounts alone and the control non-mated groups (Erskrine and Lee, 

2000).     

In this experiment, the number of intromissions within the 15 intromissive bouts 

that the female mice received was highly varied.  This variation in numbers of 

intromissions received may have affected the amount of Fos-IR induced in the mice. 

While no statistical analysis examining the relationship between number of intromissions 

received and amount of Fos-IR induced was preformed, a trend was observed.  It 

appeared that the female mice who received a greater number of intromissions within 

their 15 intromissive bouts tended to show greater Fos-IR induction (Kirkpatrick and 

Bosk, unpublished results). Further analysis is needed to confirm this observation, but 

given the research on rats that has found that number of intromissions received affects 

Fos-IR induction, it is plausible that this relationship also exists in female mice and could 
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provide one explanation for why the intromission group did not have a greater Fos-IR 

induction than the mounts alone and non-mated groups.    

In the meAMY, Fos-IR induction was significantly lower in the intromission 

group than in the mounts alone group, which might suggest that, in mice, vaginal cervical 

stimulation (VCS) conveyed via the pelvic nerve results in an inhibition of Fos-IR.  The 

fact that, in the POA, there was no difference seen among the groups means that Fos-IR 

was not induced above what was seen in the mounts alone and non-mated groups, which 

is indirect evidence that in the intromission group Fos-IR was inhibited.  Mating-induced 

analgesia, which is reduced sensitivity to painful stimuli, has been extensively studied in 

rats and provides a starting point to explain how this inhibition may occur. 

Intromissions and ejaculations received during mating are thought to be painful 

for the female.  However, VCS is known to alter female rats’ sensitivity to painful 

stimuli.  During mating intromissions and ejaculations are known to cause mating-

induced analgesia (Lee and Erskrine, 2000; Gintzler and Komisaruk, 1991; Gomora, 

Beyer, Gonzalez-Mariscal, and Komisaruk, 1991; Watkins, Faris, Komisaruk, and Mayer, 

1984).  Due to the fact that painful stimulation induces Fos-IR (Morgan and Curran, 

1991), this mating-induced analgesia, which inhibits detection of painful stimuli, is 

known to inhibit the expression of Fos-IR in spinal cord neurons (Lee and Eskrine, 1996). 

Specifically, this reduced experience of pain signals acts to inhibit Fos-IR in spinal cord 

neurons in females who received VCS compared to Fos-IR induction in spinal cord 

neurons of the mounts only and home-cage groups (Pfaff et al, 1994; Lee and Erskine, 

1996). 
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In female rats, it appears that this analgesia is brief and neural effects may be 

localized to the spinal cord (Lee and Erskine, 1996).  Since, in the rat forebrain, VCS 

conveyed via the pelvic nerve significantly increases the expression of Fos-IR compared 

to female rats who receive mounts alone and the control non-mated animals (Erskrine, 

1993; Blaustein, 2008; Greco et al, 2003; Pfaff et al, 1994; Pfaus and Heeb, 1997), it 

appears that by the time afferent neural signals received during mating are processed in 

the rat forebrain this analgesia is no longer felt. Conversely in female mice, Fos-IR 

inhibition was observed in the meAMY (Fos-IR was not examined in the spinal cord). It 

is possible that this inhibition in the meAMY might have been due to mating-induced 

analgesia.  Mice may experience this mating-induced analgesia in a different manner than 

female rats.  Specifically female mice may experience analgesia for a longer duration of 

time, and the onset of this analgesia may differ, both of which could serve to inhibit 

forebrain neurons, decreasing Fos-IR induction.  Due to the fact that physical mating 

behavior in mice differs from that in rats, there is reason to believe that the effects of 

analgesia may also differ.   

Another form of indirect evidence that VCS conveyed via the pelvic nerve 

inhibits Fos-IR expression in forebrain neurons of female mice comes from studies that 

have investigated the role of olfactory cues in mice.  Olfactory cues received during 

mating have been widely studied in female mice (the Bruce effect; Bruce, 1960; Llyod-

Thomas and Keverne, 1982; Halem, Cherry, and Baum, 2001). 

A female mouse forms an olfactory memory to the pheromones of a male she 

recently mated with (Bruce, 1960). When female mice mated with an unfamiliar male 

they are exposed to the odor of that male which causes neurons in the vomeronasal organ 
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(VNO) to be activated.  These VNO axons project to the accessory olfactory bulb (AOB) 

(Halem, Cherry, and Baum, 2001).  This neuronal information is then conveyed to and 

processed in the meAMY and POA (Hakem, Cherry, and Baum, 2001).  When a recently 

mated female is subsequently exposed (within the following week) to the urinary odor of 

an unfamiliar male, this pathway is no longer activated, rather it is inhibited. 

Researchers Halem, Cherry, and Baum (2001) investigated the precise neuronal 

effects of male urinary pheromones on central forebrain neurons in female mice.  They 

found that there were significant increases in Fos-IR induction in the meAMY and POA 

in non-mated females who were exposed to the soiled bedding from males.  These 

increases in Fos-IR were also seen in mated females who, after mating were put in cages 

with clean bedding.  Lastly females who were mated with males and then put in a cage 

with soiled bedding from an unfamiliar male had significantly reduced Fos-IR induction 

compared to the females in the two experimental groups explained above. This receiving 

of urinary pheromones from one male increased Fos-IR expression, while being exposed 

to urinary pheromones from two different males’ inhibited Fos-IR expression. 

This research has two important implications for the interpretation of our results.  

First of all, during the behavioral test, many of the females were mated with several 

males.  This occurred because if a male ejaculated during the test, he was removed from 

the testing arena during the lengthy refractory period (period of post-ejaculation 

inactivity). In addition, if the female had not received mating stimulation after 20 minutes 

the male was removed from the testing arena and a new male was placed with the female.  

This meant that, during the behavioral test, females, especially those in the intromission 

group, were exposed to pheromones form multiple males. Which, as demonstrated by the 
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research explained above could have served to inhibit Fos-IR induction in the forebrain 

neurons of the female mice.  In addition, after the behavior test ended, the females were 

not singly housed but rather were group housed in their original cages.  This meant that 

the females from all the test groups were in close proximity to one another.  It is not 

known if or how pheromone cues originally received from males are subsequently 

relayed from one female to her littermates, but it is very plausible that the females 

smelling one another directly after the behavioral test caused all the female mice to have 

indirect exposure to pheromones from multiple males.   

The females in our experiment who received intromissions and then were exposed 

to subsequent male pheromones were similar to the mated females exposed to the 

bedding from an unfamiliar male from Halem, Cherry, and Baum’s (2001) experiment. 

Therefore, the female mice in the intromission group may have had Fos-IR induction 

inhibited in the meAMY not because of the intromissive behavior itself but because of 

exposure to pheromones from multiple males which is not to decrease Fos-IR induction.  

The mounts alone group, even though they also were exposed to pheromones from 

multiple males, may not have shown inhibition of Fos-IR because maybe the action of 

VCS intensifies the effect of receiving male sexual pheromones, while genitosensory 

stimuli received during mating has less of an effect on the neuronal processing of male 

sexual pheromones. Another variable to consider that may have affected the results is that 

throughout the experiment the females and males were housed in the same room.  It is 

unknown whether male pheromones are processed by females in separate cages from the 

male, but this is a variable that should be further investigated. As previous research 
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shows, neuronal activation in females is directly related to exposure of familiar and 

unfamiliar male pheromones. 

Because both mating stimulation and sexual pheromones induce Fos-IR, the 

interaction of both receiving olfactory cues and mating stimuli from the male should be 

investigated. Sexual pheromones and mating stimuli are both processed by the same 

forebrain areas: the meAMY, and POA.  Therefore, future experiments should examine 

how the neural integration of mating stimuli and olfactory cues affect the induction of 

Fos-IR. For example, olfactory cues and mating stimulation may summate with one 

another, creating an additive effect or the combination of these two types of stimulation 

may negate each other. 

Another finding from this experiment that needs to be examined is why there was 

a significant finding in the meAMY, mounts alone had significantly greater Fos-IR 

induction than intromission and non- mated animals (Fig.1) but no differences among the 

treatment groups in the POA (Fig 2).  A possible explanation for this finding comes from 

research using female rats conducted by Erskine, and Hanrahan (1997) discussed 

previously, who found that the meAMY is the only forebrain area that exhibits a dose-

dependent response to VCS, with 5, 10, or 15 intromissions inducing progressive 

increases in number of Fos-IR cells in rats after mating.  While the POA exhibits an all-

or- nothing response to varying number of intromissions (Erskine and Hanrahan, 1997),  

the meAMY is believed to be involved in the summation and integration of VCS in rats, 

and thus is the most sensitive to mating stimuli. Activation of POA neurons show 

excitation only after the meAMY has processed the stimuli.  Therefore, the POA may not 

be as sensitive in detecting differential amounts of stimulation. This may be particularly 
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pertinent in this study due to the behavioral characteristics of mice mating behavior.  As 

mentioned earlier, mice receive varying amounts of stimulation as a result of intromissive 

and mount bouts.  The female mice in this experiment who received a low number of 

total intromissions could have experienced a smaller neuronal excitatory effect in the 

meAMY.  This excitation of meAMY neurons may not have been great enough to reach 

the POA’s threshold of excitation, causing less activation of POA neurons, which could 

explain why there was no significant effect in this forebrain area. 

Now that many of the behavioral and species specific explanations of our results 

have been discussed it is important to also look at several limitations of this study which 

may have affected our results. As mentioned previously, Fos-IR is a genomic signal of 

neuronal activation and is induced by many forms of stimulation such as light, sound, 

smell, pain, and touch (Morgan and Curran, 1991).  Therefore, the mounts alone and non-

mated groups received many forms of stimulation even if they did not receive VCS.  It is 

possible that this additional stimulation directly affected the amount of Fos-IR induction 

these groups displayed. 

One factor that may have increased the amount of stimulation that all animals 

received was the multiple housing.  All the animals in our experiment were group housed 

five to a cage both before and after the behavioral test.  The animals received a large 

amount of tactile stimulation from one another due to them huddling together in the same 

part of the cage, and playing with one another (behavioral observations).  After the 

females mated with the males and were placed back in their home-cage, the females 

would vigorously mount one another, mimicking the mating behavior of the males.  It is 

possible that this social contact affected the induction of Fos-IR. 
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In experiments that investigate mating behavior in rats it is common for the 

female rats to be housed like the female mice were in our experiment: group housed both 

before and after the behavioral test.  However, experimenters Erskine and Hanrahan 

(1997) believe that it is important to singly house the female rats after the behavioral test.  

They found that when they group housed the females after behavioral testing there was 

above average Fos-IR induction in the mounts alone and non-mated group.  Specifically, 

they found that when the females were group housed after mating with the males there 

was no statistically significant difference in amount of Fos-IR in the POA among the 

intromission, mounts alone, and non-mated group.  These researchers believed that the 

group housed females prior to sacrifice received more social and or sexual interactions 

throughout the experiment than in previous studies conducted where the females were 

singly housed both before and after mating (Erskine and Hanrahan, 1997). This provides 

evidence that in our experiment the group housing of all females after mating with the 

males could have led to greater than average Fos-IR induction in the mounts alone and 

non-mated groups. 

In many behavioral experiments with mice that investigate how male pheromones 

affect Fos-IR induction, the females are singly housed after exposure to the male’s soiled 

bedding (Keller, Pierman, Douhard, Baum, and Bakker, 2006; Binns and Brennan, 2005; 

Arakawa, Balnachard, 2007; Halem, Cherry, and Baum, 2001). This is done to ensure 

that females do not receive any additional pheromones that are not controlled for. As 

mentioned previously the females that were mated with the males, exposed the sexual 

pheromones they received to the other females in their cage that did not receive VCS 
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from the males.  This could have served to either inhibit Fos-IR in the intromission group 

or enhance Fos-IR in the mounts alone, and non-mated groups.   

Because this experiment manipulated the amount of stimuli received during 

mating it is logical that we followed the common paradigm used with this type of 

research in rats: to group house the animals both before and after the behavioral test 

(Erskine and Hanarhan’s single housing procedure is unique).  However, olfactory cues 

play a more significant role in mating behavior in mice than rats and therefore it may be 

necessary to house the females singly after behavioral test. In future studies, it will be 

important to singly house the animals after mating with the males to determine to what 

extent social stimuli and olfactory pheromones from other females affect Fos-IR 

induction. 

As mentioned previously Fos-IR is induced by a wide variety of stimulation 

including touch (Morgan and Curran, 1991).  The female mice where handled everyday 

throughout the course of the experiment to familiarize the female mice with being 

touched, picked up, and held, to decrease over time the neuronal activation caused by 

being handled. This desensitization to touch was important because during the actual 

behavior test the females had to be handled; they needed to be transferred from their 

home-cage, to the testing arena, and then back to their home-cage. Handling the animals 

within one hour of sacrifice (i.e. during behavioral test) could have served to induce Fos-

IR. Therefore it was our intention that the large amount of handling that the female mice 

received throughout the experiment lessened the neuronal effect of being handled during 

the actual behavior test. However, there is no way to insure that this occurred.  One 

explanation for there being no difference in induction of Fos-IR among treatment groups 
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in the POA is that the handling during the behavioral test did indeed induce Fos-IR.  The 

equal handling that all the animals received may have negated the effect of receiving 

different types of mating stimuli and could explain why Fos-IR induction was similar 

among all three groups.  

 The mounts alone group received a type of stimulation that none of the other 

groups received. The mounts alone group had duct tape, which served as a vaginal mask, 

placed over their ano-genital region The placement of the duct tape was very difficult and 

it often took multiple tries to get the duct tape to cover the correct region on the female.  

In addition, it seemed as though this tape was uncomfortable and even painful for the 

females.  They would pick at the tape and try to remove it.  The females’ attempts to 

remove the tape caused them to have increased stimulation to their vaginal area which 

could have affected Fos-IR induction.  Many times the females were successful in 

removing the tape which meant that we had to handle the females additional times during 

the behavior test to replace the tape, which also could have affected Fos-IR induction.  

The sensation due to the duct tape that the female mice felt could also have served to 

induce Fos-IR. In future experiments, duct tape should be placed on half of the non-

mated animals to determine how having duct tape placed over the ano-genital region of 

the females affects the induction of Fos-IR compared to the non-mated animals without 

the duct tape.  The duct tape and added stimulation that the females received due to it 

could have induced significantly greater Fos-IR in the mounts alone group compared to 

the two groups that did not have duct tape on them: the intromission group, and non-

mated group. 
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 An experiment examining mating stimulation in mice has never been conducted 

before there are some variables that were unintentionally not controlled for. These 

include group housing and olfactory cues which could have affected Fos-IR induction. 

Future experiments that control these variables should be conducted to ensure these 

variables are not influencing the results reported here. Overall, this experiment was 

successful in describing the neuronal response in forebrain neurons of female mice in 

response to different types of stimulation received during mating. 
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