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ABSTRACT 

 

The transcription factor ∆FosB is increased in the brain after repeated exposure to 

several forms of stimuli.  The nucleus accumbens (NAc), an area of the brain involved in 

rewarding behavior, is a site of major ∆FosB activity after exposure to chronic stimuli, 

including, but not limited to, drugs of abuse, stress, wheel running, sucrose consumption, 

and sex.  The medial preoptic area (MPOA) is an area important for sexual and parental 

behavior.  The immediate-early gene product c-Fos is observed in the medial preoptic 

nucleus (MPN) after initial sexual experience, and to a greater degree after multiple 

experiences.  c-Fos is also found in the MPOA after parental behavior (i.e. retrieving 

pups), as is FosB, the full-length transcript of which ∆FosB is a truncated form.  ∆FosB 

has recently been found to be increased in the NAc after multiple sexual experiences; 

however, FosB and ∆FosB have not been investigated in the MPOA after any amount of 

sexual experience.  For this thesis, we used immunohistochemistry (IHC) to investigate 

FosB/∆FosB activation in the MPOA of male rats that were given various amounts of 

sexual experience, including fifteen, one, and zero sessions.  Two groups received fifteen 

sessions; one group received their last experience one week before sacrifice, whereas the 

second group received their last experience the day before sacrifice. We found the 

number of FosB/∆FosB-immunoreactive cells is increased significantly in the MPN of 

males given one experience, compared to naïve males and the experienced group 

receiving their last experience one week before sacrifice; those given long-term sexual 

experience (up until the day before) were not significantly different from any of the other 

3 groups.  Western immunblotting was used to determine the molecular identity of the 

protein being expressed in IHC.  It appears that ∆FosB, at 35-37kDa, is expressed in the 

MPOA after the first sexual experience.   Based on these results, it is postulated that 

∆FosB in the MPOA may be important for the priming of sensory and/or motor 

integration in the MPOA with the initial sexual experience of male rats.   
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INTRODUCTION 

 

  ∆FosB: a marker for long-term adaptation.  The fos family of immediate early 

genes has been successfully studied in a variety of behaviors/responses to stimuli, as a 

marker for cell activity.  Typically, Fos proteins are activated briefly, showing peak 

activity at 60-90 minutes (c-Fos) or 6 hours (FosB) (for review: 28).  After peak activity, 

the level of the protein declines.  One exception is ∆FosB.  This 35- to 37-kDa protein is 

activated after a delay, and remains active for a long period of time, anywhere from 

several days to weeks and even months (1, 4-5, 10, 12-14, 20, 22-23, 33-34, 38).  ∆FosB 

is a truncated form of full-length FosB, missing the 101 amino acids from the C-terminal 

end (8, 25-26, 48).  As with the other members of the Fos family, ∆FosB forms a 

heterodimer with the Jun family of proteins, mostly with JunD, to form an activator 

protein-1 (AP-1) complex (5,11).  This complex binds upstream in the promoter region of 

a gene, leading to repression or induction of transcription; thus, it acts as a transcription 

factor (8, 26, 5, 21, 24, 17, 40).   

∆FosB is primarily involved in chronic “conditions” or with chronic stimuli. This 

has led researchers to postulate that ∆FosB is important for transitioning into the long-

term condition, and that it may serve as a sort of “molecular switch” to strengthen the 

neural circuitry of the brain (22, 28). Several areas of study that have investigated this 

transcription factor include seizure activity, stress response, sucrose consumption, sexual 

behavior, and, primarily, drug addiction (4, 29, 35, 46).  Most of these studies have found 

the nucleus accumbens (NAc), an area involved in the rewarding aspect of both artificial 

and natural behaviors, to be a main brain area with abundant ∆FosB activity (29, 37). 

Immediate early genes in the medial preoptic area.  The medial preoptic area 

(MPOA) of the hypothalamus is involved in several behaviors, including, but not limited 

to sexual behavior (especially male) and parental behavior.  In terms of parental behavior, 

it is especially important for retrieving pups in the nesting area (30).  Taking care of pups 

leads to c-Fos and FosB expression in the MPOA (16, 18, 31, 32).  c-Fos is induced after 

1-2 hours of pup exposure, while FosB increases more slowly, leading to peak expression 

at 6 hours of pup exposure (32).  This temporal difference in expression may correlate 

with c-Fos mediating acute effects, while chronic, or longer-term effects, may be 
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regulated by FosB (32).  The expression of both transcription factors is found in similar 

areas of the MPOA and may be found in the same cells (studies have not been conducted) 

(32).  FosB knockout mice are also found to be deficient in retrieval of pups, while all 

other characteristics of this strain appear to be normal (including mating, cognitive 

functions, and delivery of pups) (2). 

Both females and males show c-Fos expression in the medial preoptic nucleus 

(MPN), a central nucleus of the MPOA, after sexual behavior (7, 19). Males show an 

increasing amount of c-Fos after mounting and intromission, with the highest expressed 

after ejaculation (7).  Subsequent ejaculations result in even more c-Fos activity (7).  

Females, however, express activity in the MPN only after the male has ejaculated (7).  

Additional studies have observed Fos-like immunoreactivity (Fos-Li) in the MPN after 

repeated sexual experiences, as well as after the first sexual experience in male rats (19).  

Interestingly, copulation to one ejaculation elicited greater Fos-Li in the MPN of sexually 

experienced males (8 mating sessions) compared to rats receiving their first experience 

(19). 

Is ∆FosB expressed in the MPOA with sexual behavior? The immediate early 

gene c-fos has been expressed in the MPOA with sexual behavior in numerous studies; 

not only with several experiences, but even with one experience, there is an increase in 

Fos-immunoreactivity (-ir) (7, 19).  Unlike c-Fos, FosB or its isomers of ∆FosB have not 

been examined in this brain area following sexual behavior.  Recent work, however, 

found naturally rewarding behavior, that of sucrose consumption and sexual behavior, led 

to a greater amount of ∆FosB activity in the NAc of male rats (46).  This is similar to 

∆FosB activity seen after exposure to drugs of abuse (29, 37).  Though the degree of 

expression is substantially lower than with drugs of abuse, it is still significantly greater 

than control groups (46).  Given that the MPOA is integral to male sexual behavior, and 

that c-Fos has been observed in this area following this behavior, it is of interest to 

investigate whether sexual behavior increases ∆FosB in the MPOA as well.  This would 

help us to understand the short- and long-term effects of sexual experience in the brain.  

Furthermore, ∆FosB has not been well studied in the hypothalamus, and the results of this 

exploration may translate to other areas of the brain, besides the NAc, which would open 

up a new arena in the study of transcription factors and neural activity.  
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Thesis Overview.  The main goal of this thesis was to investigate whether sexual 

experience had an effect on ∆FosB activity in the medial preoptic area. Experiment 1 

used IHC to observe the number of FosB/∆FosB-ir cells in the MPOA after sexual 

experience, while experiment 2 used western blotting to characterize the protein as 

∆FosB.  ∆FosB has been observed in the NAc after long-term sexual experience (46); 

therefore, we also looked at this additional brain area.  Four groups were given sexual 

experience: NNS (naïve, no sexual experience); NS (naïve, with the first experience 

given 18-24 hours prior to sacrifice); ENS (experienced for 15 sessions, with the last 

session given one week prior to sacrifice); and ES (experienced for 15 sessions, with the 

last session given 18-24 hours before sacrifice).   
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MATERIALS AND METHODS 

 

Introduction.  For experiment 1, the level of FosB/∆FosB activity was observed in 

the MPOA of male rats given varying amounts of sexual experience.  IHC was performed 

to label the protein. The antibody used in IHC detects a portion of the FosB protein that is 

present in both FosB and ∆FosB, but not ∆FosB by itself.  Therefore, western 

immunoblotting was performed in experiment 2 to determine which form of the protein is 

present after sexual experience.  The NAc was tested for both experiments as well, as this 

area has been shown to have an increase in the protein after sexual experience (46). 

Animals. Male Blue-Spruce/Long Evans rats (Harlan, Indianapolis, IN) were used 

in both experiments. Upon arrival, they weighed approximately 250-275 grams and were 

weighed on a regular basis.  They were housed individually, in a climate controlled room, 

on a 14:10 hour light:dark cycle (lights off at 11:00AM) and food and water were 

available ad libitum. Female Blue-Spruce/Long Evans rats (Harlan, Indianapolis, IN) 

were housed in pairs; food and water were available ad libitum. They were 

ovariectomized (OVX) and were brought into estrus by administering estradiol benzoate 

and progesterone, 48 and 4 hours, respectively, prior to giving the males sexual 

experience.  Receptivity of females was determined by pre-testing with stud males. Those 

females that received 3 intromissions by the stud male and showed proceptive behavior 

(e.g. hopping and darting) were used for the experience with the experimental males.  All 

animal procedures were approved by the Florida State University Institutional Animal 

Care and Use Committee. 

Animals were divided into four groups (n = 5/group for IHC; n=6/group for 

western blotting):  (1) naïve, no sex (NNS) did not receive any sexual experience; (2) 

naïve, sex (NS) received one session of sexual experience 18 to 24 hours prior to 

sacrifice; (3) experienced, no sex (ENS) received 15 sessions of sexual experience, with 

the last experience given one week prior to sacrifice; (4) experienced, sex (ES) received 

15 sessions of sexual experience, with the final experience 18 to 24 hours prior to 

sacrifice (Figure 1). For the two groups with multiple experiences (ES and ENS), a 

female was placed into the home cage of a male, and sexual behavior was manually 

recorded with a program developed at Florida State University (D. Donaldson).  Sexual 
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behavior was measured for one complete ejaculatory series (the amount of time it takes 

the male to ejaculate) through the next intromission, whereupon the female was removed.  

Measurements were recorded as follows: mount latency (ML), the time (sec) it takes the 

male to mount the female; intromission latency (IL), the time (sec) it takes the male to 

achieve the first successful intromission; mount frequency (MF), the total number of 

times the male mounts the female during the first ejaculatory series; intromission 

frequency (IF), the total number of intromissions achieved by the male during the first 

ejaculatory series; ejaculatory latency (EL), the time (sec) it takes the male to ejaculate 

following the first intromission; and post-ejaculatory interval (PEI), the time period 

between ejaculation and the next intromission.  Sessions were given one to two times per 

week for approximately two months.  Males in the NS group received a single session of 

experience with one complete ejaculatory series through the first intromission of the 

second series.  Males in the NNS and ENS groups did not receive experience 18-24 hours 

prior to sacrifice; instead, they were taken to a separate room for 30 minutes with their 

cage tops lifted briefly and a hand moved inside the cage to act as if placing a female in 

the cage. 

Immunohistochemistry.  18-24 hours after the last experience, males were 

anesthetized with sodium pentobarbital (i.p.). Once they were unresponsive to tail pinch, 

rats were perfused with 350-400 ml phosphate buffered saline (PBS) (pH 7.4), followed 

by 400-500ml 4% paraformaldehyde in 0.1M sodium phosphate buffer (PB) (pH 7.4).  

Brains were removed and postfixed in 4% paraformaldehyde for 2 hours at 4ºC, after 

which they were placed in a 30% sucrose solution for approximately 2 days, until ready 

to be sliced.  Brains were sliced on a cryostat, and 40µm slices were taken and stored in a 

cryoprotectant solution at 4ºC.     

Purpose of starting perfusions 18-24 hours after the last experience:  the antibody 

used for IHC is raised against the N-terminal region of FosB that is on both FosB and 

∆FosB.  Since levels of FosB protein decline to near baseline levels within 12 hours (35-

36), it is likely that any protein labeled after 18-24 hours is ∆FosB.  Study 2 was 

conducted with western blotting to determine the molecular weight, and therefore the 

identity, of the protein. 
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FosB/∆FosB-ir was detected using the rabbit anti-FosB antibody raised against 

the N-terminal region of FosB found on both FosB and ∆FosB (SC-48: Santa Cruz 

Biotechnology).  FosB/∆FosB-immunoreactive (-ir) staining was visualized with the 

avidin-biotin peroxidase method.  Sections were first washed with PBS + 0.1% Tween-20 

(PBST) three times for 15 minutes each (3 X 15 min).  Sections were blocked for 2-3 

hours in 5% normal goat serum in PBST.  Sections were incubated overnight in PBST, 

0.5% bovine serum albumin (BSA), 0.2% sodium azide, and rabbit anti-FosB antibody 

(SC-48; 1:500) at 4ºC.  The next day, sections were washed with PBST 5 X 15 min, then 

incubated in 0.5% H2O2 in PBST for 45 minutes at room temperature.  Sections were 

washed again in PBST 5 X 15 min. Sections were incubated in a biotinylated anti-rabbit 

raised in goat secondary antibody (Vector Laboratories; 1:2000) in PBST at room 

temperature for 1-2 hours.  Sections were washed in PBST 4 X 15 min, then incubated in 

the avidin-biotinylated horseradish peroxidase complex from the elite Vectastain Kit 

(Vector Laboratories) for 1-2 hours at room temperature.  Sections were rinsed with 

PBST and placed in 4ºC overnight.  On the third day, sections were washed with PBST 4 

X 15 min. Sections were first washed in diaminobenzidine (DAB) for 30 minutes, then 

developed with DAB + .01% H2O2 until staining was complete and FosB/∆FosB-ir was 

detected.  The DAB reaction was stopped with 1X PBS.  The sections were then rinsed 

with dH2O, followed by PBST washes 3 X 10 min.  Sections were washed one final time 

with PBS, then mounted onto slides with gel.  After drying overnight, the slides were 

dehydrated and coverslipped with Permount.    

Slides were labeled with a code to allow for blind counting.  Using ImagePro 

(Empire) software, images of the MPN (AP level -0.51mm) (44) and NAc (AP levels of 

0.45-1.7mm) (44) were taken at both 4X and 10X magnification. The cells labeled with 

the FosB/∆FosB antibody were quantified, using a 10X microscopic image on the 

computer.  Cells were labeled on the computer image to prevent duplicate counting. 

Western Immunoblotting.  Rats were anesthetized with brief exposure (~ 2 

minutes) of CO2 before sacrifice.  Brains were collected, frozen rapidly with 2-methyl 

butane, then stored in aluminum foil in the -80°C freezer.  Using a cryostat, the brains 

were sliced and tissue punches were taken from 1-mm thick sections of the MPOA and 2-

mm thick sections of the NAc. For both brain areas, sections from two subjects in similar 
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experimental groups were pooled together to increase the amount of protein from each 

sample (n=6/group for behavior; n=3/group with 2 brains pooled together for western 

blotting). Tissue was homogenized in RIPA Buffer (50mM Tris (pH=7.4), 100mM NaCl, 

2.5mM EDTA, 1% Triton X-100, 0.5% NP-40, 2.5mM Na3VO4, 1mM 

phenylmethylsulfonyl (PMSF), 25 µg/ml aprotinin and leupeptine), incubated on ice for 

30 minutes, then centrifuged for 10 minutes at 1,200g.  Supernatant was removed and 

stored in the -80°C freezer.  After calculating the protein with the use of a 

spectrophotometer, equal amounts were loaded onto a 10% SDS-polyacrylamide gel.  Gel 

electrophoresis was set at 110V for approximately an hour and a half.  The fractionated 

protein was transferred to a polyvinylidene difluoride (PVDF) membrane, then rinsed in 

phosphate buffered saline + 0.1% Tween-20 (PBST) for 10 minutes, followed by an hour 

in blocking buffer (PBST + 5% dry milk). The membrane was incubated overnight in 4°C 

with the primary antibody against FosB (SC-48: Santa Cruz Biotechnology; 1:1000 for 

MPOA, 1:4000 for NAc).  The next morning, the membrane was incubated with the 

secondary antibody (goat anti-rabbit horseradish peroxidase-linked; Pierce 

Biotechnology; 1:2000) for 1 hour at room temperature. This was followed by 3 rinses in 

PBST for 10 minutes each.  The membrane signal was enhanced with the 

chemiluminescence kit (ECL; Amersham Biosciences, Piscataway, NJ) for two minutes, 

and developed on Kodak BioMax film.   The membrane was stripped of the FosB 

antibody and labeled again with a beta-actin antibody for a control.  The film was 

scanned and bands were quantified by densitometry using NIH-ImageJ (Version 1.33U; 

National Institutes of Health, Bethesda, MD). 

Data Analysis.  A one-way analysis of variance (ANOVA) test was used to 

calculate the effect of experience on the number of FosB/∆FosB-ir cells or band densities 

in the MPN/MPOA and the NAc.  For significant ANOVA effects (p < 0.05), Tukey’s 

post-hoc tests were used to calculate effects between groups of experience.  Data were 

calculated using the SPSS (version 16.0) software program. 
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RESULTS 

 

Receiving one sexual experience led to an increase in FosB/∆FosB-ir in the MPN 

of male rats.  A one-way ANOVA test resulted in a significant effect of experience on the 

number of FosB/∆FosB-ir cells, F(3, 15) = 7.369, p < 0.01 (Figure 2, 3).  Tukey’s post-

hoc test resulted in higher levels of FosB/∆FosB in the one experience (NS) group 

compared to those receiving no experience (NNS) and those receiving 15 experiences 

until a week before sacrifice (ENS) (ps < 0.01).  No significant difference was found with 

the group that received 15 experiences until 18-24 hours before sacrifice (ES) (p = 

0.385).  A nonsignificant trend for increased binding was found for ES compared to NNS 

and ENS: p = 0.199 and 0.194, respectively. 

Long-term sexual experience resulted in an increase of FosB/∆FosB-ir in the NAc 

of male rats.  However, significance can not be calculated, as only one sample each from 

3 of the 4 groups was observed. The 3 brains that have FosB/∆FosB-ir come from the 

NNS, NS, and ENS groups.  Based on these 3 samples, we see an increase in 

FosB/∆FosB-ir in the experienced (ENS) group compared to both NNS and NS (data not 

shown).  

Receiving one sexual experience leads to an increase in ∆FosB in the MPOA of 

male rats.  Western blotting separated the different sized proteins, resulting in ∆FosB 

observed at the 35-37kDa marker in the MPOA after varying amounts of sexual 

experience (Figure 4).  This aids in the conclusion that ∆FosB and not FosB is expressed 

in the MPN of male rats after one experience, as seen in IHC.  Significance, however, 

was not obtained, although a trend was observed.  Based on samples of n=2-3/group, a 

one-way ANOVA resulted in a trend for levels of ∆FosB, F(3,6) = 2.646, p = 0.161 

(Figure 5).  Tukey’s post-hoc test revealed trends for the one experience group (NS) 

having higher levels of ∆FosB than NNS (p = 0.205) and ENS (p = 0.171).   

Comparing band densities of ∆FosB from the NAc with a one-way ANOVA 

revealed a significant effect of experience on levels of ∆FosB, F(3,9) = 5.218, p < 0.05 

(Figure 4, 6).  Tukey’s post-hoc test revealed higher levels of ∆FosB in the experienced  
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(ES) group compared with NNS and NS, ps < 0.05; a trend was found with ENS, p = 

0.100.  This is similar to recent research shown in Wallace et al, 2008 (46). 
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DISCUSSION 

 

 The first sexual experience (NS) of male rats resulted in an increase in the number 

of FosB/∆FosB-ir cells in the MPOA, with a similar trend shown for protein 

concentration of ∆FosB. With ∆FosB in the MPOA observed most distinctly after the 

first sexual experience and decreased thereafter, it is postulated that it may have a role in 

the priming of sensory and/or motor integration of the MPOA for future experience. 

Although it was not significant (but with a trend), western blotting did show the 

protein to be at the 35-37kDa marker for ∆FosB and not at 46-48kDa for FosB. Lack of 

significance for the MPOA may have been due to several reasons, including cryostat 

issues when sectioning and punching tissue. Some sections, therefore, were not adequate 

to use for punches, resulting in n=2-3/group (after pooling two brains together).  Error 

with the protocol may have been an additional reason for lack of significance, as our lab 

is not proficient in this procedure; therefore, fine-tuning of various steps may lead to 

clearer results.  The sections for the NAc were easier to collect, and therefore, tissue was 

not lost for this brain area.  Significance was found, with ES having more ∆FosB protein 

than both NNS and NS. The ENS group not showing significantly higher amounts of 

protein was unexpected, as the section in IHC showed an almost two-fold increase in the 

number of FosB/∆FosB-ir compared to both NNS and NS. However, significance can not 

be calculated for IHC in the NAc, as only one sample each from 3 of the 4 groups, was 

observed.  Therefore, with additional animals, it is possible that ENS may have a mean 

closer to NNS and NS. The reasoning behind the small sample size for NAc tissue is 

most likely due to the postfix time of the brain.  Normally for the MPOA the brain is 

postfixed in 4% paraformaldehyde for 2 hours at 4ºC, then switched to sucrose.  For all of 

the brains in this study, except for 3, this was the method used.  The 3 exceptions were 

kept in postfix overnight, because of doubt over the efficacy of the perfusion (e.g. the 

animal did not harden as well after PF was perfused).  These 3 brains have tissue for 

which FosB/∆FosB-ir can clearly be observed in the NAc.  The remaining brains show 

little to no staining of cells in the NAc (again, most likely due to the shortened, 2-hour 

postfix time).  The 3 brains that have FosB/∆FosB-ir come from the NNS, NS, and ENS 

groups.  Based on these 3 samples, we see an increase in FosB/∆FosB-ir in the ENS 
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group compared to both the NNS and NS (data not shown). Having only n=1 per group 

for IHC does not give an accurate measurement; a future study to properly collect NAc 

sections for IHC for all four groups of experience will give a more accurate reading of 

FosB/∆FosB activity. 

 The immediate early gene, fosB, is transcribed into the protein FosB.  It can also 

become ∆FosB by splicing the 101 amino acids off the C-terminal end (8, 25-26, 48).  

This shortened form has revealed a fascinating difference in the fos family of immediate 

early genes.  Typically, these Fos proteins are activated immediately upon neural 

stimulation and show peak activity anywhere from 90 minutes (c-Fos) to 6 hours (FosB) 

(28).  After this, they decline to basal levels within the same amount of time.  ∆FosB is 

activated after a delay, and remains stable for a considerably longer period of time, 

ranging from days to weeks, even months (22, 1, 4-5, 10, 12-14, 20, 23, 33-34, 38).  With 

drugs of abuse, after an acute exposure, ∆FosB in the NAc shows only slight activity; it is 

with chronic administration that ∆FosB increases dramatically and shows prolonged 

activation.   

 The stability of this protein has been studied, and two mechanisms of 

posttranslational modifications have been found to lead to the long-term activity. 

Phosphorylation of a “highly conserved” serine residue (S27) at the N-terminal end is 

found for ∆FosB but not any of the other Fos family members (45).  The C-terminal end, 

missing from ∆FosB, may also play a part in destabilizing the other Fos family members 

at an early time; two areas of this missing section are marked for degradation in all Fos 

proteins except ∆FosB (3).  

 Several areas of the brain show an increase in ∆FosB activity.  Within the cerebral 

cortex and hippocampus, chronic seizures result in ∆FosB remaining active for several 

months (11, 13).  The suprachiasmatic nucleus (SCN) of the hypothalamus shows this 

protein active during circadian rhythms (41). But it is with drugs of abuse, so-called 

artificial rewards, where a large portion of research on ∆FosB has been conducted. 

Almost every drug of abuse causes this protein to be activated in the brain.  The caudal 

portion of the ventral tegmental area reveals ∆FosB activity after morphine withdrawal 

(36).  The paraventricular nucleus of the hypothalamus (PVN) shows an increase after 
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cocaine administration (6).  The NAc, or ventral striatum, is where the greatest activity is 

found, and most consistently across most drugs.  This area has been studied with both 

artificially and naturally rewarding behaviors.  Interestingly, basal levels in this area and 

the dorsal striatum are higher than in other areas of the brain (review: 29).  With chronic 

stimulation of several drugs, such as cocaine, alcohol, opiates, and nicotine, ∆FosB 

increases dramatically in the NAc (14, 27, 23, 33-34, 38). 

 Other types of stimulation, besides drugs of abuse, also lead to an increase of 

∆FosB in the NAc.  Chronic exposure to stress leads to an increase in the NAc, as well as 

the frontal cortex and amygdala (35).  Natural rewards, such as exercise (wheel running), 

sucrose consumption, and sexual behavior also lead to ∆FosB increases in the NAc (46-

47).  It is noteworthy to mention that this increase in naturally rewarding behaviors is not 

as strong as with drugs of abuse; however, the increase is still significant compared to 

controls (46).   

 Although ∆FosB has been found in a few areas of the hypothalamus (PVN and 

SCN), it has not been well studied in the MPOA.  A few studies have found regular-

length FosB in the MPOA with parental behavior, but did not characterize it as 

potentially being ∆FosB-ir (31-32).  These studies were conducted after observing fosB 

knockout mice to be deficient in retrieving pups to the nesting area (an important and 

essential part of parental behavior), though most other behaviors were found to be normal 

(2, 31-32).  Consequently, other studies have looked at the increase of FosB after 

exposure to pups and found that after 6 hours, there is an increase in this protein 

compared to those not exposed (32).   

 The MPOA is not only involved in parental behavior, but also male sexual 

behavior.  It is a central area for integration of both sensory input and motor output (42-

43). Stimulation of the MPOA facilitates sexual behavior, while inhibition (e.g. lesioning 

of tissue) impairs the behavior (review: 15).  The immediate early gene product, c-Fos, 

has been studied in this area, specifically in its central nucleus, the MPN, and found to be 

activated not only with the first sexual experience, but to an even greater extent after 

multiple experiences (7, 19).  With experience, male rats are able to copulate with greater 

efficiency, displaying fewer mounts and intromissions before ejaculation, and having a 

shorter latency to mount, intromit, and ejaculate.  Experienced males are also more 
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resistant to the effects of stress, various lesions, and castration (review: 15).  It is 

therefore suggested that sexual experience enhances mating-induced activation and 

responsiveness to sexual stimuli in the MPN (9).  

 The greater increase of c-Fos in the MPN with multiple sexual experiences is 

opposite to what is observed in the NAc after exposure to various drugs of abuse.  Upon 

introduction to a drug, c-Fos (and other Fos family members) increases substantially in 

the NAc, but after multiple exposures, this protein decreases, even to below basal levels 

(12, 14).  As mentioned, ∆FosB in the NAc shows very little induction with acute stimuli, 

but a substantial increase after chronic exposure (22, 1, 4-5, 10, 12-14, 20, 23, 33-34, 38).  

Recent work by Renthal, et al, 2008 (39) has found ∆FosB to have an epigenetic effect on 

desensitizing the c-fos gene.  After multiple exposures to amphetamine, they found 

∆FosB to accumulate at the c-fos gene promoter, leading to attenuation of a c-fos 

response.  This was postulated to possibly be one mechanism in regulating the response 

of an animal to chronic drug use.  

With the current study described in this thesis, we have found ∆FosB to be 

present at significant levels in the MPOA after the initial sexual experience.  However, 

after multiple experiences levels decrease and are not present one week after the last 

sexual experience (ENS group).  This contradictory effect of ∆FosB in the MPOA 

compared to the NAc is also seen with c-Fos (lower levels after acute stimulus, higher 

after chronic).  It would be of interest to further study these proteins in the MPOA.  

Additional immunohistochemistry trials to double label FosB and c-Fos would show if 

these two familial proteins are expressed in similar cells within the medial preoptic area 

with sexual experience.   

Also of interest would be to look at upstream regulation of ∆FosB. 

Phosphorylated extracellular signal regulated kinase (pERK) is shown to be involved in 

FosB/∆FosB acitivty.  Blocking phosphorylation of ERK in the MPOA led to decreased 

FosB expression, resulting in an impairment of parental behavior in virgin female mice; 

however, it did not disrupt parental behavior in parous females (18).  Double-labeling of 

pERK with FosB in the MPOA would show potential upstream activity linked to that of 

FosB.  Blocking the expression of ∆FosB is another area of interest.  If ∆FosB is 

important for priming of sensory and/or motor integration of sexual behavior, we would 

13



  

expect blocking the activity to lead to an impairment in this process.  A possible route of 

suppression includes a MEK (mitogen-activated protein kinase and extracellular receptor 

kinase kinase) inhibitor, which would block the activity of ERK, and potentially of 

∆FosB.   

CREB (cAMP response element binding protein) is another possible candidate to 

block, as it is involved in learning and has been associated with ∆FosB activity (21).  In 

the nucleus accumbens, CREB and ∆FosB have similar effects on gene expression with 

short-term cocaine exposure (although with a more dominant effect of CREB), whereas 

long-term stimuli show an increase in ∆FosB and a decrease in CREB (21).  Because of 

the opposing effects of c-Fos and ∆FosB in the MPOA compared to the NAc, it is 

possible that CREB may also show different effects in the MPOA and would be another 

ideal study to explore. 

 In conclusion, ∆FosB is a strong marker for neuronal activation in several areas of 

the brain, most notably in the nucleus accumbens, with chronic stimuli.  Such rewarding 

stimuli, both artificial and natural, include drug use, sucrose consumption, and sexual 

behavior.   ∆FosB in the MPOA appears to be involved in a different way, as levels in the 

MPN are highest after the first sexual experience, and decline after multiple experiences, 

with virtually no activity seen one week after the last experience.  This may lead to an 

opposite effect compared to c-Fos, in which levels increase in the MPN after several 

sexual experiences.  Therefore, it is hypothesized that ∆FosB may be involved in the 

priming of sensory and/or motor integration of sexual behavior, especially since this area 

is essential for the integration of these stimuli, whereas c-Fos may be involved in greater 

copulatory efficiency. 
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Figure 1. Experimental design for behavior in experiments 1 and 2. NNS = naïve, no sex; 

NS = naïve, sex (with first experience 18-24 hours before sacrifice); ENS = experienced, 

no sex (with last experience one week prior to sacrifice); ES = experienced, sex (with last 

experience 18-24 hours before sacrifice); IHC = immunohistochemistry; Westerns = 

Western immunoblotting. 
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Figure 2. Expression of FosB/∆FosB immunoreactive neurons in the medial preoptic 

nucleus (MPN) of male rats given varying amounts of sexual experience.  Representative 

photomicrographs are from 10X images. NNS = naïve, no sex; NS = naïve, sex; ENS = 

experienced, no sex; ES = experienced, sex. Scale bar, 100 µm. 
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Figure 3. Number of FosB/∆FosB immunoreactive neurons in the medial preoptic 

nucleus (MPN) of male rats given varying amounts of sexual experience. NNS = naïve, 

no sex; NS = naïve, sex; ENS = experienced, no sex; ES = experienced, sex. Values are 

expressed as M ± SEM (n= 4-5). *p < 0.01 NS vs. NNS and ENS. 
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Figure 4. Representative western immunoblot of protein concentration for ∆FosB (35-

37kDa) protein in the medial preoptic area (MPOA) and nucleus accumbens (NAc) of 

male rats given varying amounts of sexual experience.  NNS = naïve, no sex; NS = naïve, 

sex; ENS = experienced, no sex; ES = experienced, sex.  Bands below each are for beta-

actin (42kDa).  All samples were loaded with 50µg of protein.   
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Figure 5. Comparison of relative band densities from Western immunoblots of protein 

concentration for ∆FosB in the medial preoptic area (MPOA) of male rats given varying 

amounts of sexual experience. NNS = naïve, no sex; NS = naïve, sex; ENS = 

experienced, no sex; ES = experienced, sex. Values are expressed as M +/- SEM.  
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Figure 6. Comparison of relative band densities from Western immunoblots of protein 

concentration for ∆FosB in the nucleus accumbens (NAc) of male rats given varying 

amounts of sexual experience. NNS = naïve, no sex; NS = naïve, sex; ENS = 

experienced, no sex; ES = experienced, sex. Values are expressed as M +/- SEM. *p < 

0.05. 
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