
Sexually Dimorphic Effects of Prenatally Applied Fluoxetine 
(Prozac) on Behavior and Cognition in Rats

Submitted in partial fulfillment of the requirements for graduation with honors from the 
Department of Natural Sciences at Carroll College, Helena, Montana

Elise Marie Pletnikoff 
April 3, 2006



This thesis for honors recognition has been approved 
for the Department of Natural Sciences by:

.-n z -

z
Jacqueline Brehe Ph.D

Associate Professor 
Department of Natural Sciences

Assistant Professor 
Department of Natural Sciences

Director, Honors Scholars Program 
Chair, Department of Sociology



Ill

Acknowledgements

I would like to thank the director of this research, Dr. Jacqueline Brehe, for her 

leadership. Also, Dr. Geiger and Murphy Fox helped greatly in the editing of the final 

project. Dr. Grant Hokit’s assistance with the statistical analyses of the data found in this 

project and Dr. Gerard Shield’s assistance in proofing during various stages of the 

project’s development have been quite helpful. Finally, without the support of the James 

J. Manion Fund at Carroll College, this project would not have been possible.



Abstract

IV

The safety of prenatally applying fluoxetine (Prozac), one of the antidepressant 

drugs currently most commonly prescribed to pregnant women, has been inadequately 

studied. The goal of this study was to determine gender differences in behavioral and 

cognitive effects in rats prenatally exposed to fluoxetine. Differences were investigated 

across the following four groups: females exposed to fluoxetine, males exposed to 

fluoxetine, females unexposed, males unexposed. Because males are commonly more 

acutely affected by prenatal drug exposure than females, it was hypothesized that 

fluoxetine would more noticeably affect behavior and cognition in prenatally exposed 

males than in females. Cognitive performance of rats that had been prenatally exposed to 

fluoxetine showed no significant differences from rats that had not been prenatally 

exposed to fluoxetine. Rats that had been prenatally exposed to fluoxetine were found, in 

three of seven behavioral tests, to respond differently to the stress of a predator’s scent 

than rats unexposed to fluoxetine. This may indicate heightened awareness to presence of 

danger in rats prenatally exposed to fluoxetine. In this research, male rats prenatally 

exposed to fluoxetine were not found to respond to the presence of a cat towel in the 

same way that female rats prenatally exposed to fluoxetine respond to the presence of a 

cat towel. This pilot study indicates that prenatally applied fluoxetine affects some 

behaviors in rats differentially according to gender.
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Introduction

Although depression during pregnancy affects 13.5% of women , there is inadequate 

information to educate women and their physicians about the safety of using antidepressant 

medication during pregnancy (Wisner et al., 1999). Fluoxetine (Prozac) is among the 

antidepressant drugs currently most commonly prescribed to pregnant women (Nulman et al., 

1997). Although prenatal exposure to fluoxetine has been suggested to contribute to 

premature births, minor irregularities in offspring, and slow prenatal adaptation, no major 

physical irregularities have been found in offspring prenatally exposed to fluoxetine (Wisner 

et al., 1999). It has been difficult to determine behavioral consequences of prenatal exposure 

to fluoxetine in humans because of the differences in mental stability of mothers of examined 

children (Ward & Zamorski, 2002). Fluoxetine has been proven to cross the placental barrier 

(Nulman et al., 1997), but prenatal exposure to fluoxetine does not have teratogenic effects 

on offspring (Ward & Zamorski, 2002).

Adult rats exposed to fluoxetine respond differently to behavioral testing depending 

on gender (Leuner et al., 2004). In cognitive testing, the effects of stress in females exposed 

to fluoxetine were reduced from those of stressed females without fluoxetine exposure 

(Leuner et al., 2004). In the same tests, males exposed to fluoxetine tested equivalently to 

those unexposed to fluoxetine (Leuner et al., 2004). Fluoxetine exposure in adult rats was not 

found to affect cognition in either gender (Leuner et al., 2004). These effects of fluoxetine 

exposure in rats are age and brain-region specific (Cabrera-Vera et al., 1997).

The objective of this study was to determine gender differences in cognition and 

behavioral effects in rats prenatally exposed to fluoxetine. Differences were investigated 

across the following four groups: females prenatally exposed to fluoxetine, males prenatally
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exposed to fluoxetine, females unexposed, males unexposed. Because males are commonly 

more acutely affected by prenatal drug exposure (Sakuma, 2004), it is hypothesized that 

fluoxetine will more noticeably affect behavior in prenatally exposed males than in females. 

Again, because of the more acute effect of prenatal drug exposure in males than females 

(Sakuma, 2004), it is hypothesized that males exposed to fluoxetine will test lower 

cognitively than fluoxetine-exposed females. Because prenatal fluoxetine exposure in rats 

has neural effects (Cabrera-Vera et al., 1997), rats exposed to fluoxetine are expected to test 

cognitively lower than rats not exposed to fluoxetine. Rats prenatally exposed to fluoxetine 

may show behavioral differences from those that have not been exposed to fluoxetine.
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Literature Review

A variety of chemical factors have been shown, when applied prenatally, to affect the 

behavioral development of fetuses. Prenatal exposure in rats to oral methylphenidate (Ritalin) 

decreases exploration in the presence of a predator odor and decreases time of voluntary 

social interaction with an unknown rat of the same species (LeBlanc-Duchin & Taukulis, 

2004). Additionally, prenatal exposure to alcohol in rats results in attention deficits 

(Hausknecht et al., 2005). In some instances, gender determines the degree to which the 

effects are manifested (Vathy et al., 1997).

Male and female fetuses have been shown to respond differently to prenatal stresses, 

including drug exposure. In a study reported by Vathy et al. (1997), there was a difference in 

cortical [3H]nisoxetine binding in the frontal cortex after prenatal morphine exposure. 

Nisoxetine is an inhibitor of noradrenaline uptake into noradrenergic neurons (Cheetham et 

al., 1996). Additionally, sexual differences were observed in tests of cognition, amounts of 

neurotransmitters, and hormonal responses after prenatal stress (Bowman et al., 2004). 

Bowman et al. (2004) reported that when pregnant dams were exposed to stress, their male 

offspring experienced diminished masculinization in many naturally sexually dimorphic 

behaviors, such as sex behavior, partner choice, and pain sensitivity. For a spatial memory 

task in which control male rats performed better than control female rats, male and female 

rats prenatally exposed to stress performed equally (Bowman et al., 2004). These changes are 

linked to the demasculinizing of males prenatally exposed to stress due to interruption of the 

late pregnancy testosterone surge in rats (Bowman et al., 2004).

Attention deficit hyperactivity disorder is correlated with hypofunctioning of 

dopamine sometimes caused by prenatal chemical exposure (Sagvolden & Sergeant, 1998).
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This disorder, which has been identified in some cases as a result of prenatal stresses, is six 

to nine times more diagnosed in males than in females (Jesmin et al., 2004). In rats, the 

brain’s adaptability in response to environmental changes, ranging from injury, 

environmental enrichment, and disruption or removal of gonadal hormones, differs by gender 

(Forgie & Kolb, 1998). The gender differences in the amount that the brain is affected by 

those environmental changes varies depending on task; in some cases there was no gender 

difference in affectation due to environmental stress, but in tests such as the RAM spatial 

memory task, female performances were more affected by frontal cortex lesions than males’ 

performances (Forgie & Kolb, 1998).

Fluoxetine

Fluoxetine (Prozac) is a selective serotonin reuptake inhibitor (SSRI) that is among a 

group of antidepressants used for treating depression and anxiety disorders (Rivas-Vazquez 

& Blais, 1997). It increases the amount of serotonin, a neurotransmitter, by decreasing uptake 

of serotonin by a synapse’s presynaptic cell (Rivas-Vazquez & Blais, 1997). Use of 

fluoxetine may cause impulsiveness, irritability, anxiety, hostility, and aggressiveness in 

some adult patients (Garloch, 2006). Additionally, male and female rats display different 

responses to antidepressant exposure (Leuner et al., 2004). While treatment did not affect 

overall rate of learning in either males or females, fluoxetine exposure did relieve negative 

effects of stress on learning in females but not in males (Leuner et al., 2004).

Fluoxetine and Pregnancy

Studies do not universally agree to the effects of prenatal exposure to fluoxetine. 

Because there is little conclusive evidence as to the effects of prenatal exposure to fluoxetine,

whether or not fluoxetine is prescribed to pregnant woman varies depending on the potential
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risk of the pregnant woman having no fluoxetine treatment (Ward & Zamorski, 2002). 

Fluoxetine crosses the placental barrier and can lead to withdrawal symptoms, including 

increased muscle tone, jitteriness and shivering, irritability, feeding problems, and respiratory 

difficulties (Moses-Kolko et al., 2005). Prenatal fluoxetine exposure has also been associated, 

in 1% of recorded human cases, with persistent pulmonary hypertension and heart defects 

(Nano, 2006). A study of a newborn with fluoxetine toxicity reported central nervous system 

symptoms and an increased heart rate (Spencer, 1993). A study reported by Cohen et al. 

(2000), however, reported no differences between fetuses prenatally exposed and unexposed 

to fluoxetine in birth weight and acute neonatal outcome, but higher occurrence of special 

nursery care in fluoxetine-exposed fetuses. Special nursery care, though, was not correlated 

with any specific problem, but rather with a range of difficulties (Cohen et al., 2000). 

According to Hendrick et al. (2003), fluoxetine use throughout pregnancy is correlated with 

low birth rate but no neonatal complications or congenital anomalies outside of general 

population rates. Guinea pigs exposed prenatally to fluoxetine display increased thresholds 

for thermal pain, a serotonin-modulated behavior (Vartazarmian et al., 2004). Rats prenatally 

exposed to fluoxetine may suffer from regionalized, as opposed to entire-brain, alterations in 

neurons (Cabrera-Vera et al., 1997). Prenatal exposure to fluoxetine reduces density of 5-HT 

(serotonin) neural receptors in the hypothalamus of offspring (Cabrera-Vera et al., 1997).

Other studies, however, have reported no cognitive, speech, or mood effects on 

offspring exposed to fluoxetine throughout gestation (Nulman et al., 2002). Vorhees et al. 

(1994) concluded fluoxetine is not neurotoxic in developing rats after finding that prenatal 

exposure to fluoxetine resulted in no cognitive, locomotor, or passive avoidance differences 

when compared to control groups. Overall, in human populations, determining behavioral
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effects of prenatal antidepressant exposure has been difficult due to potential behavioral 

effects of being raised by a parent receiving antidepressants (Ward & Zamorksi, 2002).

Analysis of behavioral testing methods

The open field test has been used for over 70 years in the examination of animal 

behavior (Hall & Ballachey, 1932). It has been used to analyze differences between rats 

because the open field method minimized experimenters’ influences upon the behaviors of 

studied rats (Hall & Ballachey, 1932). In analyzing behavior of rats in an open field, relative 

stress levels of the rats are measured by number of fecal boli deposited while in the field (Liu 

& Bilkey, 2002). Although there are no firm interpretations as to the meaning of rat 

locomotion in the open field test, it has been suggested that increased locomotion 

corresponds with increased anxiety (Ramos et al., 1997). An initial period of no mobility in 

the open field may be correlated with fear or conflict (Markel et al., 1989). Additionally, 

rearing may be associated with either fear or exploration (Markel et al., 1989).

In behavioral tests of rats, behavioral and neural adaptations due to exposure to 

psychomotor stimulants, such as cocaine and amphetamine, have been assumed to show 

alterations in dopamine pathways, although newer studies have indicated behavioral changes 

in noradrenergic pathways (LeBlanc-Dulchin & Taukulis, 2004). Some of the studies 

conducted to analyze reaction to psychomotor stimulant-induced behavioral adaptations have 

found greater response to threatening situations (LeBlanc-Dulchin & Taukulis, 2004). For 

example, amphetamine-exposed rats avoided exposed arms of a plus maze. This avoidance 

has been correlated with anxiety (LeBlanc-Dulchin & Taukulis, 2004).

Research conducted thus far on the effects of prenatally applied fluoxetine may not be

focused on the subtle behavioral effects the drug may have in offspring. According to
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Cabrera-Vera et al. (1996), few trials have been conducted to study the possible 

neurochemical teratogenic potential of prenatal fluoxetine exposure.
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Materials and Methods

Animals

Four pregnant female Wistar rats were obtained from Simonsen Laboratories, California. 

Animals were in their 11th day of pregnancy when received. The animals were housed, one 

per cage, in a secure laboratory with a 12:12 photoperiod and free access to water and food 

(Mazuri Rodent Chow). They were given access to nesting materials such as cotton, paper 

towels, and pieces of paper and kept at a temperature of 70 ± 5°F.

Treatment

The four female rats were randomly divided into two groups. The two control group rats 

were each injected daily with 0.1 ml saline from their 11th day of pregnancy until they gave 

birth. The two test rats were each injected with 0.1 ml fluoxetine (Prozac) solution containing 

0.4 mg fluoxetine dissolved in deionized water from their 11th day of pregnancy until they 

gave birth.

Offspring

The offspring of the two test rats and two control rats were housed with their mothers 

until they were 21 days old. At this point, all of the rats were weaned. The offspring rats were 

housed four per cage and separated by gender and treatment. They were in a secure 

laboratory with a 12:12 photoperiod and free access to water and food (Mazuri Rodent Chow) 

and kept at a temperature of 70 ± 5°F. In order to acclimate these rats to being handled for 

cognition and behavioral tests, each rat was socialized three times each day for three days, 

then two times each day until the rats reached five weeks of age.
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Cognition Testing

A Morris Water Maze was used for cognition testing. The rats were five weeks and 

two days old when they began the water maze. The maze consisted of a plastic pool, five feet 

in diameter, with a submerged platform near one edge of the pool. The platform was an 

upside-down fish bowl with black wire mesh covering the side of the bowl closest to the 

surface of the water. Various bright visual cues were placed around the area of the room near 

the pool to orient the rats to the whereabouts of the platform. Each rat was placed in the pool 

at a point directly across from the platform. If the rat found the submerged platform within 

two minutes, it was left on the platform for 25 seconds and then put back into its cage. If it 

did not reach the platform within two minutes, the rat was picked up and placed on the 

platform for 25 seconds. If a rat reached the platform in 10 seconds, it was immediately 

removed from the pool and put back into its cage. A rat was considered to reach the platform 

when both front paws touched it. Throughout this test, the researcher stayed in one position 

(near the pool entry site) until the rat reached the platform or had to be placed in the platform. 

Each rat was run in the maze once each day until it reached the platform in less than 10 

seconds for four consecutive days. At this point, it was considered to have learned the maze.

Retention Testing

The Morris Water Maze apparatus was used for retention testing. After the rats had 

all completed the maze in less than 10 seconds for four consecutive days, they were kept out 

of the pool for seven days. On the eighth day, each rat was tested in the Morris Water Maze 

to determine retention for the maze. Each rat was run for four days of retention testing.
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Behavioral Testing

Behavioral testing was conducted with an open field test when the rats reached five 

weeks of age. An open field was constructed with a wooden floor and white walls. The floor 

was 120 x 120 cm and was visually separated into 36 squares, each 20 x 20 cm. The walls 

were 10 inches tall. In order to record the results of the test without the presence of an 

experimenter, a video camera apparatus was set up above the open field. Each rat was 

individually placed into the open field and left alone for five minutes. The rat was then 

removed and placed in a holding cage while a towel that smelled of cat was placed in a

comer of the field. The rat was returned to the field for an additional five minutes, and then

put back into a holding cage, after which the towel was removed and the space where the 

towel had been was deodorized. The rat was placed in the field for a final five minutes. Each 

time a rat was placed in the field, it was placed in the same square, facing the field’s wall. 

After each time period, fecal boli were counted and removed from the open field. Video 

tapes of the rats in the open field were examined for number of wall-supported rears, number 

of rears away from a wall, number and duration of groomings, time off of initial square, 

return to initial square after leaving, and stopping in a square other than the initial square for 

greater than 30 seconds.

Statistical Analysis

Analysis of data was conducted using the ANOVA statistical testing program.

Excel was used to graph data.
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Results

Cognition Testing

A cognition test was conducted on each offspring rat. Cognition was evaluated using 

a Morris Water Maze with the goal of assessing differences in cognition across any of the 

four groups. Cognitive tests showed no significant differences in average learning times 

across any of the following four groups: female exposed to fluoxetine, male exposed to 

fluoxetine, female unexposed, male unexposed (Figure 1). Each rat learned the maze in 23 or

fewer days.

Retention Testing

Retention testing was also conducted on each offspring rat. Retention was evaluated 

using a Morris Water Maze with the goal of assessing differences in retention of the maze 

learned in the cognition test across any of the four groups. No significant differences in

average retention times across any of the four groups were observed (Figure 2). Each rat was 

able to complete the maze within two days.

Behavioral Testing

Behavioral testing conducted in an open field was used to determine any behavioral 

differences between groups. The four groups were all tested for average numbers of the 

following: fecal boli, wall-supported rears, unsupported rears, total number of squares 

crossed, number of groomings, grooming episode duration, and time off of first square. For 

P-values associated with statistical differences between groups and between groups over time 

for all behavioral testing results, see Table 1. P-values <0.05 were considered to be

statistically significant. Bars on graphs represent standard error.
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Average Number of Squares Crossed

A significant difference was found in the open field test observation of average 

number of squares crossed (Figure 3). The statistical difference was found across the 

treatment groups but there were no statistical differences between the groups across time. In 

the second time period, females prenatally exposed to fluoxetine crossed a statistically 

significantly greater number of squares than females unexposed to fluoxetine or either group

of males.

Time off First Square

A significant difference was found in the open field test observation of the average 

amount of time it took rats to leave the first square they were placed in within the open field 

(Figure 4). The statistical difference was found across the treatment groups and between the 

groups across time. While males unexposed to fluoxetine and both female groups nearly 

immediately left the open field’s starting square after being placed into the field both in the 

first and the second time periods, males exposed to fluoxetine left the first squares relatively 

quickly in the first time trial but stayed on the starting square significantly longer than any 

other of the three test groups in the second time period.

Average Number of Fecal Boli

No significant differences were found across any of the four groups in any of the 

three time periods in average defecation while in the open field (Figure 5).

Average Number of Wall-Supported Rears

No significant differences were found across any of the four groups in any of the 

three time periods in average number of wall-supported rears while in the open field (Figure

6).
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Average Number of Unsupported Rears

No significant differences were found across any of the four groups in any of the 

three time periods in average number of unsupported rears while in the open field (Figure 7). 

Number of Grooming Episodes

No significant differences were found across any of the four groups in any of the 

three time periods in average number of grooming episodes while in the open field (Figure

8).

Duration of Grooming Episodes

No significant differences were found across any of the four groups in any of the 

three time periods in average duration of grooming episodes while in the open field (Figure 

9).
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Figure 1. Average performance of rats in each of the four test groups in the water maze test 
for cognition. No significant differences were found across any of the four groups. Male 
Fluoxetine: n = 11; Male Saline: n = 6; Female Fluoxetine: n = 4; Female Saline: n = 8. P- 
value for significant differences between groups = 0.0979. P-value for significant differences 
between groups across time = 0.999.
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Water Maze Retention Test

—•—Male Fluoxetine 
■ Male Saline

—A—Female Fluoxetine 
x Female Saline

Figure 2. Average performance of rats in each of the four test groups in the water maze 
retention test. No significant differences were found across any of the four groups. Male 
Fluoxetine: n = 11; Male Saline: n = 6; Female Fluoxetine: n = 4; Female Saline: n = 8. P- 
value for significant differences between groups = 0.0937. P-value for significant differences 
between groups across time = 0.139.
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Total Squares Crossed

Time Period

□ Male Fluoxetine

□ Male Saline

□ Female Fluoxetine

□ Female Saline

Figure 3. Open Field Test: Differences in average number of squares crossed across four test 
groups over three time periods. Significant differences were found (Table 1). Male 
Fluoxetine: n = 11; Male Saline: n = 6; Female Fluoxetine: n = 4; Female Saline: n = 8. Error 
bars represent standard error.
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Time off First Square

□ Male Fluoxetine

□ Male Saline

□ Female Fluoxetine

□ Female Saline

Time Period

Figure 4. Open Field Test: Differences in average time off first square across four test groups 
over three time periods. Significant differences were found (Table 1). Time Period 1 = Initial 
5 minutes; Time Period 2 = 5 minutes with cat towel; Time Period 3 = Final 5 minutes. Male 
Fluoxetine: n = 11; Male Saline: n = 6; Female Fluoxetine: n = 4; Female Saline: n = 8. Error 
bars represent standard error.
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# Fecal Boli

Time Period

□ Male Fluoxetine 

a Male Saline

B Female Fluoxetine

□ Female Saline

Figure 5. Open Field Test: Differences in number of fecal boli deposited across four test 
groups over three time periods. No significant differences were found across any of the four 
groups. Time Period 1 = Initial 5 minutes; Time Period 2 = 5 minutes with cat towel; Time 
Period 3 = Final 5 minutes. Male Fluoxetine: n = 11; Male Saline: n = 6; Female Fluoxetine: 
n = 4; Female Saline: n = 8. Error bars represent standard error.
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Average # Wall-Supported Rears

Figure 6. Open Field Test: Differences in average number of wall-supported rears across four
test groups over three time periods. No significant differences were found across any of the
four groups. Time Period 1 = Initial 5 minutes; Time Period 2 = 5 minutes with cat towel;
Time Period 3 = Final 5 minutes. Male Fluoxetine: n = 11; Male Saline: n = 6; Female
Fluoxetine: n = 4; Female Saline: n = 8. Error bars represent standard error.
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Figure 7. Open Field Test: Differences in average number of unsupported rears across four
test groups over three time periods. No significant differences were found across any of the
four groups. Time Period 1 = Initial 5 minutes; Time Period 2 = 5 minutes with cat towel;
Time Period 3 = Final 5 minutes. Male Fluoxetine: n = 11; Male Saline: n = 6; Female
Fluoxetine: n = 4; Female Saline: n = 8. Error bars represent standard error.
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Number of Grooming Episodes

Time Period

□ Male Fluoxetine 

■ Male Saline 

a Female Fluoxetine 

a Female Saline

Figure 8. Open Field Test: Differences in average number of grooming episodes across four
test groups over three time periods. No significant differences were found across any of the
four groups. Time Period 1 = Initial 5 minutes; Time Period 2 = 5 minutes with cat towel;
Time Period 3 = Final 5 minutes. Male Fluoxetine: n = 11; Male Saline: n = 6; Female
Fluoxetine: n = 4; Female Saline: n = 8. Error bars represent standard error.
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Figure 9. Open Field Test: Differences in average duration of grooming episodes across four
test groups over three time periods. No significant differences were found across any of the
four groups. Time Period 1 = Initial 5 minutes; Time Period 2 = 5 minutes with cat towel;
Time Period 3 = Final 5 minutes. Male Fluoxetine: n = 11; Male Saline: n = 6; Female
Fluoxetine: n = 4; Female Saline: n = 8. Error bars represent standard error.
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Table 1. P-Values for significant differences between test groups for the seven behaviors observed in the open field test. P- 
Values <0.05 were held to be statistically significant. Statistically significant results are italicized.

Behavior P-values: differences 
between groups

P-values: differences 
between groups 
across time

# Fecal Boli 0.430 0.229
# W-S Rears 0.119 0.851
# Rears 0.701 0.917
# Squares 0.00364 0.596
# Groomings 0.224 0.0794
Duration of Grooms 0.308 0.186
Start Time 0.00362 0.0384

Table 2. Means, standard deviation, and standard errors for each time trial of each behavior observed in the open field tests.

Group Behavior Time Period 1 Time Period 2 Time Period 3
Mean Standard

Deviation
Standard

Error
Mean Standard

Deviation
Standard

Error
Mean Standard

Deviation
Standard

Error
Male
Fluox.

# Fecal
Boli

0.18 0.60 0.182 0.55 0.820 0.247 0.64 1.03 0.310

#W-S
Rears

5.55 3.35 1.01 0.82 1.94 5.85 2.00 3.66 1.10

# Rears 1.36 1.61 0.484 0.36 1.21 0.364 0.55 1.04 0.312
H Squares 71.09 25.69 7.75 10.91 22.9 6.91 18.27 31.59 9.53
HGrooms 1.18 1.16 0.351 1.00 0.632 0.191 0.73 0.905 0.273
Duration
Grooms

9.87 1.88 0.566 9.4 9.73 2.93 7.51 51.42 15.5

Start Time 31.07 89.20 26.9 192.11 149.7 45.1 227.12 127.24 38.36

Male
Saline

H Fecal
Boli

0.33 0.82 0.333 1.00 1.55 0.633 1.17 0.186 0.0760

HW-S
Rears

6.00 1.78 0.730 1.50 1.36 0.555 2.50 4.46 1.82

it Rears 0.67 1.07 0.430 0.00 0.00 0.000 0.17 0.186 0.0760
# Squares 87.67 38.8 15.8 30.17 9.30 3.80 33.0 41.4 16.9
HGrooms 1.67 0.817 0.333 1.17 1.60 0.654 1.83 1.17 0.477
Duration
Grooms

7.16 3.51 1.44 9.13 14.28 5.83 14.48 13.12 5.35

Start Time 6.67 3.38 1.38 3.93 2.61 1.06 168.42 163.4 66.7

Female
Fluox.

it Fecal
Boli

0.25 0.5 0.250 2.5 1.73 0.866 0.50 1 0.50

a w-s
Rears

6.25 3.09 1.55 0.50 1.00 0.500 0.50 0.577 0.289

it Rears 1.75 2.36 1.18 0.00 0.00 0.000 0.25 0.50 0.250
it Squares 58.25 38.04 19.0 34.25 31.02 15.5 3.75 2.50 1.25
HGrooms 1.25 0.5 0.25 0.75 0.5 0.25 3.25 4.03 2.02
Duration
Grooms

10.21 3.81 1.90 12.33 10.70 5.35 20.3 19.5 9.74

Start Time 7.62 11.0 5.51 4.21 1.49 0.748 113.9 141.7 70.86

Female
Saline

# Fecal
Boli

0.25 0.935 0.331 0.88 1.04 0.370 1.13 1.81 0.639

it W-S
Rears

8.00 3.02 1.07 4.13 2.70 0.953 3.5 3.30 1.16

# Rears 1.13 1.42 0.502 0.50 0.756 0.267 1.00 2.83 1.00
HSquares 113 30.6 10.8 66.88 42.9 15.2 44.38 33.5 11.8
HGrooms 1.25 1.07 0.379 2.63 2.39 0.844 1.63 1.19 0.420
Duration
Grooms

6.24 5.19 1.83 12.70 8.77 3.10 24.47 20.8 7.37

Start Time 4.10 1.95 0.689 43.8 104 36.8 34.64 87.09 30.79
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Discussion

The results of this study found no effects from prenatal fluoxetine exposure across 

groups in either cognition or retention testing. My hypothesis that rats exposed to fluoxetine 

were expected to test cognitively lower than rats not prenatally exposed to fluoxetine was not 

supported. As there were no effects in cognition (Figure 1) or retention (Figure 2) between 

groups, neither males nor females exposed to fluoxetine were more acutely affected than the 

other gender. These findings are consistent with results reported by Leuner et al. (2004).

My research found significant results in behavioral differences across groups. While 

there were no differences in behavioral activities in numbers of fecal boli (Figure 5), wall- 

supported rears (Figure 6), rears (Figure 7), groomings (Figure 8), and average grooming 

duration (Figure 9), statistically significant results were found for total number of squares 

crossed (Figure 3) and start time (Figure 4). Control female rats, those that had been 

prenatally exposed to saline, crossed more squares than rats from any other group. This may 

suggest that prenatal exposure to fluoxetine decreases amount of movement when exposed to 

a predator scent in female rats. It has been suggested that increased locomotion corresponds 

with increased anxiety (Ramos et al. 1997). Therefore, the decrease of movement in 

fluoxetine exposed female rats in comparison with saline exposed female rats may suggest 

that prenatal fluoxetine exposure decreased anxiety while exposed to the presence of a 

predator scent in female rats.

Male rats that had been prenatally exposed to fluoxetine were found to take longer to 

leave the first square they were placed into while in the open field during exposure to the cat 

scented towel in the second time period than any of the three other groups. The male 

fluoxetine-exposed rats were found to differ from the other groups in start time both by



25

treatment and across time. This may suggest that prenatal exposure to fluoxetine heightens 

male rats’ sensitivity to predatory olfactory cues. An initial period of no mobility in the open 

field may be correlated with fear or conflict (Markel et al. 1989). These results may suggest 

that male rats prenatally exposed to fluoxetine were more fearful of the predator scent than

male rats unexposed to fluoxetine.

My study found that fluoxetine did exhibit gender specific effects. In the two 

statistically significant behavioral tests, males exposed to fluoxetine were behaviorally

separated from their control counterparts in one behavioral test while females exposed to 

fluoxetine were behaviorally separated from their control counterparts in a different study. In 

the behavioral test of total number of squares crossed, females exposed to fluoxetine moved 

less than their control counterparts when in the presence of a predator’s scent. In the test of 

time off starting square, males exposed to fluoxetine stayed on the starting square longer than 

their control counterparts.

The second part of the hypothesis concerning behavioral results of prenatal exposure 

to fluoxetine, that rats prenatally exposed to fluoxetine would show behavioral differences 

from those that had not been exposed to fluoxetine, was found to be true in two of seven 

cases, time of starting square and total number of squares crossed. There were behavioral 

differences associated with prenatal fluoxetine exposure, therefore, this aspect of the 

hypothesis was supported.

Because little research had previously been done to study the effects of prenatal 

fluoxetine exposure, particularly on behavior, this research was conducted as a pilot study to 

determine whether or not prenatal fluoxetine exposure affects development and whether any 

effects may differ by gender. According to the results of this study, prenatal fluoxetine
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exposure does have a statistically significant effect upon offspring behavior. This effect was 

found to vary by gender.

Future research should study possible behavioral effects of prenatal fluoxetine 

exposure in rats with larger, more reliable sample sizes than those used in this study. In 

addition to repeating these behavioral tests with larger sample sizes, future research should 

use a t-maze anxiety test to study differences in anxiety across groups. If future research is to 

find significant differences between behavior of those rats that have and have not been 

prenatally exposed to fluoxetine, those findings should be applied to human populations in an 

effort to minimalize behavioral problems that may result from humans being prenatally 

exposed to drugs. This would be particularly useful to today’s society because of the 

prevalence of fluoxetine (Prozac) use among pregnant women.
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