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Steroid hormones, progesterone and estradiol, may influence approach and/or anxiety behavior.
Female rats in behavioral estrous, have elevated levels of these steroid hormones and demonstrate more
approach and less anxiety behavior than do diestrous rats. Ovariectomy obviates these cyclic variations and
systemic progesterone and/or estrogen replacement can enhance approach and anti-anxiety behavior.
However, the role of progesterone and/or estrogen in mediating impulsive, avoidant and/or fear behaviors
requires further investigation. We hypothesized that if progesterone and/or estrogen influences impulsivity
and/or fear then rats in behavioral estrous would demonstrate less impulsive behavior in a burying task and
freezing behavior in a conditioned fear task than will diestrous rats. Ovariectomized rats administered
progesterone and/or estrogen would show less impulsive burying and freezing behaviors than will vehicle-
administered rats. Experiment 1: Naturally cycling rats were tested in marble burying or conditioned fear
when they were in behavioral estrous or diestrous. Experiment 2: Ovariectomized rats were administered
progesterone, estrogen or vehicle, then tested in marble burying or conditioned fear. Results of Experiment 1
show rats in behavioral estrous demonstrate less impulsive burying and less freezing behavior than diestrous
rats. Results of Experiment 2 show administration of progesterone or both estrogen and progesterone
decreases impulsive burying and each decrease freezing behavior compared to vehicle. Thus, progesterone
and/or estrogen may mediate impulsive and/or avoidant behavior.
Published by Elsevier Inc.
1. Introduction
Cyclical changes in estrogen and progestin levels may influence the
integration of stimuli in the environment. Levels of estrogen and
progestogens change over the estrous cycle, such that levels are high
when female rodents are in behavioral estrous, and low when in
diestrous. These hormonal changes can be associated with behavioral
alterations, particularly approach, anxiety and cognitive behaviors.
When rats are in behavioral estrous, approach behaviors are high
while anxiety behavior is low, compared to diestrous and intact male
rats (Frye et al., 2000). High progesterone levels during the luteal
phase are positively correlated with motor coordination and improve-
ment on visual, perceptual and verbal memory (Berman et al., 1997;
Broverman et al., 1981; Hampson and Kimura, 1988; Hampson, 1990;
Phillips and Sherwin,1992). Progesterone improves attention, implicit
memory and performance on frontal lobe tasks when levels are high
(Maki et al., 2002; Solis-Ortiz et al., 2004). Rats in behavioral estrous
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demonstrate improved cognition in object recognition and object
placement tasks (Frye et al., 2007; Walf et al., 2006). When
endogenous hormone sources are removed by ovariectomy, estrogen
and progestin levels are reduced and the cyclic increases in estrogen
and progesterone are no longer observed (Walf et al., 2006).
Administration of estrogen and/or progesterone can reinstate
hormonal levels to those observed in behavioral estrous and can
influence the expression of approach and avoidance behavior (Walf
et al., 2006).

When rodents are ovariectomized, approach behaviors toward
novelty are decreased, and anxiety is increased compared to that of
rats in behavioral estrous (Frye et al., 2000; Frye andWalf, 2004; Walf
et al., 2006). The increase in anxiety behaviors observed in
ovariectomized rats also may be due to decline in estrogen and/or
progestogens. Administration of estrogen and/or progesterone
increases approach toward novel stimuli and decreases fear behaviors
compared to vehicle (Frye and Walf, 2004; Walf et al., 2006).
Furthermore, administration of estrogen and/or progesterone to
ovariectomized rats decreases anxiety behaviors in the open field
and elevated plus maze tasks (Frye andWalf, 2004). Administration of
progesterone to ovariectomized rats post-training increases object
memory (Frye and Lacey, 2000). However, administration of high, but
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not physiological, dosages of progesterone attenuates estrogen's ef-
fects to improve spatial memory consolidation, suggesting physiolo-
gical levels of progesterone do not counter estrogen's mediation of
learning and memory (Harburger et al., 2007). These results
demonstrate that motivated behaviors, such as willingness to
approach novel stimuli and/or explore novel environments, occur
with physiological levels of progesterone and/or estrogen. However, it
is important to examine not only effects of steroid hormones on
mediating positive pro-approach and anti-anxiety behaviors, but also
negative avoidant and/or impulsive behaviors.

Impulsive burying and freezing behaviors in response to aversive
stimuli may represent attempts to avoid novel and/or aversive stimuli.
These behaviors can be assessed utilizing the marble burying and
conditioned fear tasks, respectively. For example, Wistar rats in
proestrus and ovariectomized rats bury fewer marbles when exposed
to red light andwhite noise than those inmetestrus do (Schneider and
Popik, 2007). These findings suggest that steroids may influence the
expression of burying behavior. Ovariectomized rats administered
systemic progesterone and/or estrogen spend less time freezing after
they touch a shock-associated prod compared to vehicle-administered
controls (Frye and Walf, 2004). Effects of progesterone in the
conditioned fear paradigm can be utilized to assess avoidant behaviors
related to contextual aversive stimuli. Progesterone and/or estrogen's
ability to mediate freezing behaviors of female rats in response to re-
exposure to stimuli associated with aversive stimuli, such as a tone
associated with a shock in the conditioned fear paradigm, has not
been systematically investigated. Because steroid hormones have
been implicated in mediating sex differences in affective processes, it
is important to elucidate their effects on avoidance of aversive stimuli.
Thus, we conducted experiments to examine the mediating effects of
progesterone and/or estrogen on impulsive and avoidant behaviors of
intact and ovariectomized rats.

Experiments tested the hypothesis that physiological levels of
progesterone and/or estrogen will mediate impulsive burying
behavior in the marble burying task and avoidance behavior in the
conditioned fear paradigm. It was predicted that during behavioral
estrous, when progestogen and estrogen levels are elevated, impulsive
burying behavior and fear-related freezing behavior would be less
than that observed among diestrous rats. As well, similar effects were
expected when progesterone and/or estrogen were systemically
administered to ovariectomized rats, compared to rats administered
vehicle.

2. Methods

Animal care was in accordance with the Guide for the Care and
Uses of Laboratory Animals (National Institute of Health, publication
865-23, Bethesda, MD). These experiments were approved by the
Institutional Animal Care and Use Committee.

2.1. Animals and housing

Adult, female Long–Evans rats ~50 days old and between 150 and
200 g were used (n=88) from our breeding colony at SUNY-Albany
(original stock from Taconic Farms, Germantown, NY). Rats were
group housed (3–5 per cage) throughout the study in polycarbonate
cages (45×24×21 cm) in a temperature-controlled room (21±1 °C)
in the Laboratory Animal Care Facility. The rats were on a 12/12 h
reversed light cycle (lights off at 8:00 am) and had ad libitum access to
food and tap water in their home cages.

2.2. Hormone condition

2.2.1. Surgery
Rats were anesthetized with xylazine (12 mg/kg; Bayer Corp.,

Shawnee Mission, KS) and ketamine (60 mg/kg; Fort Dodge Animal
Health, Fort Dodge, IA). Ventral incisions were made between the ribs
and hip, so that the ovaries could be isolated. Some rats had the ovaries
ligated and removed,whereas others thatwere to remain intact, neither
had theovaries ligated, nor removed.After a 1week recoveryperiod, rats
were behaviorally tested in the tasks described below.

2.2.2. Evaluation of estrous cycle phase
Rats that were sham ovariectomized had vaginal epithelium

collected daily by lavage between 0800 and 1000 h. Rats that had
vaginal cytology characterized by nucleated cells, and that exhibited a
pronounced lordosis posture in response to sexually-relevant stimuli
(palpation) were considered in behavioral estrous. Diestrous rats had
heterogeneous cell types in their vaginal epithelium, were not
sexually-responsive to palpation, and had been in behavioral estrous
two days prior (Long and Evans, 1922).

2.2.3. Hormone administration
Rats that were ovariectomized (ovx) were administered proges-

terone (P4; 4 mg/kg, SC), 17β-estradiol (E2; 10 µg) or sesame oil
vehicle (0.2 cm3). Results of a dose–response curve study, in which
ovx rats were administered vehicle or E2 (2, 5, 10, 20, and 50 µg/
0.2 cm) 44–48 h before behavioral testing demonstrated that 5–10 µg
E2 produces proestrous-like circulating E2 levels when rats were
tested (Walf and Frye, 2005). Within 1 h (and sustained for up to 6 h),
this P4 regimen produces circulating and central progestogen levels
within the range that typically occurs during behavioral estrous.
Within 24 h of administration of this progesterone regimen, plasma
levels reach nadir (Frye and Lacey 2000; Frye et al., 2007).

2.3. Procedure

In Experiment 1, effects of estrous cycle (diestrous vs. behavioral
estrous) on marble burying behavior (n=10/group) and conditioned
fear behavior (n=12/group) were evaluated in intact rats. In
Experiment 2, effects of P4 and/or E2 administration on marble
burying (n=12/group) and conditioned fear (n=10/group) behav-
iors were assessed in ovx rats. E2, or vehicle, was administered to ovx
rats 44–48 h prior to testing and training. P4, or vehicle, was
administered to ovx rats 3 h before behavioral testing in marble
burying or immediately after training in the conditioned fear task.
Rats were randomly-assigned to experiments, endogenous and/or
exogenous hormone conditions.

2.4. Behavioral testing

One week prior to behavioral testing, rats were handled daily and
habituated to different novel environments for 5–10 min. Rats were
tested either in marble burying or conditioned fear. During behavioral
testing, rats were singly housed, with neither access to food nor water
for up to 6 h, during which time their temporary cages were in a
darkened, quiet environment. At the beginning of each task, rats were
habituated to the apparatus for 5 to 10 min. All data was collected by
an observer and/or with a video-tracking system (Any-Maze,
Stoelting, Wood Dale, IL), which were 95% concordant.

2.4.1. Marble burying
Impulsivebehaviorswere assessedperpreviousmethods (Schneider

and Popik, 2007) with amarble burying task inwhich repetitive marble
burying was observed. Rats were taken from their home cages and
placed individually in a polypropylene, experimental cage
(45×24×21 cm), that neither contained food nor water. Nine clear
glass marbles (1.5-cm diameter) were evenly spaced in two lines along
the short wall of the cage. Marbles were placed on top of 5-cm-deep
wood chip bedding (Betachip, Charles River). Time spent actively
burying and the number of marbles that were buried, defined as
completely covered, was recorded for 10 min.



Fig. 1. Top panel indicates that intact rats in behavioral estrous (n=10; pro) and
ovariectomized rats (n=12) administered progesterone (P4) spend less time burying
than diestrous (di) or vehicle rats, respectively. Bottom panel depicts mean
progesterone levels are higher in the cortex of rats in proestrous and those administered
progesterone and/or estradiol. ⁎Indicates pb0.05.
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2.4.2. Conditioned fear paradigm
This task was utilized per previous methods (Edinger et al., 2004;

Sanders et al., 2003).

2.4.2.1. Training/aquisition. Prior to training/acquisition, ovx rats
received a subcutaneous injection of E2 or vehicle. Rats were allowed a
5 min habituation period to the apparatus. A 10-second tone was
administered, with a shock (0.5 mA) delivered during the last 2 s of
the tone. Immediately following discontinuation of shock, a 1-min
inter-trial interval began. This sequence was repeated twice more, for
a total of 3 acquisition trials. All ovx rats received subcutaneous
injection of P4 or vehicle immediately following the 3 acquisition
trials. Flinch and jump responses to shock were recorded for all rats
(Edinger et al., 2004).

2.4.2.2. Testing/extinction test. Rats were tested for extinction 4 h
following training to allow ample time for progestogen levels to rise
following injection. A habituation period of 5 min to the apparatus
was allowed again. A 10-second tone was administered (without
shock), followed by a 1-min inter-trial interval. This sequence was
repeated twice more. Freezing duration (in seconds) was calculated
during each 10-second tone. Mean freezing was calculated across
trials.

2.5. Radioimmunoassay for steroid hormones

E2, P4, and 3α,5α-THP concentrations were measured as described
below, using previously reportedmethods (Frye and Bayon,1999; Frye
et al., 1996).

2.5.1. Radioactive probes
[3H] E2 (NET-317: specific activity=51.3 Ci/mmol), P4 (NET-208:

specific activity=47.5 Ci/mmol), and 3α,5α-THP (NET-1047: specific
activity=65.0 Ci/mmol), were purchased from Perkin-Elmer (Boston,
MA).

2.5.2. Extraction of steroids from serum
E2, P4, and 3α,5α-THP were extracted from serum with ether

following incubation with water and 800 cpms of 3H steroid (Frye and
Bayon 1999). After snap-freezing twice, test tubes containing steroid and
ether were evaporated to dryness in a Savant. Dried down tubes were
reconstituted with phosphate assay buffer to the original serum volume.

2.5.3. Extraction of steroid from brain tissues
E2, P4, and 3α,5α-THP were extracted from brain tissues following

homogenizationwith a glass/glass homogenizer in 50%MeOH,1% acetic
acid. Tissues were centrifuged at 3000 ×g and the supernatant was
chromatographed on Sepak-cartridges equilibrated with 50% MeOH:1%
acetic acid. Steroids were eluted with increasing concentrations of
MeOH (50% MeOH followed by 100% MeOH). Solvents were removed
using a speed drier. Samples were reconstituted in 300 µl assay buffer.

2.5.4. Set-up and incubation of radioimmunoassay
The range of the standard curves was 0–1000 pg for E2, and 0–

8000 pg for P4, and 3α,5α-THP. Standards were added to assay buffer
followed by addition of the appropriate antibody (described below)
and 3H steroid. Total assay volumes were 800 µl for E2 and P4 and
1250 µl for 3α,5α-THP. All assays were incubated overnight at 4 °C.

2.5.5. Antibodies
The E2 antibody (E#244, Dr. G.D. Niswender, Colorado State

University, Fort Collins, CO) was used in a 1:40,000 dilution, which
generally binds between 40% and 60% of [3H] E2 (Frye and Bayon, 1999)
and bound 48% in the present study. This E2 antibody has negligible
(b1%) cross-reactivity with other steroid hormones including, esterone,
17α-estradiol, P4, 17-hydroxyprogesterone (Frye et al., 2000). The P4
antibody (P#337 from Dr. G.D. Niswender, Colorado State University),
used in a 1:30,000 dilution, typically binds between 30% and 50% of [3H]
P4 (Frye and Bayon, 1999), and bound 43% in the present study. The P4
antibody has very low levels (b4%) of cross-reactivity with DHP and
3α,5α-THP (Frye et al., 1996). The 3α,5α-THP antibody (#921412-5,
purchased from Dr. Robert Purdy, Veterans Medical Affairs, La Jolla, CA),
were used in a 1:5000 dilution, typically bind between 40% and 60% of
[3H] 3α,5α-THP (Frye and Bayon, 1999), and bound 51% in the present
study. The 3α,5α-THP antibody cross-reacts with 3α-hydroxypregn-
4en-20-one (84%) and DHP (11%) and its β isomer (7%), P4 (6%), and
pregnenolone (b2%) (Purdy et al., 1990; Finn and Gee, 1994).

2.5.6. Termination of binding
Separation of bound and free steroid was accomplished by the

rapid addition of dextran-coated charcoal. Following incubation with
charcoal, samples were centrifuged at 3000 ×g and the supernatant
was pipetted into a glass scintillation vial with 5 ml scintillation
cocktail. Sample tube concentrations were calculated using the logit–
log method of Rodbard and Hutt (Rodbard and Hutt, 1974),
interpolation of the standards, and correction for recovery with
Assay Zap. The inter- and intra-assay reliability coefficients were: E2
0.09 and 0.10, P4 0.12 and 0.13, and 3α,5α-THP 0.13 and 0.15.
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2.6. Statistical analyses

One-way analyses of variance (ANOVAs) were used to examine
effects of hormone condition, which in Experiment 1 compared
behavioral responses of rats in behavioral estrous and diestrous, and
in Experiment 2 evaluated behavioral effects of P4, E2 or vehicle
administration to ovx rats. The alpha level for statistical significance
was Pb0.05.

3. Results

3.1. Experiment 1a: rats in behavioral estrous exhibit less burying than
do diestrous rats

There was a main effect of estrous cycle phase on duration of time
spent burying marbles [F(1,18)=5.77, Pb0.01]. As Fig. 1 (top left)
shows, rats in behavioral estrous spent significantly less time burying
marbles than did diestrous rats. Diestrous rats buried on average 1.5
marbles (SEM=0.7) in 10 min, whereas rats in behavioral estrous
buried on average 1.2 marbles (SEM=0.5) in the same time.

Rats in behavioral estrous had significantly higher P4 and E2 levels
in cortex compared to diestrous rats [(Fig. 1) P4: F(1,16)=16.41,
Fig. 2. Top panel shows that intact rats in behavioral estrous (n=12) and
ovariectomized rats (n=10) administered progesterone show less freezing than
diestrous or vehicle rats, respectively. Bottom panel depicts that 3α,5α-THP levels are
higher in the hippocampus of rats in behavioral estrous (pro) and those administered
estradiol and progesterone. ⁎Indicates pb0.05.
Pb0.01; E2: F(1,16)=30.94, Pb0.01]. Plasma E2, P4 and 3α,5α-THP
levels were higher in rats in behavioral estrous compared to diestrous
[E2:F(1,16)=3.45, Pb0.10; P4:F(1,16)=3.13, Pb0.10; 3α,5α-THP:
F(1,16)=17.93, Pb0.01].

3.2. Experiment 1b: rats in behavioral estrous spent less time freezing
than did diestrous rats

Estrous cycle phase influenced duration of time spent freezing
[F(1,45)=6.68, Pb0.01]. As Fig. 2 (top left) shows, rats in behav-
ioral estrous spent significantly less time freezing than did
diestrous rats. There was no significant effect of estrous phase on
the flinch nor jump thresholds.

Rats in behavioral estrous had significantly higher 3α,5α-THP
levels in hippocampus compared to diestrous rats [(Fig. 2) F(1,16)=
47.75, Pb0.01]. Furthermore, rats in behavioral estrous had elevated
levels of E2 in hippocampus compared to diestrous rats.

3.3. Experiment 2a: rats administered progesterone and estrogen spend
less time burying than do rats administered vehicle

As Fig. 1 (top right) shows, ovariectomized rats administered P4 or
E2+P4 spent significantly less time burying marbles than did
ovariectomized rats administered vehicle [F(3,40)=2.23, PN0.05].
Administration of E2 did not improve burying behavior compared to
vehicle. Rats administered P4, E2 or both had a significant increase in
P4 levels in cortex compared to rats administered vehicle [F(3,36)=
5.63, Pb0.01].

3.4. Experiment 2b: rats administered progesterone and/or estrogen
showed less time freezing than did rats administered vehicle

P4 influenced duration of time spent freezing [F(3,42)=2.83,
Pb0.05]. As Fig. 2 (top right) shows, rats administered P4 and/or E2
spent significantly less time freezing than did rats administered vehicle.
There was no effect of P4 or E2 on the flinch nor jump thresholds.

Ovx rats administered E2+P4 had higher levels of 3α,5α-THP
in hippocampus [F(3,36)=4.23, Pb0.01], and rats administered P4 or
E2+P4 had higher levels of P4 and 3α,5α-THP in plasma compared
to rats administered vehicle [P4: F(3,36)=65.48, Pb0.01; 3α,5α-
THP: F(3,36)=7.70, Pb0.01]. Rats administered E2 or E2+P4 had
higher levels of E2 in hippocampus as well [F(3,36)=2.91, Pb0.05].

4. Discussion

Results of the present study supported our hypothesis that estrous
cycle and P4 and/or E2 administration to ovx rats would influence
impulsivity and freezing behavior. Rats in behavioral estrous spent
significantly less time burying marbles than did diestrous rats. As well,
rats in behavioral estrous spent less time freezing when in a contextual
situation associated with shock than did diestrous rats. Rats in
behavioral estrous had elevated P4, E2 and 3α,5α-THP levels in plasma,
and higher P4 and E2 levels in cortex, compared to diestrous rats.
Furthermore, rats in behavioral estrous had elevated 3α,5α-THP and E2
levels in hippocampus compared to diestrous rats. Ovx rats adminis-
tered P4 or E2+P4 spent less time burying marbles than did rats
administeredvehicle or E2. Aswell, P4 administrationdecreased freezing
when there was contextual associationwith a shock. Rats administered
P4, E2 or bothhad a significant increase in P4 levels in cortex compared to
rats administered vehicle. As well, rats administered E2+P4 had higher
levels of 3α,5α-THP in hippocampus and rats administered P4 or E2+P4
had higher levels of P4 and 3α,5α-THP in plasma compared to rats
administered vehicle. Rats administered E2 or E2+P4 had higher levels
of E2 in hippocampus as well. There were behavioral differences during
diestrous andbehavioral estrous,whenE2 andP4 levels are lowandhigh,
respectively.Moreover, administration of P4 to ovx rats produced similar
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patterns of behavior, as was observed in rats in behavioral estrous. This
implies that progestogens and/or estrogens may be important hormo-
nal factors that contribute to marble burying, an index of impulsivity,
and freezing, a measure of conditioned fear behaviors.

Our findings confirm and extend previous observations regarding
endogenous and exogenous effects of progestogens and/or estrogens
on impulsive burying in this model. Previous findings demonstrate
Wistar rats in proestrus buried fewer marbles (~2.7 marbles) than did
those inmetestrus (~3.5marbles), and ovx rats demonstrated burying
behavior (~2.6 marbles) similar to proestrous rats (Schneider and
Popik, 2007). Our findings extend this work to demonstrate the
sensitivity of other measures in the marble burying task. Long–Evans
rats in behavioral estrous spent less time burying marbles than did
diestrous rats, and ovx rats administered P4 or both P4 and E2 spent
less time burying marbles than did rats administered E2 or vehicle.
Although there were differences in the duration of time rats spent
buryingmarbles, therewas no significant differences in the number of
marbles buried by diestrous, behavioral estrous, ovx, P4 and/or E2,or
vehicle-administered rats. In our hands, the lack of effect on the
number of marbles buried may be attributable to the more stringent
burying criteria we utilized (the entire marble, rather than half of it,
had to be covered to be considered buried) and/or potential
differences between rat strains (we used Long–Evans rats but the
earlier investigation was in Wistar rats) in sensitivity to progestogens
and/or estrogens.

These findings further extend our knowledge of how P4 and/or E2
can mediate anxiety and fear responses. Female rats in behavioral
estrous and ovx rats administered systemic P4 and/or E2 demonstrated
significantly less anxiety in the open field and/or elevated plus maze,
compared to diestrous rats, and those administered vehicle, respectively
(Frye et al., 2000; Frye andWalf, 2004; Mora et al., 1996;Walf and Frye,
2005). Previous work demonstrated that rats in behavioral estrous, or
ovx rats administered P4, show significantly less burying and freezing
after touching a electrified prod, than do diestrous rats or ovx rats
administered vehicle (Frye et al., 2000; Frye and Walf, 2004). The
present findings extend these results to the marble burying and
conditioned fear paradigms, in which rats in behavioral estrous or ovx
rats administered P4 and/or E2, exhibited significantly less freezing than
did those in diestrous or vehicle-administered rats, respectively. These
findings suggest high progestogens and/or estrogen levels among intact
and/or ovx rats may contribute to immediate responses to novel
(marbles) and/or later response to contextual settings that had been
paired with aversive (shock) stimuli.

The present findings provide insight into how progestogens and/
or estrogens may influence response to novel and/or aversive stimuli.
Rats in behavioral estrous spent less time burying than did diestrous
rats. Typically, rats in behavioral estrous exhibit more motor, and less
anxiety, behavior than do diestrous rats (Frye et al., 2000). Admin-
istration of P4 or E2 alone to ovx rats does not increase motor activity
in the open field, but co-administration does increase motor activity
(Frye and Walf, 2004). Whether endogenous increases in progesto-
gens and/or estrogens, or other hormones, that are elevated during
behavioral estrous, may have contributed to differences in burying
behavior were unclear. Given that ovx rats administered P4 or both P4
and E2 spent less time burying than did their E2-only or vehicle-
administered counterparts, this implies that increases in progestogens
and/or estrogens may underlie differences in burying responses to
novel stimuli (marbles). However, in the conditioned fear task,
progestogen- and estrogen-attributable differences in the flinch/
jump responses of intact rats were not observed. Exposure to marbles
and shock are very different. Shock is more aversive and cannot be
avoided or ignored. As such, differences in aversive response to shock
during training likely did not contribute to the freezing that was later
observed during testing. Progestogen- or estrogen-related decreases
in freezing associated with re-experiencing the contextual setting
associated with aversive shock, may be in part due to effects of
progestogens and/or estrogens to attenuate anxiety and/or fear. As
well, pre-and/or post-training exposure to progestogens or estrogens
did not produce amnestic effects in the conditioned fear paradigm.
Indeed, progestogens and estrogens can enhance learning and/or
memory when present after training in cognitive tasks (Frye et al.,
2007; Walf et al., 2006). However, most cognitive tasks examined
have assessed willingness to approach novel stimuli, rather than
assessing avoidance of aversive stimuli. Performance in the condi-
tioned fear task does not dissociate cognitive effects, from avoidance
and/or coping response to aversive stimuli. Lower anxiety behavior
generally observed when progestogen and estrogen levels are high
may positively influence consolidation of aversive stimuli and later
responses. Thus, physiological increases in progestogens and estro-
gens may enhance approach to novel stimuli, as well as decrease
avoidance of aversive stimuli, while consolidating and/or engender-
ing adaptive coping responses.

Progesterone may play a role in mediating anxiety, impulsivity,
fear and motor responses, and can produce other non-behavioral
effects that are important when considering treatment options in a
clinical population. As well, estrogen may be mediating effects on
burying and aversive responses to novel and/or aversive stimuli. In
intact naturally cycling female rats, progestogen and estrogen levels
are high in behavioral estrous, and low in diestrous. Our lab has
demonstrated systemic administration of estrogen to ovariectomized
rats reduces anxiety in the open field and freezing in response to
shock in the defensive freezing task compared to vehicle counterparts
(Frye and Walf, 2004). In addition, administration of E2 at 10 µg or
coumestrol at 10 µg, an ERβ selective estrogen receptor modulator
(SERM), and post-training in the inhibitory avoidance task result in
increased latencies to cross-over to the shock-associated side of the
chamber (Rhodes and Frye, 2006). Co-administration of E2 and P4 to
ovx rats decreases anxiety in the open field and freezing in response to
shock in the defensive freezing task (Frye and Walf, 2004). Results
from this research extend this to progestogen and/or estrogen's
effects on impulsive burying and fear responses, such that adminis-
tration of P4 alone or in combination with E2 to ovx rats reduces
impulsive burying in the marble burying task, but estrogen alone does
not. Additionally, administration of P4 and/or E2 reduces fear
responding in the conditioned fear task. This suggests high levels of
P4 and/or E2 may have actions to reduce impulsivity and fear
responding. However, administration of RU38486, a progesterone
receptor antagonist, to ovx female rats prior to P4 injection does not
alter P4 elicited anxiolytic behavior in the elevated plus maze task
(Bitran et al., 1995). This suggests P4 may not be altering burying
behaviors or fear responding directly through progesterone receptors.

Progesterone's metabolite, 3α,5α-THP, may also be mediating
burying and freezing responses. Results show female Long–Evans rats
in behavioral estrous have higher P4 levels in serum, cortex and
hippocampus compared to diestrous female Long–Evans rats. Addi-
tionally, ovx female Long–Evans rat administered P4 at 4 mg/kg have
higher P4 levels in serum, cortex and hippocampus compared to ovx
females administered vehicle (Walf et al., 2006). Levels of 3α,5α-THP
in plasma, cortex and hippocampus are high when P4 levels are also
high, either in behavioral estrous or by subcutaneous injection of P4
(Frye et al., 2000; Walf et al., 2006). These levels have been shown to
coincide with reductions in anxiety behaviors (Frye et al., 2000).
Results indicate high levels of 3α,5α-THP coincide with reductions in
impulsive burying and fear responding. High levels of progestogens
(P4 and/or 3α,5α-THP) may mediate burying behavior and/or
avoidant behavior as a result of exposure to novel and/or contextually
aversive stimuli. Furthermore, E2 alone can enhance 3α,5α-THP
biosynthesis, which may contribute to progestogen and/or estrogen's
effects tomediate impulsivity, anxiety, and/or fear responding (Cheng
and Karavolas, 1973; Pluchino et al., 2006; Vongher and Frye, 1999).
When P4 is high, performance on tasks that involve the frontal lobe
is improved (Solis-Ortiz et al., 2004). The frontal lobe has been
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implicated in sustained attention, which can include recognition,
alertness and working memory (Bearden et al., 2004; Posner and
Raichle 1994; Riccio et al., 2001). Progestogensmay improve attention
and memory, and influence impulsive and avoidant behaviors. While
progestogens may produce positive behavioral effects, physiological
effects need to be considered when exploring treatment options. P4
can attenuate trophic effects of E2 on the uterus, which in turn reduce
the risk for uterine cancer (Beresford et al., 1997). However, high
levels of P4 can produce negative effects as well, such as increasing risk
for breast cancer, blood clots, stroke, and heart attack (Thomas et al.,
2003). P4 has been implicated as an agonist of blood platelets, which
can contribute to cardiovascular complications associated with P4
treatments by increasing coagulation and clotting (Blackmore, 2008).
Further investigation is needed to parse out P4's beneficial and
harmful effects to better understand risks associated with treatments
in clinical populations. Thus, progesterone may improve anxiety,
impulsivity, and/or fear behaviors through actions by estrogen and/or
3α,5α-THP. These possibilities need to be further explored to determine
possible outcomes of hormonal treatments in clinical populations.
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