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Abstract

Steroid modulation of cognitive function has focused on estrogen (E5), but progestins naturally co-
vary with E, and may also influence cognitive performance. Spatial performance in the object
placement task over endogenous hormonal states in which E, and progestins vary, and when E; and/
or progestins were administered, was examined. Experiment 1: Rats in proestrus or estrus had
significantly better performance in the object placement task than did diestrous rats. Experiment 2:
Rats in the third trimester, post-partum, or lactation exhibited significantly better performance in the
object placement task than did rats in the first trimester. Experiment 3: Ovariectomized (ovx) rats
administered 17p-estradiol (0.9 mg/kg, subcutaneously (sc), progesterone (P; 4 mg/kg, sc), or E and
P, immediately after training in the object placement task, performed significantly better when tested
4 hours later, than did control rats administered vehicle (sesame oil 0.2 cc). Experiment 4: Ovx rats
administered E, or P with a one and a half hour delay after training in the object placement task, did
not perform differently than vehicle-administered controls. Experiment 5: Ovx rats administered
post-training E,, which has a high affinity for both E, receptor (ER)a and 8 isoforms, or propyl
pyrazole triol (PPT; 0.9 mg/kg, sc), which is more selective for ERa than ERp, had significantly
better performance in the object placement task than did rats administered vehicle or
diarylpropionitrile (DPN; 0.9 mg/kg, sc), an ERp selective ligand. Experiment 6: Ovx rats
administered P, or its metabolite, 5a-pregnan-3a-o0l-20-one (3a,5a-THP; 4 mg/kg, sc), immediately
post-training performed significantly better in the object placement task than did vehicle control rats.
Thus, performance in the object placement task is better when E, and/or P are naturally elevated or
when Ej, the ERa selective ER modulator PPT, P, or its metabolite, 3a,50-THP, are administered
post-training.

1. Introduction

Ovarian steroids, such as estradiol (E5), can influence cognitive processes of female rodents.
Performance in the eye-blink conditioning, passive avoidance, and object recognition tasks,
which involve the hippocampus and other regions of the brain (i.e. amygdala, cortex), is better
during behavioral estrus when E; levels are acutely elevated than during low E, phases of the
estrous cycle (Frye & Bayon, 1999;Rhodes & Frye, 2004;Shors et al., 1998;Walf et al.,
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2006;Wood et al., 2001). When E, is administered to ovariectomized (ovx) rats, such that
physiological E, concentrations are achieved during training and consolidation, performance
in hippocampally-mediated tasks, such as the water maze, radial arm maze, 4-arm plus maze,
and passive avoidance are improved over that produced by vehicle administration (Bimonte &
Denenberg, 1999;Daniel et al., 1997;Davis et al., 2005;Diaz-Veliz et al., 1991;Fader et al.,
1998;Frye & Rhodes, 2002;Gibbs, 1999;2000; as reviewed in Korol, 2004;Korol & Kolo,
2002;Luine et al., 1998;Mariott & Korol, 2003;0’Neal et al., 1996;Packard, 1998;Sandstrom
& Williams, 2001;2004). These data suggest a role of the hippocampus as a target for steroid
hormones’ effects for cognitive processes and that the timing of hormone exposure and testing
is critical. Indeed, when rats are trained and tested in different phases of the estrous cycle, little
evidence for cognitive-enhancing effects of endogenous ovarian steroids in the water maze are
observed (Frye, 1995). We have utilized the object recognition task, which has a four-hour
intertrial interval, to assess steroids’ effects on object memory in a task that relies on
functioning of the prefrontal cortex and hippocampus. Given the four-hour intertrial interval,
we were able to assess these effects over the estrous cycle when rats are trained and tested in
the same estrous cycle state (Walf et al., 2006). As such, using a hippocampally-mediated task
with a short interval between training and testing, such as the object placement task, to
investigate effects of endogenous changes in ovarian hormones is essential to assess the role
of the hippocampus for these effects.

Estradiol binds with a high affinity to both E; receptor (ER) isoforms, ERa and ERB. Although
there is differential distribution of ERo and ERp throughout the central nervous system, both
ERa and ERP are expressed in the hippocampus and cortex (Shughrue et al., 1997;
1998;Shughrue and Mercenthaler, 2001) and may influence cognitive processes that rely on
hippocampal and cortical function. Indeed, ERa and ER selective ER modulators (SERMS)
that have high affinity for ERa, enhance exploration and performance in tasks that involve
exploration, hippocampal, and cortical function, such as the object recognition task (Luine et
al., 2003;Morgan et al., 2004;Walf et al., 2006). SERMS or dietary phytoestrogens, which have
selective actions at ERp, enhance performance in hippocampal tasks, such as the water and
radial arm mazes and passive avoidance (Lephart et al., 2002;Rhodes and Frye, 2006). Thus,
actions at ERa and/or ERB may underlie Ex-enhanced performance in hippocampally-mediated
tasks.

Progesterone and its metabolites, dihydroprogesterone (DHP), and 5a-pregnan-3a-ol-20-one
(3a,50-THP), co-vary with E, over reproductive cycles and may influence cognitive
performance, yet few studies have addressed the role and/or mechanisms of progestins for
spatial, hippocampus-dependent learning. Although pregnancy is characterized by more
marked elevations in progestin than E; levels, one of the few animal studies investigating
spatial learning over pregnancy attributed differences to E, concentrations (Galea et al.,
2000). Notably, E, enhances P’s metabolism to DHP and 3a,5a-THP (Cheng & Karavolas,
1973;Vongher & Frye, 1999) and P or its metabolites can enhance performance in various
cognitive tasks. Administration of P, DHP, or 3a,5a-THP to ovx rats enhances performance
in the object recognition and Y-maze tasks, both of which involve prefrontal and hippocampal
processes, as well as conditioned and passive avoidance, tasks (Diaz-Veliz et al., 1994;Ebner
etal., 1981;Frye & Lacey, 2000,van Wimersma Greidanus, et. al. 1977;Walf et al., 2006).
Indeed, regression analyses revealed significant positive correlations between E, and 3a,50-
THP levels in the hippocampus and 3a,5a-THP levels in the prefrontal cortex for performance
in the object recognition task (Walf et al., 2006). Thus, it is necessary to ascertain the nature
and extent to which E, and progestins can have integrated and/or independent effects on
hippocampus-dependent spatial performance.

To further address the respective roles and/or mechanisms by which E, and/or progestins may
influence cognitive performance in a hippocampally-mediated task, the effects of endogenous
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fluctuations in ovarian steroids, removal of the ovaries, and selective replacement of estrogens
and progestins on performance in the object placement task were examined. We hypothesized
that endogenous fluctuations and exogenous administration of E, and/or progestins would alter
object placement performance. To test this hypothesis, we examined performance of rats across
the estrous cycle (Experiment 1), various stages of pregnancy (Experiment 2), and following
ovx and administration of E; and/or P (Experiments 3 & 4), SERMs (Experiment 5), or
progestins (Experiment 6).

2. Methods

The Institutional Animal Care and Use Committee pre-approved these methods.

Animals & Housing

Subjects were 2-4 month old, female Long-Evans rats (N=161), bred at S.U.N.Y .-Albany from
stock originally purchased from Taconic Farms, Germantown, NY. Rats were housed 4-5 per
cage (45 x 24 x 21 cm) with ad libitum access to Purina Rat Chow and tap water, in a
temperature-controlled room (21 + 1° C), that had a 12/12 hour reversed-light cycle (lights off
at 0800) in The Laboratory Animal Care Facility in The Life Sciences Research Building. After
testing in this experiment, rats became breeder females or were tested in other ongoing
experiments in the laboratory.

Determination of estrous cycle/pregnancy

For some rats, phase of estrous cycle was determined by daily examination of vaginal cytology
between 0800-0900 (Frye & Bayon, 1999) and were trained immediately after status was
determined (and tested 4 hours after training in the same cycle phase). Vaginal lavages of rats
in proestrus, estrus, and diestrus are differentiated by the preponderance of nucleated, cornified
epithelial, and heterogeneous cell types, respectively. Some rats in behavioral estrous were not
tested that day, but were mated and were utilized in Experiment 1 as the pregnant, post-partum,
and/or lactating rats. Only rats that showed typical cycling for at least 3 cycles were utilized
in this study.

Extirpation and Steroid Replacement

Some rats had the primary endogenous sources of E; and progestins, the ovaries, removed
under Rompum (12 mg/kg; Bayer Corp., Shawnee Mission, KS) and Ketaset (80 mg/kg; Fort
Dodge Animal Health, Fort Dodge, 1A) anesthesia, one week prior to testing. Steroids were
then administered subcutaneously (sc) in sesame oil vehicle to control the concentration and
timing of the hormones.

Behavioral Testing- Object Placement Task

The object placement task is a spatial memory task that is considered hippocampus-dependent,
but also relies on functioning of the cortex (Ennaceur et al., 1997). Indeed, although some
studies suggest that extensive hippocampal lesions do not adversely affect object recognition/
placement memory, a recent report suggests that dorsal hippocampal lesions impair object
placement memory (Aggelton et al., 1986; Lee, Hunsaker, & Kesner, 2005; reviewed in
Mumby, 2001). This task was used as modified from previously published methods (Ennaceur
& Delacour, 1988;Luine et al., 2003). The advantages of this task are that cognitive
performance does not depend upon retention of a rule, does not involve a physical or
psychological stressor, is not influenced by changes in response to reward, and involves rats’
natural inclination to seek novel stimuli.
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In all experiments, rats were trained in this task between 0800 and 1200 and were tested 4 hours
later to ensure that intact rats would be in the same hormonal milieu during training and testing.
During the training session, which lasts 3 minutes, rats are placed in a white open field (76 cm
x 57 cm with 35 cm high walls) with no shavings in the brightly-lit testing room. Before
initiation in this study, experimental rats were naive to this environment. During training, the
open field has two identical objects in adjacent corners (NW and NE) and the time spent
exploring these objects were recorded; rats that spent less than 1 s exploring each object were
excluded from statistical analyses for not reaching training criterion. The operation definition
of exploring utilized was that the animal spent a body’s length or less from the object and
sniffed, climbed on, or touched the object. The identical objects were colored spheres
(“orange,” “lemon,” etc plastic toys) that were wiped cleaned with Quatricide between animals
and trials as was the open field. During the testing session, one sphere is moved to the opposite
corner of the open field (i.e. SW or SE). The rats are placed back in the open field with the
same two objects, with one object having been displaced (i.e. objects are in NW and SE or NE
and SW). In both the training and testing trials, the time spent exploring the two objects during
3 minutes are recorded simultaneously by an observer blind to the experimental condition of
the subject who is located in the experimental room and a video-tracking/computer system
(Any-Maze; Stoelting). Cursory examination group means and absolute values of biases did
not reveal that rats’ had a bias towards exploring objects on the right vs. left side of the open
field. However, to eliminate any possible effects of a spatial bias, displacement of the object
was counterbalanced across all treatment groups and testing sessions. An index of enhanced
cognitive performance in this task is demonstrated by an increased percentage of time spent
exploring the object in a new location compared to the total amount of time spent exploring
both objects during testing (duration spent with displaced object/(duration spent with displaced
object + duration spent with non-displaced object) x 100).

Rats were repeatedly tested in each experiment under conditions that were counterbalanced.
We and others have found little evidence of repeated testing effects using this task or the object
recognition task (Luine et al., 2003;Walf et al., 2006) or in the present study. Experiment 1:
Intact rats in proestrus, estrus, or diestrus were trained in the object placement task and tested
4 hrs later. Experiment 2: Rats that were pregnant and in the first trimester (gestational days
5-7), pregnant and in the third trimester (gestational days 16-21), post-partum (1-2 days post-
parturition), and lactating (5-13 days post-parturition with pups) were trained in the object
placement task and tested 4 hrs later. Experiment 3: Ovx rats were subcutaneously (SC)
administered 17p-estradiol (17B-E,; Sigma Chemical Co.; 0.9 mg/kg), P (Sigma Chemical Co.;
4 mg/kg), 17B3-E; (0.9 mg/kg) & P (4 mg/kg), or sesame oil vehicle (0.2 cc), immediately after
training in the object placement task and were tested 4 hrs later. Dosing utilized was based
upon previous results that these regimen produce proestrus-like E, and progestin levels in
plasma, hippocampus and cortex (Walf et al., 2006). Experiment 4: We wanted to be able to
elucidate the mnemonic vs. anxiolytic effects of E; and/or progestins in the object placement
task. As such we utilized an approach described by Packard (reviewed in Packard, 1998) that
has been used with success with the object recognition task (Walf et al., 2006), in which steroids
were administered outside the timeframe when memory consolidation occurs (i.e. 1-2 hours
post-training). As such, in this experiment, ovx rats were SC administered E, (0.9 mg/kg), P
(4mg/kg), Eo (0.9 mg/kg) & P (4 mg/kg; n=16), or sesame oil vehicle (0.2 cc), one and a half
hours after training in the object placement task and were tested 4 hrs after training. Experiment
5: Ovx rats were administered 17p-estradiol (Ep; 0.9 mg/kg, which binds to both ERa and
ERp; Steraloids), an ERo—selective SERM, propyl pyrazole triol (PPT; 0.9 mg/kg; Stauffer et
al., 2000; Sigma Chemical Co.) or an ERB-selective SERM, diarylpropionitrile (DPN; 0.9 mg/
kg; Meyers et al., 2001; Sigma Chemical Co.) or sesame oil vehicle (0.2 cc), immediately after
training in the object placement task and were tested 4 hrs later. Dosing utilized was based
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upon previous results that these and similar regimen enhance learning, anxiety, and/or
reproductive behavior (Walf & Frye, 2005; Walf et al., 2006). Experiment 6: Ovx rats were
administered sc P (4 mg/kg), 3a,50-THP (4 mg/kg), or sesame oil vehicle (0.2 cc), immediately
after training in the object placement task and were tested 4 hrs later. Dosing utilized was based
upon previous results that these regimen produce proestrus-like progestin levels in plasma,
hippocampus and cortex (Walf et al., 2006).

Statistical analyses

To determine effects of hormone condition on performance in the object placement task, data
were analyzed using analyses of variance (ANOVASs). When an a level of p<0.05 was achieved,
differences between groups were investigated with Fisher PLSD comparisons.

3. Results

3.1 Experiment 1- Rats in proestrus or estrus performed better in the object placement task
than did diestrous rats

The significant main effect of the estrous cycle F(2,72)=6.25, p=0.003 was due to proestrous
or estrous rats spending a greater percentage of time with the object in a novel location than
did control, diestrous rats (Figure 1). Means of groups for total time spent with objects during
training and testing are included in Table 1 (n.s.).

3.2 Experiment 2- Rats in the 39 trimester, post-partum, or lactating performed better in the
object placement task than did rats in the 15! trimester of pregnancy

The significant main effect of testing at different points in pregnancy, parturition, and/or
lactation F(3,91)=3.06, p=0.03 was due to rats in the third trimester, post-partum, or lactating
spending more time with the object in the novel location than did control rats in the first
trimester of pregnancy (Figure 2). Means of groups for total time spent with objects during
training and testing are included in Table 1. Rats in first trimester spent more time exploring
object in the familiar location than did post-partum or lactating rats.

3.3 Experiment 3- Administration of 17B-E, and/or P4 to OVX rats immediately post-training
improve performance in the object placement task

The significant main effects of post-training E, and/or P F(3,74)=3.09, p<0.03 was due to rats
administered 17B-E», P4, or 17B-E» & P4 spending significantly more time exploring the object
in a novel location than did rats administered vehicle (Figure 3). Means of groups for total time
spent with objects during training and testing are included in Table 1 (n.s.).

3.4 Experiment 4- When administration of E, and/or P4 was delayed 1.5 hour post-training,
performance in the object placement task was not improved

There was no significant main effect when administration of E; and/or P was delayed an hour
and a half post-training F(3,60)=0.027, p=0.99. Rats administered 17B-Ep, P4, 17B-Eo & Py,
or vehicle one and half hours post-training, did not differ in the duration of time spent exploring
the object in a novel location (Figure 4). Means of groups for total time spent with objects
during training and testing are included in Table 1 (n.s.). Rats in the 17B-E, & P4 condition
spent more time investigating the objects during training than did vehicle control rats.

3.5 Experiment 5- Administration of 17B8-E, or PPT to OVX rats immediately post-training
improved performance in the object placement task

The significant main effect of estrogen administration F(3,64)=2.87, p=0.04 was due to rats
receiving 17B-E, or PPT, but not DPN, spending a greater percentage of time with the object

Neurobiol Learn Mem. Author manuscript; available in PMC 2008 September 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Frye etal. Page 6

in the novel location than did rats administered vehicle (Figure 5). Means of groups for total
time spent with objects during training and testing are included in Table 1 (n.s.).

3.6 Experiment 6- Administration of P or 3a,5a-THP to OVX rats immediately post-training
improved performance in the object placement task

The significant main effect of progestin condition F(2,54)=3.28, p=0.04 on object placement
task performance was due to administration of P4 or 3a,50-THP significantly increased the
percentage of time spent with the object in a novel location compared to vehicle-administration
(Figure 6). Means of groups for total time spent with objects during training and testing are
included in Table 1 (n.s.).

4. Discussion

The data from the present study supported our hypotheses that endogenous fluctuations in, or
exogenous administration of, E, or progestins would influence performance in the object
placement task. In support, rats in proestrus or estrus spent more time with the object in a novel
location than did diestrous rats. Rats in the 3™ trimester, post-partum, or lactating spent more
time exploring the object in novel location than did rats in the 15 trimester of pregnancy.
Further, administration of physiological regimen of E, and/or progestins immediately (but not
with a 1.5 hour delay) post-training, increased time spent with the object in the novel location
compared to that of ovx rats administered vehicle. Administration of E; or PPT, which is
selective for ERa (but not ERp selective DPN), enhanced time spent with the object in the
novel location compared to vehicle controls. Administration of P or 3a,5a-THP enhanced time
spent with the object in the novel location compared to vehicle controls. Together these data
suggest that performance in the object placement task is better when E, and/or P are naturally
elevated or when E,, PPT (an ERa selective ER modulator), P or its metabolite 3a,50-THP are
administered immediately post-training. Thus, both short- and long-term increases in ovarian
steroids can enhance spatial performance in the object placement task.

The present results confirm and extend previous findings on variations in cognitive
performance of rats over the estrous cycle. Rats in proestrus and estrus spent more time with
the object in a novel location than did diestrous rats, suggesting that acute increases in
endogenous E, and/or progestin levels may be beneficial for cognitive performance in a spatial
task. In studies utilizing tasks where animals can be trained and tested in the same hormonal
milieu, such as the classical eye-blink conditioning task, passive avoidance task, and one-day
waer maze, performance is better during proestrus compared to other phases of the cycle (Frick
and Berger-Sweeny, 2001; Rhodes & Frye, 2004; Shors et al., 1998;Wood et al., 2001). In
contrast, rodents in proestrus perform no differently or worse in the water maze, radial arm
maze, and active avoidance (Farr et al., 1995;Frye, 1995;Rubinow et al., 2004;Stackman et al.,
1997;Warren and Juraska, 1997). Together, these findings suggest that effects on spatial ability
of hormones over the cycle may differ with task demand, stress, and/or shifts in cognitive
strategy (Galea et al., 2000;Korol et al., 2004;Korol & Kolo, 2002;Rubinow et al., 2004). As
such, using a task, e.g. the object recognition or object placement, which does not incorporate
aversive/noxious stimuli (electric shock, food deprivation) or physical demand (swimming),
but incorporates rats’ natural exploratory tendencies may reveal effects of steroids for spatial
memory that can be parsed out from effects on stress/anxiety. Although this task is considered
to be less demanding than tasks that do incorporate such stimuli, indices of stress/arousal are
increased following exposure to novel objects/arenas in some animals (Cavigelli and
McClintock, 2003), and improved performance in object memory tasks is dependent upon some
‘emotional arousal’ of the animal during training, an effect that is abolished with post-training
injections of high dosages of corticosterone (Okuda et al., 2003). However, we found little
evidence of consistent differences in exploration of the objects during training in intact or ovx
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rats that would imply differences were due to exploration/anxiety rather than mnemonic
processes. Given that immediate, but not delayed, post-training administration of E,, P, or
E, & P to ovx rats enhances performance further suggest that effects observed were on memory
consolidation rather than motoric and affective confounds. Future studies could investigate this
point further by using steroids that rapidly metabolize and would thus not be at appreciable
levels during training and testing.

Furthermore, the present study suggests that chronic exposure to increased P levels may also
be beneficial. 3rd trimester, post-partum, and lactating animals all similarly outperformed 1st
trimester animals; despite post-partrum and lactating rats having lower steroid levels during
training and testing. There is evidence to suggest that beneficial effects of pregnancy on
cognitive performance may persist beyond the gestational period. Water maze performance is
better among multiparous than nulliparous rats (Gatewood et al., 2005). Multiparous rats have
enhanced working memory performance and primiparous rats have enhanced reference
memory performance compared to nulliparous rats which suggested that hormone-induced
hippocampal madifications in pregnant rats may improve learning and memory ((Kinsley et
al. 1999) albeit it is not clear whether some of these effects are due to motor or mnemonic
processes). These pregnancy-related effects observed in animal models may be analogous to
that of some women. Six months after pregnancy, women’s word recall was enhanced
compared to that of non-pregnant controls (Sharp et al., 1993). Although we may infer that
E, and/or progestins during pregnancy influence cognitive performance, 15t trimester rats did
not have enhanced performance in this task, which may be due to effects of the many pregnancy
hormones that are changing at this time. Prolactin, oxytocin, and glucocorticoids are all
elevated during pregnancy in rats, are known to influence brain structures, and may be involved
in the modulation of spatial cognition (Grattan, 2002;0itzl et al., 1998;Roozendaal et al.,
1996;Shingo et al., 2003; Tomizawa et al., 2003). For that reason, it is essential to examine
effects on cognitive performance of both endogenous variations in hormones and effects of
systemic hormone-replacement.

In the present study, administration of E, and/or P, immediately post-training increased the
percentage of time spent exploring the object in the novel location. We have previously shown
that administration of E, and P increase E; and P levels in the hippocampus (similar to that
observed in proestrus) 4 hours post subcutaneous administration (Walf et al., 2006). These data
confirm other reports that suggest administration of E, and P can enhance cognitive
performance. Co-administration of E; and P4 enhances performance of young OV X rats in
spatial memory tasks (Sandstrom & Williams, 2001;Sato et al., 2004). Notably, few studies
have looked at effects of E, and P and P alone for cognitive performance in a “healthy” animal
as most have used pharmacological agents or neurodegeneration models. For instance,
administration of E, alone, or with P, to ovx rats attenuated scopolamine-induced deficits in
T- maze alternations (Dohanich et al., 1994). Co-administration of E, and P4 enhances
performance of young oxv rats with neurodegeneration in the hippocampally-mediated spatial
task (Vongher & Frye, 1999). Indeed, beneficial effects of E, for water maze performance are
abrogated by P administration to aged mice in a dose-dependent manner (Harburger et al.,
2007). Notably, a 1.5 hour post training delay in E; and/or P administration abrogated their
mnemonic effects, which suggest that the beneficial effects of these steroids in a young/healthy
system occur when they are present during early consolidation. Thus, the present data suggest
that E; and P have beneficial effects in a normally-functioning system to enhance cognitive
performance.

The present results that E, and the ERa-specific ligand, PPT, enhanced performance in the

object placement task suggest that E,’s effects at ERs may be important for its beneficial effects
on cognitive performance. That E, and PPT enhanced performance, unlike DPN and vehicle,
suggest that ERo. may be important for performance in this spatial task. This confirms previous
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reports that ERa-selective SERMs enhance performance in the object recognition and object
placement tasks (Luine et al., 2003;Walf et al., 2006). However, other reports have suggested
that in object recognition or spatial or emotional memory tasks, such as the water maze or
passive avoidance, are enhanced by ERa and/or -specific SERMs (Fugger et al., 1998;Rhodes
& Frye, 2006;Walf et al., 2006). Notably, in these previous studies and in the present one, dose-
dependent effects of these compounds were not assessed, which may be particularly important
to investigate given their differential affinity for ERo and ERp. It may be that both ERo and
ERP are important for cognitive performance and that these effects may be task-specific and
dose-dependent. Furthermore, given that we observed that the ERa agonistOtreated, but not
ERDb agonist-treated, rats had enhanced performance and ERa is less abundant than ER in the
cortex (Shughrue & Mercenthaler, 2001;Shughrue et al., 1998), perhaps for object placement
the cortex may be a less important brain target for estrogens’ effects than other sites. This is
speculative and was not investigated in the present study. Future studies investigating the task-
and dose-dependency and site-specificity of the observed effects are warranted.

The present results suggest that progestins can have mnemonic effects. In support, post-training
P or 3a,50-THP administration, compared to vehicle, increased the percentage of time spent
exploring the object in a novel location. In other tasks that utilize the hippocampus, young,
ovXx rats show decrements in water maze, passive avoidance, and object recognition that can
be ameliorated with administration of P or 3a,5a-THP (Frye & Lacey, 2000;Frye & Sturgis,
1995;Walf et al., 2006). 30,5a-THP in particular appeared to have beneficial effects in the
object placement task. Ovx rats administered 3a,5a-THP out-performed ovx animals
administered P or vehicle. In addition, 3a,50-THP cannot back convert to P, which implies
that P’s effects are due to conversion to 3a,50-THP and 3a,5a-THP’s subsequent effect. Other
studies have not demonstrated a beneficial effect of progestins for cognitive performance
(Freeman et al., 1993;Zou et al., 2000); however, these effects may be due to 3a,50-THP’s
dose-dependent effects for behavior in this task. Notably, higher dosages of 30,5a-THP can
have anxiolytic or sedative effects (Bitran et al., 1991;1999;Frye et al., 2000;Korneyev &
Costa, 1996;Mok & Krieger, 1990;Seyle, 1941), which would interfere with consolidation and
performance. However, we have shown that the dosages used in the present study produce
physiological progestin levels in the hippocampus (Walf et al., 2006).

In summary, we have found that acute and/or chronic endogenous increases in E; and
progestins, such as occur over the estrous cycle and pregnancy, can enhance cognitive
performance in the object placement task. Furthermore, acute administration of E;, and/or
progestins immediately after training improved performance in the object placement task The
mnemonic effects of E, and/or progestins were abrogated when they were administered 1.5
hours after training, which suggests that steroids may have an enhancing effects that are
relegated to the early phase of consolidation. As well, there were similar effects of E, and/or
the ERa selective SERM to enhance performance in this task, which suggest that actions at
ERa may be important. Finally, the similar effects of P and 3a,50-THP suggest that actions of
3a,5a-THP may underlie some of the beneficial effects of progestins on cognitive performance.
Together, these data suggest that both short-term and chronic changes in E; and progestins can
alter spatial performance in the object placement task.
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Figure 1.

Mean percent of time (£ standard error) proestrous (n=25; stripped bar) and estrous (n=25;
filled bar) rats spent exploring the displaced object as compared to diestrous controls (n=25;
open bar). * Indicates significant difference from diestrus (p < 0.05).
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Figure 2.

Mean percent of time ( standard error) 3'd trimester (n=25; stripped bar), post-partum (n=23;
filled bar), and lactating (n=22; shaded bar) rats spent exploring the displaced object as
compared to 1%t trimester controls (n=25). * Indicates significant difference from 15t trimester
(p <0.05).
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Figure 3.

Mean percent (z standard error) of time spent exploring the displaced object of ovx rats
administered E, (n=18; stripped bar), P (n=21; filled bar) or E; + P (n=18; shaded bar)
immediately after training compared to vehicle (n=21) * Indicates significant difference from
ovx vehicle (p < 0.05).
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Figure 4.

Mean percent (z standard error) of time spent exploring the displaced object of ovx rats
administered E, (n=16; stripped bar), P (n=16; filled bar) or E; + P (n=16; shaded bar) 1.5
hours after training compared to vehicle (n=16).
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Figure 5.

Mean percent (+ standard error) of time ovx rats administered post-training E, (n=17; stripped
bar), PPT (n=17; filled bar), or DPN (n=17; shaded bar) rats spent exploring the displaced
object as compared to ovx vehicle controls (n=17). * Indicates significant difference from ovx
(p <0.05).

Neurobiol Learn Mem. Author manuscript; available in PMC 2008 September 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Frye et al.

Page 18

100—

W

40

% time spent exploring displaced object

Vehicle P 3a-5a-THP

Figure 6.

Mean percent (z standard error) of time ovx rats administered post-training P (n=19; stripped
bar) or 3a-5a-THP (n=18; filled bar) spent exploring the displace object as compared to ovx
vehicle controls (n=21). * Indicates significant difference from ovx vehicle (p < 0.05).
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