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The multiple memory systems hypothesis proposes that different types of learning strategies are mediated by distinct

neural systems in the brain. Male and female mice were tested on a water plus-maze task that could be solved by either

a place or response strategy. One group of mice was pre-exposed to the same context as training and testing (PTC) and

the other group was pre-exposed to a different context (PDC). Our results show that the PTC condition biased mice

to place strategy use in males, but this bias was dependent on the presence of ovarian hormones in females.

The participation of different brain areas in place and response
learning strategies has been studied extensively (White and
McDonald 2002; Gold 2004; Mizumori et al. 2004). Place strategy
is an allocentric navigation strategy that depends on extramaze
cues. Response strategy is an egocentric navigation strategy based
on proprioceptive cues. Inactivation of the hippocampus biased
animals to response strategy use, and inactivation of the striatum
biased animals to place strategy use (Packard and McGaugh 1996;
Lee et al. 2008). Furthermore, glutamate infusion into the
hippocampus strengthened place strategy use and, conversely,
glutamate infusion into the striatum enhanced response strategy
use (Packard 1999). These studies suggest that the hippocampus
system mediates place strategy, while the striatum system medi-
ates response strategy.

Various factors can modulate learning strategy use, including
training intensity (Packard and McGaugh 1996; Martel et al.
2007). A recent study investigated the influence of training on
strategy use on a probe trial conducted 1 h after training (Martel
et al. 2007). Male mice displayed enhanced place strategy use
when trained on 12 or 22 trials compared with four trials, suggest-
ing an effect of training intensity on strategy choice (Martel et al.
2007). This study further investigated the effect of pre-exposure to
the training and testing context (PTC). Pre-exposure enhanced
place strategy use in male mice after only four trials relative to
animals pre-exposed to a different context (PDC). These results
suggest that a sufficient exposure to the training and testing con-
text promotes place strategy use in mice.

The type of strategy used by rats is affected by both biological
sex and gonadal steroids. Male rats typically employ a place strat-
egy, especially during the early phase of training, on both land
and water T-mazes (Packard and McGaugh 1992, 1996; Packard
and Teather 1997). However, strategy use by female rats depends
on hormonal conditions (Dohanich 2002; Dohanich et al.
2009). Place strategy is preferred by intact female rats on the day
of proestrus when estradiol levels are elevated, and by ovariecto-
mized rats treated with estradiol (Korol and Kolo 2002; Korol
2004; Korol et al. 2004). In contrast, response strategy is more
often displayed by intact females on diestrus, and by ovariecto-
mized females that did not receive estradiol replacement (Korol
and Kolo 2002; Korol et al. 2004). To date, the effects of biological

sex and gonadal steroids on learning strategy have not been
studied in mice.

In this study, we developed a modified version of the dual-
solution water plus-maze task to further investigate the role of
PTC compared with PDC in male and female mice. We hypothe-
sized that strategy choice in both sexes would be dependent on
context pre-exposure, and ovarian hormones would influence
strategy choice in females. Our results show that PTC significantly
enhanced place strategy use in male mice. Although there was
no significant difference between PTC and PDC female mice,
ovariectomy significantly reduced place strategy use in the PTC
females, suggesting that ovarian hormones play a significant
role in strategy use in female mice.

Sixteen male and 39 female 129/Sve strain mice were
obtained at 2–3 mo of age from Charles River Laboratories
(Boston, MA). Mice were housed in groups of four on a 12/12
light/dark cycle (lights on at 07:00 h) with free access to food
and water. All protocols followed the guidelines from a protocol
approved by the Animal Care and Use Committee of Tulane
University in accordance with National Institutes of Health
Guide for the Care and Use of Laboratory Animals.

Mice were pre-exposed for 5 min to the dry plus-maze either
in the context of the subsequent training and testing (PTC), or in a
different context in a different room (PDC), 30 min prior to the
first training trial. The maze consisted of four clear Plexiglas
arms (40 cm in length, 10 cm in width, and 40 cm in height).
During the pre-exposure, mice were able to visit three arms of
the maze. The rooms had different visual cues surrounding the
maze. No extramaze cues were placed directly at the end of any
arm. After the pre-exposure, the animal was placed in its home
cage. The maze was wiped clean with 70% ethanol between trials.

After pre-exposures, the maze was filled to 1.5 cm above
the Plexiglas escape platform (15 cm in height) with room-
temperature water colored opaque with white nontoxic tempera
paint. Mice were trained in the water plus-maze task (Fig. 1A).
The training was ended when the animals made six correct
choices or reached nine trials. The animals that made fewer
than four correct choices during training were not included in
the study. Trials were continued until the mouse reached the plat-
form or a maximum of 1 min. Each trial was separated by an inter-
trial interval of 4 min. Throughout the training trials, one arm
(north) was blocked off by a white Plexiglas shield, creating a
T-shaped maze. Mice were placed in the start arm of the maze
(south) and were allowed to swim to the escape platform, which
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was consistently located in one arm of the maze for each animal
and alternated between animals (east or west). Entry of the entire
animal into the maze arm that contained the escape platform was
scored as a correct response during the training trials, and entry of
the entire animal into the maze arm that did not contain the
escape platform was scored as an incorrect response. Mice were
allowed to remain on the escape platform for 15 sec before being
returned to their cages. Mice that failed to find the escape plat-
form within 60 sec were manually guided to the platform. The
water was distributed across all arms of the maze and the maze
walls were wiped down to reduce intramaze cues between training
and probe trials. One hour after training, mice were tested on a
probe trial (Fig. 1B) in order to determine their relative use of
“place” and “response” strategy. On the probe trial, mice were
placed into the start arm 1808 opposite the start arm used during
training (i.e., end of the north arm) and were allowed to make an
entry into either the east or west maze arm. The white Plexiglas
shield blocked the south arm during the probe trial. Mice were
designated as using place or response strategy based on the probe
trial. Place strategy was designated as entry of the entire animal
into the arm with the platform, and response strategy was desig-
nated as entry of the entire animal into the opposite arm.

Sixteen male mice were randomly divided into two groups
based on pre-exposure context, PTC or PDC. Four of the 16 males
were not included in the study for failure to reach criterion (four
correct out of nine trials) or failure to escape to the platform due
to floating, which is a behavior commonly seen in this strain

(Wolfer et al. 1997). On the probe trial PTC males used the
place strategy significantly more often than PDC males (P ,

0.05, x2 ¼ 5.182, Fig. 1B). Four of five PTC males used place strat-
egy, whereas only one of seven PDC males used place strategy.
Pre-exposure of animals to the same or different context prior to
training did not affect the latency to escape the platform during
training. Latency to find the platform during training trials
revealed a significant effect of trial (F(8,89) ¼ 3.830, P ¼ 0.0007,
non-repeated measures two-way ANOVA) but not pre-exposure
condition (F(1,89) ¼ 0.103, P ¼ 0.75, non-repeated measures two-
way ANOVA; Fig. 1C). Moreover, the average swim speed of PDC
male mice (6+1.6 cm/sec, n ¼ 7) was not significantly different
than the average swim speed of PTC male mice (6+2.5 cm/sec,
n ¼ 5; P ¼ 0.34, t ¼ 0.9 [t-test]). Together, these data suggest
that the pre-exposure condition did not influence learning during
the training period, but PTC did enhance place strategy use in the
probe trial in male mice.

Female mice at 3 mo of age were randomly divided into two
groups: mice that would receive ovariectomy (Ovx), and a sham
surgery group (Sh). Mice were anesthetized with a ketamine
(80 mg/kg) and xylazine (8 mg/kg) mixture. The first group of
mice (n ¼ 20) received ovariectomy using a dorsolateral approach.
The other group (n ¼ 19) of female mice received sham surgery,
which consisted of ovary exposure only. Animals were injected
with the pain reliever, buprenorphine (5 mg/kg), immediately
after the surgery. One week after the surgery, vaginal smears
were collected from all females, including Ovx as handled

Figure 1. The effects of pre-exposure to the training and testing context (PTC) or to a different context (PDC) on strategy selection of male mice.
(A) Schematic diagram of the water plus-maze. Mice were released from the south arm during training trials and from the north arm during the
probe test. (B) More male mice used place strategy than response strategy when pre-exposed to the same context prior to training and testing (PTC,
n ¼ 5) compared with male mice pre-exposed to a different context (PDC, n ¼ 7, P , 0.05). (C) Latency curves show the actual latency to escape to
the platform. Two-way ANOVA (non-repeated measures) revealed no significant difference across training trials in escape latencies between PDC and
PTC mice (P . 0.5), although a significant effect of trial indicated that mice reduced their escape latencies across trials (P , 0.001). Values represent
mean+S.E.M.
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controls, at the same time each morning by lavage to track their
estrus cycles (Marcondes et al. 2002). After two regular cycles, Sh
animals were trained and tested on the day of proestrus (high
estradiol).

Ovariectomy has been reported to affect anxiety levels (Walf
et al. 2006), and anxiety levels may alter performance on water
maze tasks. To assay possible anxiety differences between Sh and
Ovx, female mice were tested on open field and elevated plus-
maze (EPM) 2 wk after the surgery in a room different from the
rooms used in water maze tasks. A single mouse was placed in
the center of a white, Plexiglas chamber measuring 43 cm in
length × 43 cm in width × 18 cm in height. The animal explored
the novel environment for 15 min, and movements were moni-
tored by a camera interfaced with a tracking system (US HVS
Image). The area was divided into 16 virtual squares (10.75 ×
10.75 cm) by the program, and the middle four squares were
defined as the center area. The Plexiglas chamber was wiped clean
with 70% ethanol between trials. The EPM consisted of four arms
(5 cm in width × 30 cm in length) arranged perpendicularly in a
plus shape and elevated 38 cm above the floor. Two arms were
enclosed by 15.5-cm dark Plexiglas walls and two arms were
open. Each animal was placed in the center of the EPM facing a
closed arm and allowed to move freely for 5 min. Behavior was
monitored by a camera interfaced with the tracking system.

Animals with high anxiety levels tend to spend less time in
the open arms of the EPM and in the center of the open field.
The percent time spent in the open arms of the EPM by Ovx
mice (37.9%+7.5%, n ¼ 14) was not significantly different than
the percent of time spent in the open arms by Sh mice (27.8%+

6.2%, n ¼ 15; P ¼ 0.30, t ¼ 1.1). The percent time spent in the cen-
ter of the open field by Ovx mice (35.1%+7.1%, n ¼ 14) was not
significantly different from Sh mice (29.0%+7.1%, n ¼ 15; P ¼
0.55, t ¼ 0.61). These results indicate that ovarian hormones did
not have a significant effect on the anxiety levels of the female
mice tested in this study.

Two weeks after the anxiety tests, the Ovx and Sh groups
were divided randomly into two groups based on the pre-exposure
context: Ovx PTC, Ovx PDC, Sh PTC, Sh PDC. Sh females with reg-
ular estrus cycles were trained and tested on the day of proestrus.
Five Ovx and seven Sh animals were not included in the study
because of floating, failing to reach criterion (four correct out of
nine trials), or exhibiting irregular estrus cycles. Five of eight Sh
PTC and only one of six Sh PDC females used place strategy; how-
ever, this difference was not significant (P . 0.05, x2 ¼ 2.94,
Fig. 2A). Therefore, the pre-exposure condition did not signifi-
cantly affect strategy use in females at proestrus.

Interestingly, ovariectomy did significantly affect strategy
use in PTC females. Five of eight Sh PTC and only one of eight
Ovx PTC females used place strategy (P , 0.05, x2 ¼ 4.267,
Fig. 2A). One of six Sh PDC females and zero of the six Ovx PDC
animals used place strategy (Fig. 2A). Therefore, both Sh and
Ovx PDC females used response strategy, and ovarian hormones
did not enhance place strategy use in PDC females (P . 0.05,
x2 ¼ 1.09, Fig. 2A). Ovarian hormones did enhance place strategy
use in PTC females. Furthermore, PTC did not enhance place
strategy use in Ovx animals. Similar to males, there was a signifi-
cant effect of training trial on latency to find the platform in
female animals (F(8,189) ¼ 10.32, P , 0.0001, Fig. 2B). Ovarian
hormones or pre-exposure to either context also did not affect
escape latency during training in PTC or PDC females (F(3,189) ¼

0.33, P ¼ 0.80, Fig. 2B). In addition, there was no significant differ-
ence in the average swim speed between groups (F(3,14) ¼ 0.15, P ¼
0.93, one-way ANOVA). The average swim speed for each
group was as follows: Ovx PTC (5+1.5 cm/sec, n ¼ 5), Ovx PDC
(5+1.0 cm/sec, n ¼ 4), Sh PTC (5+1.8 cm/sec, n ¼ 5), Sh PDC
(6+1.5 cm/sec, n ¼ 4). The numbers of animals are lower because

in some cases, speed was not measured. Together, these data
suggest that ovarian hormones and pre-exposure condition did
not influence learning during the training period, but ovarian
hormones did enhance place strategy use in the probe trial in
only PTC mice.

Consistent with previous literature (Martel et al. 2007), we
found that �80% of PTC males favored the use of place strategy.
In addition, 63% of PTC females on proestrus also used place strat-
egy. Ovx female mice used response strategy regardless of the pre-
exposure condition. These results confirm that pre-exposure to
the training and testing context significantly increased the use
of place strategy or reduced response strategy in male mice, while
female mice on proestrus were not significantly different than
chance. Ovariectomy diminished the use of place strategy and
enhanced response strategy use in our study, implicating ovarian
hormones in strategy choice.

Male rats rely initially on a hippocampus-dependent place
strategy, and then switch to a striatum-based response strategy
over training (Packard and McGaugh 1996; Packard 1999). This
suggests that response strategy is incrementally learned with
repeated exposure to the same task. However, a sufficient amount
of time to explore the extramaze cues during or before training
increased place strategy use in male mice (Martel et al. 2007).

Figure 2. The effects of ovarian hormone status and pre-exposure to
the training and testing (PTC) or to a different context (PDC) on strategy
selection of female mice. (A) When pre-exposed to the same context prior
to training and testing (PTC), more gonadally intact female mice at pro-
estrus (Sh, n ¼ 8) used place strategy than response strategy compared
with ovariectomized female mice (Ovx, n ¼ 8, P , 0.05). When pre-
exposed to a context different than the training and testing context
(PDC), gonadally intact female mice at proestrus (Sh, n ¼ 6) and ovari-
ectomized mice (Ovx, n ¼ 6) used response strategy rather than place
strategy. (B) Latency curves show the actual latency to escape to the plat-
form. Two-way ANOVA (non-repeated measures) revealed no significant
differences across training trials in escape latencies between sham and
ovariectomized PTC and PDC mice (P . 0.5), although a significant
effect of trial indicated that mice reduced their escape latencies across
trials (P , 0.0001). Values represent mean+S.E.M.
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In addition, it has been proposed that the presence of an increased
number of salient extramaze cues favors place strategy use in rats
(Restle 1957). Therefore, it is possible that pre-exposing mice to
the learning environment allowed them to build a cognitive
map that facilitated the use of a spatial place strategy. Another
possible advantage of pre-exposure for place strategy use is that
it may reduce the impact of non-mnemonic factors, such as
anxiety, on performance (Cain 1998). Indeed, it was shown that
peripheral injection and infusion of anxiogenic drugs into the
basolateral amygdala biased rats toward the use of response
strategy (Packard 1999; Wingard and Packard 2008; Packard and
Gabriele 2009).

While PTC female mice were not significantly different than
PDC female mice, ovariectomy did reduce place strategy choice
in the PTC mice. An emerging theory proposes that estradiol
modulates cognitive performance via shifts in learning strategy
(Korol and Kolo 2002; Daniel and Lee 2004; Korol 2004;
McElroy and Korol 2005; Zurkovsky et al. 2007). Shifts in strategy
use occurred across the estrus cycle in rats such that the
hippocampus-dependent strategy was favored when estradiol
levels were high (Korol et al. 2004). Similarly, estradiol treatment
in ovariectomized rats increased hippocampus-dependent place
strategy and impaired response strategy use compared with non-
treated ovariectomized females (Korol and Kolo 2002). Our results
showing that the lack of ovarian hormones reduced place strategy
and increased response strategy use in PTC mice are consistent
with these studies.

In summary, we present a new design to a traditional dual-
solution land plus-maze. One issue with the land maze version
of the task is that it requires food deprivation. The possible
increase in the appetite as a result of ovariectomy (Wade 1975)
or disruption in the estrus cycle in response to food deprivation
(Daniel et al. 1999) could confound the results in females in tasks
that present food reward. In order to avoid these confounds, we
used a modified version of a water-escape plus-maze (Packard
and Wingard 2004). In this design, compared with the water-
escape plus-maze, the clear Plexiglas maze itself is filled with
water, instead of placing the plus-maze into a water maze, allow-
ing a better view of extramaze visual cues. However, unlike rats,
mice tend to be prey animals when in the water; therefore they
are highly motivated to escape the water (Francis et al. 1995;
Van Dam et al. 2006). Consequently, the stressful nature of the
task prevents mice from utilizing the spatial cues as efficiently
(Frick et al. 2000). Therefore, we pre-exposed the mice to the
maze while it was dry, allowing them to build a cognitive map
before they were released in water. The water plus-maze is impor-
tant not only for the design of future studies, but also for the eval-
uation of previous studies that investigated learning strategies
using tasks dependent on food deprivation.
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