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Recognition memory tasks in neuroendocrine research
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Abstract

The recognition memory tasks, novel object and novel object location, have been beneficial to
neuroendocrine research concerning the effects of gonadal and adrenal hormones on cognitive
function. This review discusses the advantages of these tasks in comparison with other learning
and memory tasks. Experiments conducted across a number of laboratories show that gonadal
hormones, both estradiol and testosterone, promote memory while the adrenal hormone,
corticosterone, impairs memory. The effects of these steroid hormones on spine density in the
prefrontal cortex and hippocampus are also briefly presented. Overall, results show that these
steroid hormones are potent modulators of memory consolidation in rodent models.
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1. Introduction

Use of the recognition memory tasks, novel object and novel object location, have been
beneficial to neuroendocrine research concerning effects of gonadal, adrenal and other
hormones on cognitive function. Hormones, in comparison to most drugs, exert wide
ranging effects in brain areas and can affect psychological performance parameters like
affective state, sensory-perception and motor activity. Thus, delineating hormonal effects on
performance parameters from mnemonic effects in cognitive tasks is often difficult. Since
recognition tasks do not rely on either positive or negative reinforcements, the influence of
psychological performance parameters is greatly lessened. In addition, the tasks can be
applied in a post training paradigm which measures memory consolidation. The current
review focuses on use of recognition memory tasks to demonstrate that gonadal and adrenal
hormones are potent modulators of memory in rodent subjects and provides some
information on the mechanisms for the changes.
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2. Application of recognition memory tasks

2.1. Rational for use

In order to mitigate possible confounding influences of task requirements, experience,
reinforcements and psychological performance variables in assessing hormonal effects on
memory, our lab and others have adopted the use of recognition memory tasks to investigate
hormonal effects on learning and memory (1-3). Most memory tasks utilize positive (food or
water) or negative (shock or fear of drowning) reinforcements which can influence
performance. Hormones can influence performance parameters like affect (arousal, anxiety,
mood motivation), regulatory mechanisms (thirst, hunger, body weight, composition,
temperature), sensory-perception (vision, audition, olfaction, gustation, touch, attention,
proprioception, nociception) and motor ability (activity, balance, skill) (4). Thus, tasks with
positive or negative reinforcements are sensitive to effects of psychological performance
parameters. Recognition memory tasks instead utilize the curiosity, novelty seeking and
exploratory nature of most rodents. Rats will readily explore new or novel objects and are
more likely to explore a new object or an object in a new location than one previously
explored previously. Instituting a delay period between the first exploration of an object and
when subjects are presented the same, known object and a new object, allows for assessment
of memory for the known object. In addition, recognition memory tasks require minimal
learning which allows for measuring hormone effects on memory without confounding
effects of learning. However, possible changes in some performance parameters such as
anxiety and motor activity cannot be ruled out in performance of recognition tasks. The
contribution of these parameters can be assessed during the task itself (see below) and by
use of other tasks such as open field and elevated plus maze to independently assess the
effects of a specific treatment on anxiety and activity (5). A further caveat is that hormones
may increase the preference for novelty, not mnemonic processes. This possibility cannot be
ruled out for chronic hormone treatments, but acute, post-training applications of estradiol,
either subcutaneously or directly into the hippocampus, indicate that estrogens enhance
memory consolidation (see section 3.2).

2.2 Protocols

Variations in protocols for recognition memory tasks exist. We conduct recognition memory
tests as shown schematically in Figure 1. Rats are allowed three minutes to explore two
identical objects on an open field in the sampling or training trial (T1). After 1 to 4 h,
subjects are returned to the field for testing in the recognition/retention trial (T2). As shown
in the bottom portion of Figure 1, one of the identical objects can be replaced with a new
object, which is termed the object recognition (OR) task or one object can be moved to a
new location, which is termed the object placement (OP) task. Object placement is a spatial
memory task like radial arm maze and Morris water maze (6). In both tasks, the time spent
exploring at the new object/location and at the old object/location is recorded. Spending
significantly more time exploring at the new object/location as compared to the old object/
location indicates that the rat discriminates between old and new configurations, i.e.
remembers the old object/location. If subjects spend similar amounts of time exploring the
new object/location and old object/location, poor memory function is indicated. Recognition
memory results can also be reported using an exploration ratio (time exploring new/time
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exploring old + new) where a ratio of 0.5 indicates chance (poor memory) and ratios higher
than 0.5 indicate that subjects remember and significantly discriminate between the objects
or locations. Ratios less than 0.5 indicate perseverative behavior, seeking the known.
Perseveration is rare in young adult rats, but is present in aged rats and mice [8,64]. We also
utilize extensive habituation of subjects to the task before testing in order to eliminate
effects of acute stress and anxiety. Subjects are first allowed to explore the field without
objects for 5 min., and then objects are placed on the field and subjects receive object
recognition trials with 1 min, 1 h and 2 h inter-trial delays. The following week, object
placement tests with 1, 2 and 4 h delays are given. New objects are used in all trials, and we
also give vehicle injections during some trials in order to habituate to this acute stress.
Testing, with 4 h delays, begins either the day following the last habituation or three days
later in order to account for weekends.

Performance on the tasks

It is our experience that most adult rats are able to readily discriminate in object recognition
with a 4 hr inter-trial delay (5, 7-11), and others show significant discriminations up to 24
and 48 h (12,13). Object placement, on the other hand, appears more difficult for rodents,
and significant discriminations after delays longer than 4 h are not common (14).
Differences in task demands may account for performance differences between the two
versions of the task. Cognitive load for spatial memory in object placement is greater than
non-spatial object recognition (15, 16). Objects can be encoded and discriminated through
multiple sensory modalities (eg vision and tactile) and using a variety of cues such as the
size, shape, color and textures while discrimination of location of objects involves abstract
categorizations and use of “cognitive maps”. The type of objects used and the size of the
field may also impact on the ability of subjects to discriminate (7).

It should also be noted that sex differences are found in ability to perform object placement
but not object recognition and should be taken into account in experimental designs. As
shown in Figure 2, males significantly discriminate between objects at old and new locations
at 1, 2 and 4 h inter-trial delays while females can only typically significantly discriminate at
a 1 h inter-trial delay. This observation is consistent with better performance of males as
compared to females in other spatial memory tasks such as radial arm maze and water maze
(4, 17). However, treatment of females with hormones such as estradiol (see figure 3)
enables significant discriminations in object placement testing at 4 h inter-trial delays. It
should also be noted that we sometimes find performance differences between cohorts of
subjects such that some males may not discriminate at 4 h and some females may
discriminate at 2 hr. Thus, habituating subjects to the tasks also serves as an opportunity to
assess subjects' abilities in order to plan experiments.

3. Estrogens enhance learning and memory

3.1 Chronic Treatments with estrogens

My laboratory and others have documented cognitive changes in female rodent models in
relation to gonadal hormone status including ovariectomy, estrus cyclicity, pregnancy and
multiparity, estrapause and aging (18-22). Earlier studies utilized spatial memory tasks such
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as radial arm maze, Morris water maze and T- maze to show that estradiol administration
improves performance of ovariectomized rats (23-27). Differences in performance of tasks
were also found across the estrous cycle (28-32), and estradiol enhances memory in object
recognition and placement in OV X rats when it is given in a paradigm that simulates the
levels and secretion pattern during diestrous and pro-estrous morning (33). It should be
emphasized that changes are small and not all studies reported positive effects, but at this
time, the preponderance of studies report estradiol enhances learning and memory. It is
important to note whether studies examined learning vs memory as differential effects of
estrogens have been reported (See ref. 20 for discussion). In addition, effects of estradiol on
response learning, mediated by the striatum, have not been well studied, but estradiol may
impair this type of learning in females (34,35). The dose and the duration of estradiol
treatment is also critical because effects do not always follow a traditional dose-response
curve (16) and higher doses sometimes cause impairments in performance of some memory
tasks (18). Moareover, the history of the subjects is important as environmental enrichment
can mitigate estrogenic effects (20). Nonetheless, there was still some concern that
enhancements in cognition derived from indirect effects of estradiol on performance
parameters and not on mnemonic processes. The application of recognition memory tasks
was invaluable in further evaluating this idea.

We gave estradiol benzoate (long acting form of estradiol) or vehicle to ovariectomized rats
via SC injection (50 ug/kg) for two days and assessed object recognition or object placement
memory 48 h after the last estradiol injection (5). As shown in Figure 3A, treatments did not
alter exploration of objects in the sample trial. The lack of differences in exploring the
objects suggests that estradiol did not alter overall activity or anxiety for object exploration.
In contrast, during the recognition trial, estradiol treated rats had significantly higher
exploration ratios than vehicle treated rats, approximately 0.50 vs 0.72. Thus, estradiol
treatment appeared to enhance memory. Nonetheless, it might still be argued that changes in
activity or anxiety may have contributed. We therefore tested the same estradiol treatment
regimen for activity and anxiety effects on the open field and for anxiety effects on the
elevated plus maze. No differences between vehicle and estradiol treated rats were noted
suggesting that estradiol, at least at the dose and duration given, did enhance memory (5).
However, hormonal effects on novelty preference cannot be ruled out. Consistent with
estradiol's enhancing effects in ovariectomized females, ovariectomy is associated with a
loss in the ability to significantly discriminate in recognition tasks (36). Interestingly, object
recognition is affected before object placement, 1 vs 4 weeks following ovariectomy.

Chronic effects of estrogens on memory and other estrogen-dependent functions occur
through genomic mediation, and there are currently two known estrogen receptors: estrogen
receptor a (ERa) and estrogen receptor B (ERB). Which of the receptors mediates the
changes in recognition memory was assessed using the ERa specific agonist PPT and the
ERP specific agonists DPN and C19. Given in the same regimen as estradiol, only the ERp
agonists enhanced object recognition and object placement. Similar results have been
reported by others (37,38); however, other studies indicate that both receptors may mediate
changes in memory (14,39,40). Thus, it remains unclear at this time whether one or both of
the estrogen receptors mediate chronic changes in memory function.
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3.2. Acute Treatments with Estrogens

Substantial evidence now exists that estrogen receptors are also present outside of the cell
nucleus in membranes on the cell body, axons, spines, presynaptic terminals and near post-
synaptic neurotransmitter receptors (41-43) in a number of brain regions including the
medial PFC and the hippocampus. Thus, it is possible for rapid effects of estrogens mediated
through signal transduction pathways in these brain areas important for cognition. Several
laboratories have investigated whether estrogens might rapidly activate learning and
memory processes. For these studies, we adopted the post training protocol for assessing
memory as advanced by McGaugh and colleagues (44). In this protocol treatments are given
after subjects acquire information such as having explored objects in recognition tasks (T1
Trial) or searched for the submerged platform in water maze tasks. Following the training
trial, new information requires consolidation, and drugs or hormones could influence
memory storage processes during the immediate period following training. It was found that
subjects receiving injections of some drugs like amphetamine or noradrenergic agonists
showed better retention of information from the training trial (44). Moreover, the post-
training injections had a time dependency, only treatments given within 1-2 h after training/
sampling trials enhanced memory. Treatments given later in the inter-trial delay were
ineffective. Thus, an important advantage of post training protocols is that consolidation
enhancements after immediate, but not delayed, post-trial injections rule out the possibility
that drug or hormonal enhancing effects derive from non-mnemonic effects during learning
since the drugs are given after the learning trial (44). Work by several labs using post-
training injections in recognition memory tasks shows that estradiol enhances consolidation
of memory (5,9,11-14,45,46). Figure 4 shows that diethylstilbestrol (DES), a synthetic
estrogen, enhances object recognition when given 30 min before the sample trial and
immediately following the sample trial but not when given 2 h after the sample trial. Thus,
DES enhances memory consolidation. The dose-response curves for the estrogen effects are
inverted U curves consistent with membrane mediated effects, and lower doses of estradiol
require administration within 45 min after T1 (16). Other studies show that immediate, post-
sample trial enhancements in OR in OV X mice are present 48 h following estradiol (See 46
for details). In addition, 17p-estradiol-cyclodextrin (does not pass through cell membranes)
applied directly to the dorsal hippocampus enhances object memory suggesting that
estrogenic activation within the hippocampus is sufficient to enhance memory for objects in
a post sample trial paradigm (12-14). Packard et al (45) reported that post training injections
of estradiol, either IP or intra-hippocampally, enhanced Morris water maze performance 24
h later.

3.3. Effects of Estrogens on Spine Density

Both chronic and acute treatments with estradiol are associated with increased dendritic
spine densities in the prefrontal cortex and CA1 subfield of the hippocampus (11,21,22,47).
Ovariectomized rats were given a sample trial for recognition memory testing, immediately
injected with vehicle of 20 pg/kg of 17p and sacrificed 30 min later. Spine densities were
measured after Golgi impregnation (Figure 5). In CA1, estradiol administration increased
basal spine density by 29% compared to control ovariectomized rats but did not alter apical
spine density. Spine densities in the dentate gyrus were not altered by estradiol
administration. In the PFC, treatment resulted in a 27% increase in basal dendrites and a
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16% increase in apical dendrites. Thus, estradiol leads to a rapid and large increase in spine
density in both areas known to be important for memory function and at a time when
memory consolidation is known to occur. Therefore, increased spine density may contribute
to enhancements in memory consolidation by estrogens.

Overall, experiments show that estrogen enhances recognition memory after chronic
treatments. In addition, estrogens also rapidly enhance memory consolidation of recognition
memory tasks and other memory tasks within approximately one hour. Use of recognition
memory tasks has been critical in establishing that estradiol acts on mnemonic processes to
enhance memory.

4. Effects of Androgens

Androgens have not been as extensively investigated in relation to cognitive function as
estrogens, but several studies show that castration impairs and chronic treatments with
testosterone propionate to castrate rats enhance radial arm maze, Y-maze and T-maze
performance (48-51), but, as in females, dose and duration of dose appear critical, and
effects maybe different on learning vs memory. For recognition memory tasks, our results
are similar to Aubele et al (52); we found that castrated rats did not significantly
discriminate between old and new locations (Figure 6) or between old and new objects.
Castrated rats, treated in a regimen like ovariectomized rats (see 3.1), received testosterone
(500 ug) or estradiol benzoate (50 ug/kg) for two days and were tested two days later.
Testosterone treated, but not castrated vehicle or estradiol benzoate treated male rats, could
significantly discriminate between locations in the object placement task. Thus, testosterone
enhances recognition memory in males, but more studies at different hormones doses and
treatment intervals need to be conducted to substantiate these and other reported results.

5. Effects of Corticosteroid

The deleterious nature of chronic stress, characterized by sustained increases in the adrenal
steroid corticosteroid in rats (cortisol in humans), has been documented in animal models
and humans and includes, but is not limited to, fatigue, myopathy, ulcers, decreases in
immune function and impaired cognitive function. My lab was the first to report that 21 days
of restraint stress for 6 h/day impaired the performance of male rats on the radial arm maze
(53). Stressed males made significantly more errors, fewer correct choices and earlier
mistakes in completing the eight arm choices than unstressed males. Stress dependent
impairments in these and other spatial memory tasks in males have now been reported. For
example, Conrad et al (54) reported that 21 days of restraint stress impaired spatial memory
on the Y-maze and Kitraki et al (55) demonstrated that male rats were impaired on the water
maze following 21 days of daily restraint. These results remained somewhat questionable for
some investigators because it was possible that the debilitating effects of stress might have
contributed to the poor performance of the stressed rats on the strenuous radial arm maze
and water maze and that the subjects were not cognitively impaired. Thus, as in the gonadal
hormone studies, we applied recognition memory tasks to rats that were given daily restraint
stress for 21 days. Experiments were conducted in both males and females. First, exploration
times during the sample trial were not significantly different between control and stressed
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rats (data not shown; 8). As shown for the recognition trial of object placement in Figure
6A, control males significantly discriminated between the old and new locations with an
exploration ratio of approximately 0.62 while stressed males did not. Consistent with results
seen in Figure 2, control females did not significantly discriminate in the object placement
task with a 4 h delay, but unlike stressed males, stressed females significantly discriminated
between locations, an exploration ratio of approximately 0.60. Thus, results in males after
stress in this spatial task were consistent with results of previous spatial tasks; stress is
associated with impaired learning and memory. The results of stress in females were novel,
but enhancements in memory following chronic stress have since been confirmed in the
water maze, radial arm maze and Y-Maze (17). Interestingly, stress decreased anxiety in the
males and increased it in the females (8,17). Thus, neither activity nor anxiety changes
appear to contribute to the stress-dependent changes in recognition memory.

A somewhat different pattern of effects after stress emerged in object recognition (Figure
6B). As expected, control males and females significantly discriminated between old and
new objects. Stressed males did not discriminate between old and new objects, but stressed
females did. Thus, as in object placement, effects of stress are different in females as
compared to males. It is beyond the scope of the current review, but circulating (17) and
intra-neurally derived (56) estradiol appears to protect females against the deleterious effects
of chronic stress.

Conclusions

Application of the recognition memory tasks, object recognition and placement, have been
invaluable in neuroendocrine research. Experiments conducted across a number of
laboratories show that gonadal hormones promote memory while adrenal hormones impair
memory. In the future, use of hormonal manipulations along with these tasks may help to
unravel the basic mechanisms involved in the acquisition, consolidation and retrieval of
memories.
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Recognition Memory Tasks

a
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Object Recognition

Trial Delay 1-4 h

T1 - Sample/Training Trial
Explore objects 3 min

Place Recognition

T2 — Recognition/Retention Trial — Explore Objects for 3 min

Figure 1. Schematic of recognition memory task protocols
A rat is shown on the open field with objects. Reprinted with permission from Frontiers in

Neuroendocrinology (45).
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Figure 2. Sex differences in object placement

Bars represent the mean time (+ S.E.M.) exploring the object at the old and new locations
for male and female rats in the recognition trial (T2) for inter-trial delays of 1, 2 and 4 h.
ANOVA showed a significant difference in time spent at the locations (old and new) and a
significant interaction, sex x object effect. ** P < 0.01, * P < 0.05 (paired t-test) within each

group. Data adapted from Bisagno et al (10).

Behav Brain Res. Author manuscript; available in PMC 2016 May 15.




1duosnuen Joyiny

1duosnue Joyiny

Luine Page 14

. Sub Chronic EB Treatment
Sub Chronic EB Treatment Recognition Trial (T2)
Sample Trial (T1)
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Figure 3.

Effects of sub chronic EB treatment on object and place recognition.

A. In the sample trial (T1), exploration times (+ S.E.M.) for the object and place tests are
shown in vehicle- and EB-treated subjects (n=9/group). No significant differences. (B) In
the recognition trial (T2), given 4 h post T1, entries are ratios (new/old + new) (x S.E.M.) of
time spent exploring each object and objects in each location for vehicle- and EB-treated
subjects. Dotted line at 0.5 indicates spending the same amount of time exploring new and
old objects or locations. *** p < 0.001 (paired t-test within each group of old vs new).
Figure reprinted with permission from Neurobiology of Learning and Memory (5).
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OF MEMORY

Sample Trial lh  2h  3h  4h Retention Trial
g L | s

i i i

Pre-T1 Injection Post-T1 Injection Delayed-T1 Injection
(SOmAinbefore T1) (immediaterAafter T1) (2 h after T1)

D

Exploration Time (sec)

L}
DES Pre T1 B DES Post T1 C DES Delayed Post T1
ke 10 *%
- e 84
> -
8 | o 8 §
g 2 O] [
6 = E
c L 44
4 2 4 5
8 %
2 % 2-i § i
o] 3
0 0- u oA
oLD NEW oLD NEW oLD NEW

Figure 4.
Timeline for memory consolidation and effects of DES given before and after sample trial

on consolidation.

Work by McGaugh (42) has shown that memories are consolidated during the first 1-2 hours
following a sample or training trial. Drug or hormone treatments can enhance or impair
memory during this window for treatment even when retention is tested up to 48 hours later.
If treatments are given later than 2 h post T1, they do not affect memory consolidation.

A. DES, 15 ug/kg, was given 30 min before T1, and object recognition was enhanced 4 h
later. B. DES, 15 ug/kg, was given immediately after T1, and object recognition was
enhanced 4 h later.

C. DES, 15 ug/kg, was given 2h after T1, and object recognition was not enhanced 4 h later.
** P < 0.01. Figure reprinted by permission from Frontiers in Neuroendocrinology (45) and
data redrawn from Luine et al (9)
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Increases in Spine Density by E, at 30 min Post T1
15- B OVX
] OVX + E2
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Figure 5.
Acute estrogen treatments increase spine density.

Spine density is shown in areas of brain from Ovx rats given corn oil or 20 ug/kg of
estradiol immediately following T1 and sacrificed 30 min later. Entries are mean £ SEM. **
p <0.01, * p <0.05 (t-test). PFC and CA1 data from Inagaki et al. (11) and DG data from
Lama and Luine, unpublished.
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Figure 6. Effects of castration and gonadal hormone replacement on object placement
A. Male rats were castrated or sham castrated (Control) and 4 weeks later received object

placement testing with a 4 h inter-trial delay. Bars represent the mean time (£ S.E.M.)
exploring the object at the old and new locations. ** P < 0.01 (Paired t-test). B. Castrate rats
received vehicle, estradiol benzoate (EB) 50 ug/kg or testosterone propionate for two days
and tested for object placement two days after the injection. ANOVA F=4.19, P < 0.04. * P<

0.05 (LSD). Luine and Saens, unpublished.
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Figure 7. Effect of 21 days of chronic restraint stress on recognition memory
Male and female rats served as control (MCON, FCON) or received daily restraint for 6

h/day (MSTR, FSTR). A. Object Placement - In the recognition trial (T2), given 4 h post T1,
bars are ratios (new/old + new) (+ S.E.M.) of time spent exploring objects in each location
for control and stressed subjects. Data analyzed by a paired t-test within each group. **P <
0.05, * P < 0.05. Dotted line at 0.5 indicates spending the same amount of time exploring
new and old objects or locations. B. Object Recognition — Subjects tested and analyzed as in

A. Data redrawn from (8).
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