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Abstract

Social recognition memory underlies many forms of rodent interaction and can be easily tested in
the laboratory. Sex differences in aspects of this memory have been reported among young adults,
and some studies indicate an age-related decline among male rats. In contrast, neither the impact of
natural fluctuations in ovarian hormones nor the performance of aged female rats on social
recognition memory has been previously evaluated. In experiments 1 and 2, the social recognition
memory of young adult female Long-Evans rats (age 3-5 mos.) was compared during proestrus and
estrus, and performance was found to be stable across estrous cycle phases. In experiment 3, the
social recognition memory of young adults as compared to aged (16.5-19.5 mos.) rats was tested
using the social discrimination procedure, following delays of 15, 45, 90 or 120 minutes. The
estropausal status of aged female rats was tracked during the experiment but was not found to
influence memory ability. Males of both ages investigated juveniles (both novel and familiar) more
than did females, although despite this difference, both sexes demonstrated robust memory.
Interestingly, only young adult females were capable of demonstrating memory following the longest
delay. Collectively, our findings indicate that the pattern of age-related changes in social recognition
memory is subtle and that aging does not greatly alter the behavioral sex differences observed among
young adults.
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Introduction

Sacial recognition memory is the ability to recognize familiar conspecifics and is critical for
many forms of social interaction including reproduction, establishment of dominance
hierarchies, and pair bond formation in monogamous species. In rodents, social recognition is
made on the basis of chemosensory cues present in the anogenital area, which collectively
compose an “olfactory signature” [1]. The social recognition ability of rodents can be observed
in the laboratory by measuring the reduction in the amount of time spent investigating the same
individual across repeated exposures. Tested in this way, females demonstrate sustained
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memory over much longer delays compared to males, despite the fact that they engage in less
initial investigatory behavior [2,3].

Behavioral differences between male and female rodents in social recognition memory rely in
part on sexually dimorphic neural pathways, including the extrahypothalamic systems of the
neuropeptides arginine-vasopressin and oxytocin [4,5]. For instance, the density of
vasopressinergic projections from the bed nucleus of the stria terminalis (BNST) and the medial
amygdala to the lateral septum is greater in males compared to females [6]. This sex difference
can be abolished by either neonatal castration of males or by neonatal administration of
testosterone to females, reflecting the organizational role of androgens in this pathway [7].
Testosterone can also exert an activational effect on this system, since the density vasopressin
fibers from the BNST gradually decreases following castration of adult males, and can be
restored by testosterone administration [8]. Male social recognition is highly dependent on
vasopressin; memory for a juvenile is blocked following administration of a vasopressin
receptor antagonist [9,10], an effect which is not observed if the male has been castrated [11].
In contrast, females' ability to demonstrate social recognition memory is unaffected by blocking
of vasopressin signaling [2].

Sex differences in performance on other tests of memory, such as object recognition and spatial
working memory, have been consistently reported in young adult rats [12,13]. Interestingly,
the pattern of age-related decline on some of those tests is also sexually dimorphic [14-17].
Some studies [18-21], but not all [22], have found that social recognition memory declines
with age in male rats. It is not known if a gender-specific age-related decline is evident in social
recognition, as the social recognition memory ability of aged male and female rats has never
been compared. In fact, to our knowledge, no previous study has examined aging of social
recognition memory in females rodents.

The comparison of young and aged animals of both sexes within the same study is ideal;
however, because replacement estrogen to ovariectomized female rats influences some aspects
of social recognition memory [23] and because certain types of memory have been found to
fluctuate across the rat estrous cycle [e.g., 24,25], it was first necessary to determine whether
social recognition memory ability fluctuates across the rat estrous cycle (experiments 1 and
2). During reproductive senescence, aging female rats undergo a loss of cyclicity but (in
contrast to humans) continue to maintain constant, moderate levels of ovarian hormones [26,
27]. Around 12-14 months, females enter one of two “estropausal” states; typically, they
alternate between them for some months before settling in one or the other and then (if they
live long enough) become anestrus. We have shown that persistent diestrus (PD) females have
significantly more plasma progesterone than persistent estrus females, whereas there is a trend
for plasma estrogen levels to be higher among persistent estrus (PE) females [27]. The
differences in hormonal profiles between these states merited their being tracked during
experiment 3.

When testing the social recognition memory of aged rodents, the standard habituation-
dishabituation procedure may not be appropriate. For instance, although aged male rats
appeared to show intact memory, as indicated by a reduction in investigation of a familiar
conspecific across repeated exposures (habituation), they actually failed to return to high levels
of investigatory behavior when a second, novel conspecific was subsequently introduced
(failure to dishabituate) [18]. This issue could potentially be avoided if aged animals were
tested using the social discrimination procedure, in which the familiar and novel juveniles are
presented simultaneously, rather than on separate trials. The social discrimination procedure
has a number of advantages: the number of trials is cut in half, each trial contains its own
internal control, and the sexual and aggressive behavior of adult males during testing is greatly
reduced [28]. Therefore, experiment 3 was designed to determine whether the sex differences
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previously observed using the standard habituation procedure are present when using the social
discrimination procedure, and if so whether these would be preserved during aging or if, as
with other tests of memory, there are sex differences in the pattern of aging of social recognition
memory.

Experiment 1: Social recognition memory of young adult females

Methods

Results

Subjects—Subjects were young adult female Long-Evans rats (aged 3-5 months), descended
from Simonsen Laboratory (Gilroy, CA) stock. Animals were single housed in standard clear
Plexiglas laboratory cages, with food and water available ad libitum. The vivarium was
maintained on a 12-hr light-dark cycle with the lights on at 0700. The estrous cycle phase of
the subjects was monitored across the experiment via daily vaginal lavages (always in the
afternoon). Beginning at weaning (24-25 days), animals were handled weekly until
experimental training began, at which time females were lavaged daily.

Vaginal Lavages—Vaginal lavages were collected daily and viewed by low power light
microscopy [27,29]. All vaginal cell samples were obtained and classified by the same
investigator. Diestrus smears consisted of primarily lymphocytes, in combination with a small
number of nucleated epithelial cells and cornified epithelial cells; proestrus smears consisted
of primarily nucleated epithelial cells; and estrus smears consisted of primarily cornified
epithelial cells.

Social Recognition Test—Adult female subjects were introduced to a juvenile (21-27 days)
in their home cage and allowed to investigate it until either 5 minutes had elapsed or 30s had
passed during which time the subject did not investigate the juvenile. After a 100 minute delay,
the subject was presented with either the juvenile it had previously investigated (familiar
juvenile) or a juvenile that it had never investigated (novel juvenile). Time spent investigating
the juvenile was recorded for both the introduction and the recognition portions of the
procedure. Investigation was considered to be any olfactory investigation of the juvenile by
the adult subject, but consisted predominantly of olfactory investigation of the ano-genital area.
In order to determine whether the sex of the juvenile influenced the adult females' behavior,
12 females were exposed to male juveniles, and a separate group of 7 females were exposed
to female juveniles. In this repeated measures design, each female was tested during both
proestrus and estrus, and the performance was compared within-subjects.

Statistical Analysis—Data obtained from subjects that were exposed to male juveniles and
the data from subjects exposed to female juveniles were analyzed separately. A one-way
repeated measures analysis of variance (ANOVA) was conducted (with estrous cycle phase
run as the repeated measure) to examine the effect of estrous cycle phase on the amount of
time spent investigating the male juvenile during the introduction. A 2 x 2 (cycle phase
(proestrus vs. estrus) x trial type (familiar vs. novel juvenile)) repeated measures ANOVA was
conducted on the amount of time spent investigating during the recognition phase of the
procedure. p<.05 was considered significant.

There was a trend towards females investigating the male juvenile less during proestrus than
during estrus (F1 11=4.4, p<.06; proestrus: 22 +/-2.5 seconds, estrus: 33 +/-4.2 seconds).
Although the juvenile males were not sexually mature, it was observed that the adult females
in proestrus responded to them with both proceptive and receptive (lordosis) sexual behavior.
Perhaps for this reason, adult females did not demonstrate recognition of juvenile males
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(F1,11=.67, p=.4). Neither was there an effect of cycle phase (F1 11=1.4, p=.3) or an interaction
between trial type and cycle phase (F1 11=1.1, p=.3).

When adult females were exposed to juvenile females, they spent less time investigating on
the introduction during proestrus than during estrus (F1 §=8.7, p<.03) (figure 1A). Adult
females successfully demonstrated recognition memory for juvenile females; novel juveniles
were investigated more than familiar (F1 6=15.9, p<.01) (figure 1B). Estrous cycle phase did
not influence this memory, as there was no effect of cycle phase (F1 =.05, p=.8) and no
interaction between trial type and phase (F1 §=.005, p=.9).

Experiment 2: Social recognition memory of young adult females:
introductory exposure held constant

Methods

Results

The results of experiment 1 indicated that, although the degree of memory exhibited on
proestrus was equivalent to that on estrus, proestrus females accomplished this after
significantly less exposure to the juvenile during the introduction. One possible interpretation
of this data is that social recognition memory is more efficient during proestrus compared to
estrus. In the following experiment, therefore, we asked whether social recognition memory
would be superior during proestrus compared to during estrus if the amount of investigation
during the introduction was held constant.

Subjects—16 adult females were tested in this study. Because the results of experiment 1
showed that adult female rats do not show recognition of juvenile males in this paradigm, only
juveniles females were used in this study. Housing, handling, and daily lavaging procedures
were otherwise identical to experiment 1.

Social Recognition Test—Adult females were exposed to a juvenile female and were
allowed 15 seconds of total investigation before being removed from the home test cage and
placed in a separate cage with fresh bedding (to avoid exposure to the juvenile's scent during
the delay period). It has been shown that such a cage change does not disturb the social memory
of Long-Evans rats [30]. Total investigation included direct investigation of the juvenile
(predominantly olfactory investigation of the ano-genital area) as well as investigation of
juvenile-exposed bedding. Pilot trials indicated that, with this limited exposure on the
introduction, adult females do not demonstrate memory for the familiar juvenile 100 minutes
later (the delay period used in experiment 1). Therefore, recognition was tested 60 minutes
following the introduction.

Statistical Analysis—A one-way repeated measures ANOVA was conducted (with estrous
cycle phase run as the repeated measure) to examine the effect of estrous cycle phase on the
amount of time spent investigating the juvenile during the introduction. A 2 x 2 repeated
measures ANOVA (estrous phase (proestrus vs. estrus) x trial type (familiar vs. novel juvenile)
was conducted on the amount of time spent investigating the juvenile during the recognition
phase of the procedure. p<.05 was considered significant.

Young adult females required equivalent amounts of time to achieve 15 seconds of
investigation during the introduction whether in proestrus or estrus (figure 2A). Novel juveniles
were investigated more than familiar (F; 15=42.8, p<.001), indicating significant social
recognition memory (Figure 2B). However, there was no effect of cycle phase (F1 15=.12, p=.
7) and no interaction of cycle phase and trial type (F1 15=.66, p=.4).
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Experiment 3: Aging of social recognition memory: influence of sex

Methods

Subjects—Subjects were 42 Long-Evans hooded rats, descended from Simonsen Laboratory
(Gilroy, CA) stock, of the following sexes and ages: young adult (3-5 months) males (n=10)
and females (n=10) and aged (16.5-19.5 months) males (n= 6) and females (n=16). Aged
females included in the study were in one of three reproductively senescent states (determined
by daily vaginal lavages, see below): persistent estrus (n=7), persistent diestrus (n=4), or
irregular noncyclicity (n=5). Aged rats of both sexes had been used as breeders in the
Department of Psychology's animal care facility (retired around 12 months of age).

Animals were housed in standard clear Plexiglas laboratory cages. All males were housed in
the same room as the young females, and all aged females were housed in a separate, female-
only room. Food and water were available ad libitum to all subjects, and both colony rooms
were maintained on a 12-hr light-dark cycle with the lights on at 0700. All animals were handled
on an average of once a week (beginning at the time of retirement from breeding for aged
animals) until experimental training began, at which time females were lavaged daily and males
were handled in a comparable fashion.

Vaginal Lavages—Vaginal lavages were collected daily (each afternoon) for all female
subjects as in experiment 1. Among the aged females, those whose vaginal samples
demonstrated a predominance of cornified cells (60% or more, as in young estrus) for a
minimum of ten consecutive days were considered to be in a state of persistent estrus. Aged
females whose vaginal samples demonstrated a predominance of lymphocytes mixed with a
variety of other cell types (as in young diestrus), for a minimum of ten consecutive days were
considered to be in a state of persistent diestrus. We have shown that females in persistent
diestrus have significantly more plasma progesterone than those in persistent estrus, whereas
there is a trend for plasma estrogen levels to be higher among persistent estrus females [27].
Aged females whose vaginal samples indicated an alteration between these two states were
classified as irregularly noncyclic.

Social Discrimination Procedure—During the introduction, which took place in the
animal's home cage, adult subjects were presented with a same-sex juvenile (21-27 days old)
and were allowed to investigate until investigation had been engaged in for a total of 30s. The
amount of time elapsed before reaching 30s of direct investigation during the introduction,
which may indicate the subject's degree of interest in the juvenile, was recorded. At this time,
the subject was removed from its cage and placed in a clean cage with fresh bedding, to ensure
that access to the juvenile's scent was not possible during the delay period. After a delay (see
below), the subject was simultaneously presented with the familiar juvenile (investigated
during the introduction) or a novel juvenile (never before investigated). The amount of time
spent investigating each juvenile was recorded for three minutes. Juveniles' coats had been
colored (at least 20 minutes in advance of testing) with non-permanent, non-toxic markers, so
that the experimenter could keep track of the familiar versus novel juvenile.

Animals were habituated to the social discrimination procedure on three consecutive days, with
one trial (consisting of an introduction, delay (30 minutes), and discrimination) occurring each
afternoon between 1-4 p.m. Testing followed a break of two days during which the animals
were left undisturbed. Testing consisted of four consecutive days of training, with one trial per
day (between 1-4 p.m.). However, the length of the delay was either 15, 45, 90, or 120 minutes.
Each subject was tested with each of the delay intervals once, in a randomized order.
Occasionally, an animal would fail to reach 30s of investigation time after three minutes had
elapsed on the introduction. When this occurred, the delay and discrimination occurred as usual,
but the data was excluded from the analysis and a make-up trial with the appropriate delay
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interval between introduction and discrimination was conducted at the end of testing. All
behavioral procedures were videotaped.

Statistical Analysis—A 2 x 2 (age x sex) ANOVA was conducted on the average amount
of time elapsed before reaching 30s of investigation during the introduction on the 4 test days.
A2 x4 x 2 x2mixed measures ANOVA (discrimination (familiar vs. novel juvenile) x delay
(15, 45, 90, 120) x age (young adult vs. aged) x sex (male vs. female) was conducted on the
amount of time spent investigating during the three minutes of discrimination. In this analysis,
discrimination and delay were run as within-subjects (repeated) factors and sex and age as
between-subjects factors. (Aged females in persistent estrus, persistent diestrus, and those
irregularly cycling were combined into a single group after determining that estropausal state
did not influence any dependent variable, nor did it interact with any other independent
variable). Post hoc analyses including planned comparisons were conducted using the least
significant difference (LSD) method. All analyses were conducted using SPSS statistical
software, and p<.05 was considered significant.

Introduction—Both sex and age influenced the amount of time taken by the subjects to obtain
30s of direct investigation during the introduction (figure 3A). Females took longer than males
(F1,164=29.1, p<.001), reflecting more and/or longer pauses between bouts of investigation
than males. This sex difference was present among both young adults (young females > young
males, p<.001) and aged rats (aged males > aged females, p<.01). There was a trend for young
adult animals to obtain 30s of investigation faster than aged animals (F1 164=3.6, p<.06). This
was primarily due to the significantly less amount of time required by young males when
compared to aged males (p<.04), as there was no difference on this measure between young
females and aged females (p=.73).

Discrimination—Overall, subjects discriminated between the novel and familiar juveniles,
as indicated by a greater amount of time spent investigating the novel juvenile (F1 114=40.9,
p<.001) (figure 3B). As expected, discrimination ability and delay length interacted, with
discrimination worsening with longer delays (F3 114=4.3, p<.01). There was a main effect of
sex, with males spending more time investigating juveniles (both novel and familiar) than
females (F1 33=24.8, p<.001), whereas age did not significantly impact the amount of time
spent investigating juveniles (F1 3g=2.1, p=.16). There was a trend towards an interaction
between discrimination ability and sex (F1 38=3.5, p<.07), and a significant three-way
interaction between discrimination ability, length of delay, and sex (F3 114=3.6, p<.02).

In order to further explore the data and these interactions, a separate 2 x 4 ANOVA
(discrimination (familiar vs. novel juvenile) x delay (15, 45, 90, 120)) was conducted for each
of the four groups. All groups demonstrated the ability to discriminate between novel and
familiar juveniles (young adult females, F1 9=8.6, p<.02; young adult males F1 9=8.9, p<.02,
aged females F1 15=8.7, p<.01; aged males F1 5=11.3, p<.02). Planned comparisons revealed
that after a 15 minute delay, all groups spent more time investigating the novel compared to
the familiar juvenile (young females p<.021, young males p<.035, aged females p<.01, aged
males p<.07). After a 45 minute delay, there was a trend towards significant discrimination for
young females and males (p<.09 for both), an effect which reached significance for both aged
females (p<.02) and aged males (p<.01). The direction of the means was the same for all four
groups after 90 minutes, although the effect only reached significance for young adult males
(p<.02). After 120 minutes, only young females discriminated (p<.001), whereas the other
three groups spent an equal amount of time investigating the novel and the familiar juvenile.
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Discussion

Experiments 1 and 2

The results of experiments 1 and 2 indicate that social recognition memory remains stable
across the female rat estrous cycle. In experiment 1, the degree of memory exhibited was similar
on proestrus and estrus, although the amount of introductory investigation of juveniles was
less on proestrus. This raised the possibility that social recognition memory is more efficient
during proestrus as compared to estrus and that, if the amount of introductory investigation
was held constant across all trials, the subsequent memory ability of females might be shown
to be superior on proestrus relative to estrus. This hypothesis was not supported by the results
of experiment 2, in which introductory investigation time was limited to 15s for each trial but
there was again no difference in memory as a result of cycle phase.

A separate point concerning the relevance of the estrous cycle to performance on this task is
that when testing adult female rats using a social recognition memory paradigm, female
juveniles must be used as stimulus conspecifics. In experiment 1, exposure to sexually
immature, weanling age juvenile males (age 21-27 days) induced proestrus females to engage
in sexual behaviors, including in some instances lordosis. During the recognition portion of
the trial, adult females continued to investigate both novel and familiar male juveniles at the
level of introductory investigation. As a result, the ability of this test to detect memory for the
male juvenile was compromised. Therefore, in experiments 2 and 3, adults were always
presented with same-sex juveniles.

Experiment 3

Our findings show that male rats investigate juveniles (both novel and familiar) more than
females when tested using the social discrimination procedure, confirming a sex difference in
either interest or motivational factors that has been reported for the standard test of social
recognition memory [2,3]. This sex difference is known to rely on circulating testosterone—
males castrated as adults behave similarly to intact females in this regard, and testosterone
administration to either castrated males or adult females results in levels of investigation seen
in intact males [3,31]. Additionally, we have established that young adult females maintain the
ability to discriminate between novel and familiar juveniles for longer intervals than do young
adult males, just as they do in the standard social recognition memory paradigm [2].

Aged subjects of both sexes were competent at discriminating between novel and familiar
juveniles following the shorter delays. One obvious difference between the present study and
earlier ones, some of which have reported age-related impairments in this type of memory for
males, is the use of the social discrimination procedure. Using the standard testing procedure,
others have found that aged males successfully habituated to a familiar stimulus animal but
then subsequently failed to dishabituate to a novel one [18]. By presenting both stimulus
animals simultaneously, it may be that the subject's preference for the novel over the familiar
animal is more easily demonstrated. Alternatively, other methodological differences between
studies, such as the strain and age of the subjects, could also be contributing to discrepancies
in findings. One group that used Wistar rats found that social recognition memory was impaired
beginning at age twelve months [19,20]. Puzzlingly, another study found that habituation to a
familiar juvenile is greater in seven and eleven month old male Wistar rats compared to three
month old adults [22]. The only study apart from the present to use Long-Evans hooded rats
found, as we have, that social memory was largely preserved during aging in male rats of this
strain (although it was more susceptible to the disruptive effects of interference) [32].

Olfactory deficits are among the earliest symptoms of age-related neurodegenerative disorders,
including Alzheimer's disease, Parkinson's disease, and Huntington's chorea; in fact, olfactory
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dysfunction often appears in preclinical individuals and is therefore being advanced as a
predictive measure for neurodegenerative diseases [33,34]. Age-related changes in rat olfaction
have not been well studied and the few published studies have used only male subjects. Some
have found that non-social odor discrimination is impaired in aged Wistar rats, raising the
possibility that observed age-related social recognition deficits may be more sensory than
mnemonic in nature [19,20]. Even within a strain results can differ, however, as another group
compared olfactory sensitivity and non-social odor discrimination ability at various time points
across the Wistar rat lifespan and found that, although olfactory sensitivity was reduced with
age, odor discrimination learning remained intact [35]. Such findings illustrate that, at least
under some circumstances, olfactory sensitivity and olfactory learning can follow distinct age-
related patterns of change.

In general, the performance of aged animals in the present study did not seem to be profoundly
impacted by the aging process. It is tempting to speculate that the neural substrates for social
recognition are relatively more resistant to changes associated with the aging process than those
that underlie performance on tasks that require spatial navigation (which does show marked
age-related declines [36,37]). Some studies may support this interpretation [35,36], but
continued work in this area is necessary.

This is the first time that the performance of aged male rats on the social discrimination
procedure has been tested, and the social recognition memory of aged female rats has never
before been evaluated using any procedure. Aged male rats continued to spend more time
overall investigating juveniles (both novel and familiar) than did aged female rats. However,
the superior memory ability of females was not preserved during aging—unlike young adult
females, aged females were not able to discriminate between novel and familiar juveniles after
120 minutes. Similarly, in a study which tested the spatial working memory ability of aged
rats, aged females were more profoundly impaired than aged males [14]. In contrast, when
spatial reference memory is tested using the Morris water maze, males have consistently
showed greater age-related impairments than females [15-17]. Collectively these findings
indicate that sex differences in the pattern of age-related cognitive decline are dependent on
the type of memory being tested, possibly because different mnemonic abilities rely on different
brain regions which could reflect the aging process in a sex-specific manner.

The neural basis of sex differences in the pattern of age-related cognitive decline has not been
well explored because, until very recently, studies have examined only aged males. Our
previous work has consistently demonstrated sex-specific neuroanatomical changes with age,
and while the pattern of changes is region-specific, overall it appears that the male rat brain is
more affected by the aging process than is the female's. In area CA1 of hippocampus, a neural
region known to play a role in memory, young adult males have larger pyramidal neurons than
do young adult females; however, this sex difference disappears during aging as males show
an age-related loss of dendritic branches but females do not [37]. In the primary motor cortex,
no sex difference exists among young adults, but males lose dendritic spines from pyramidal
neurons with age whereas females do not, resulting in a sex difference favoring females during
aging [38]. Age-related reductions in both dendritic branching and dendritic spine density on
pyramidal neurons in the medial prefrontal cortex were found for both sexes, but with greater
losses for males [27]. The prefrontal cortex is a region that is crucially involved in maintaining
memory across adelay [e.g., 39,40]. Although at this point speculative, itis possible that altered
prefrontal and/or hippocampal neuronal architecture contributes to the reduced ability of aged
animals to demonstrate social recognition memory following a longer delay, as observed in
the present study. Interestingly, in none of these studies have we found a neuroanatomical
difference between aged females of different estropausal states, consistent with the lack of
behavioral differences between these groups found in the present study.
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The relative competence of aged males on this task and the fact they continued to investigate
juveniles more than aged females was initially somewhat curious, given the established
dependence of these performance variables on circulating testosterone in males [3,31], and that
testosterone levels are reduced in aged male rats [41]. However, among young males the effect
of castration on social recognition memory is temporary—7 days following surgery, males
were impaired, but 14 days postoperative they were not [11]. In the same study, a vasopressin
antagonist was no longer able to impact social recognition memory castrated males, even after
their ability to perform on the task returned. The authors argue that, following castration, males
undergo a gradual shift from relying on a vasopressin-dependent neural circuit (whose function
relies on testosterone) to a vasopressin-independent neural circuit (such as that employed by
females [2]). Thus it remains possible that when aging male rats first begin to experience a
decline in testosterone, they also experience a concomitant decline in social recognition
memory, but that they subsequently gradually regain competency on the task. Alternatively,
the age-related decline in testosterone (about 25% in Long-Evans rats [41]), may not be
sufficient to impact social recognition memory.

Finally, the performance of aged female rats did not significantly vary according to estropausal
status. On a test of spatial reference memory, the performance of females in persistent estrus
is superior to that of females in persistent diestrus [17]. It is not possible to conclude, however,
that the social recognition memory of aged female rats is unaffected by ovarian hormones.
Female rats do not experience a loss of gonadal hormones during reproductive senescence;
although cyclicity is halted, female rats continue to secrete moderate, constant levels of both
estrogen and progesterone [27]. It is possible that, without the continued presence of ovarian
hormones, female rats would be unable to successfully discriminate following even the shorter
delays. In young adult females, social recognition memory ability is negatively affected by
ovariectomy, and is restored by replacement estrogen [23]. Perhaps a threshold level of
estrogen is required to maintain social recognition memory, and that relatively small
differences in ovarian hormone levels are not sufficient to impact performance. The poor social
recognition memory of young ovariectomized females but the equivalently robust memory of
females in proestrus and estrus reported here are findings that collectively argue in favor of
this hypothesis. Now that the baseline performance of intact aged females has been established,
it will be possible to make meaningful comparisons in future studies between these animals
and those that are ovariectomized and allowed to go through the aging process without ovarian
hormones.

In summary, our findings demonstrate that male rats investigate juveniles (both novel and
familiar) more than females when tested using the social discrimination procedure. Despite
this, young adult females maintain the ability to discriminate between novel and familiar
juveniles for longer than young adult males. These results confirm those obtained using more
traditional tests of social recognition memory. The present study is the first to test the social
recognition memory ability of aged females using any procedure, and to compare their memory
to that of aged males. The sex difference in absolute amount of investigation still holds for
aged animals, however, the superior memory of females following longer delays is not
preserved during aging. Apart from this finding, social recognition memory ability does not
seem to be greatly impacted by aging in either sex.
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Estrus

Experiment 1 (n=7). A Young adult females spent less time investigating when introduced to

a juvenile female during proestrus compared to estrus (*p<.03).

B. Young adult females (n=7)

demonstrated equivalently robust social recognition memory of juvenile females during
proestrus and estrus (*main effect of familiarity p<.01). Time spent investigating during the
recognition portion is presented as a proportion of time spent investigating during the

introduction.
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Figure 2.

Experiment 2 (n=16). A. Estrous cycle phase did not influence the amount of time taken by
young adult females to achieve 15 seconds of investigation when introduced to a juvenile
female. B. When investigation of the juvenile during the introduction was held constant at 15
seconds, young adult females still demonstrated equivalently robust social recognition memory
during proestrus and estrus (*main effect of familiarity p<.001).
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Figure 3.

Experiment 3 (n=42; young adult males (n=10) and females (n=10), aged males (n=6) and
females n=12). A. Both sex and age influenced the amount of time taken by animals to obtain
30 seconds of investigation when introduced to a juvenile of the same sex: females took longer
than males (p<.001) and aged animals took longer than young adults (p<.06). * males<females
of the same age (p<.01 for both). 1 young males < aged males (p<.04). B. Social recognition
memory of young adult and aged animals of both sexes, as tested by the social discrimination
procedure (main effect of familiarity p<.001). Males spent more time investigating juveniles
(both novel and familiar) than did females, regardless of age (main effect of sex p<.001).
Discrimination between novel and familiar juveniles worsened with longer delays (main effect
of delay p<.01). The ability to discriminate interacted with both delay length and sex (p<.02),
with all groups capable of discriminating at the shortest delay but only young adult females
able to discriminate at the longest delay (see text for details). *over white bars indicates
significant novel>familiar comparison following the indicated delay. +over white bars
indicates a statistical trend towards novel>familiar comparison following the indicated delay.
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