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Abstract

Rodents have been an indispensable tool for the study of the neural mechanisms underlying a variety of emotional, social, and cognitive
functions and dysfunctions. Surprisingly, little is known concerning sex difference in rodent social recognition memory and its sensitivity
to neonatal stimulation. During the first 3 weeks of life, we exposed male and female neonates to a novel cage for 3-min per day while the
matched littermate controls remained in the home cage. At 7 weeks and 7 months of age, we measured frequencies of social investigation
over repeated social exposures and found that males showed greater habituation in social investigation than females during both juvenility
and adulthood and that neonatal novelty exposure affected changes in the frequency of social investigation across multiple exposures in a
sex-dependent manner. We speculate that these observed sex differences may reflect a sex difference in affinity for conspecific novelty rather
than memory capability.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction While there has been a recent increase in social mem-
ory research in rodents (e[8,11,12,15,23,29] very little is
In social animals, the ability to recognize previously en- known concerning the ontogeny and sex difference in patterns
countered conspecifics is crucial for normal social function. of social interaction after repeated exposures. The majority of
In rodents, social recognition memory can be inferred from a rodent social memory studies were conducted in either males
decrease in the frequency or duration of social investigation or females and at a single point during development. The lim-
after repeated exposures to conspecifd&g. This habitua- ited number of studies examining both sexes yielded conflict-
tion of social investigatory behaviors towards one animal can ing resultd3,35]. It remains to be determined whether social
be blocked by exposure to a new conspecific—a phenomenaecognition differs between males and females, how early the
referred to as retroactive interferer{8&]. The ability of the onset of this sex difference may be observed, and how this
new conspecific to interfere with subsequent habituation to a sex difference might change from juvenility to adulthood.
previously encountered conspecific serves to cross-validate For non-social functions, it is known that early life
the existence of a memory trace for the previously encoun- stimulation represents a major source of variance in sex
tered individual[29]. differences. Neonatal stimulation, with the handling method
[9,16], affected the behavior of males and females differently
in exploration41], aggressiofi34], emotional reactivity4],
* Corresponding author. Tel.: +1 505 277 4025; fax: +1 505 277 1304, @nd learned helplessnefl]. Parallel to these behavioral
E-mail addressakaysha@unm.edu (A.C. Tang). differences, neonatal handling also produced sex-dependent
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effects on corticosterone resporj22,42], immune response o o o o
[40], dopamine turnover rat0], and callosal connections o IR T O -
between the two cerebral hemisphej@s Neonatal novelty (@) | g HH HH HH L7
exposure[25] differentially affected male and female rats
in open field emotional reactivitf27] and functional brain \ i
asymmetny[1]. ‘ [v] [v] b
. I [n] [v]

These early stimulation-induced sex-dependent effects
raise the possibility that patterns of temporal changes in the
frequency of social interactions induced by repeated social Time
exposures may also be sex-dependent and that sex difference —
in social interaction may be further modulated by neonatal
stimulation. In adult male rats, both short- and long-term ha- - 5
bituation to a previously encountered conspecific can be mod- '»V New .
ulated by neonatal novelty expos(ie®], a procedure shown b 0 min
to affect a range of functions at multiple levels of analysis © mm Far
[6,7,26,28,30,31,39,45,46]ere, using a longitudinal design f‘% &
incorporating both male and female rats, we investigated sex-
dependent effects of neonatal novelty exposure on changes Fanilllai

in the frequency of social investigation across multiple social
exposures at juvenility and adulthood.

2. Methods
2.1. Animals

Eight pregnant Long-Evans hooded dams (Charles River, Wilm-
ington, MA) were housed in the Psychology Department vivarium
for 16—17 days prior to giving birth. Within 8 h after birth, litters
were culled to eight pups with as close to 50% males and females as
possible. The number of males ranged from three to seven per litter
and the number of females ranged from one to five per litter. A total
of 27 male and 29 female rat pups were used for this study. All pups Fig. 1. Methods—(a) the neonatal novelty exposure procedure utilizes a
were housed with the dams until weaning at postnatal day 21. After within-litter design and consists of the following: (i) transfer of the Dam to a
weaning, all animals were housed individually in translucent plastic Separate cage, (ii) transfer of the Novel (N) rats to their separate new cages,
cages (51 cnx 25 cmx 22 cm) within the same housing rooms and (iii) return of the Novel r'ats t_o the home cage, (iv_) return of Fhe Dam to the
maintained on a 12-h light/dark cycle (lights on at 0700 h) with food "0Me cage; (b) the habituation paradigm for social recognition memory; (c)
and water ad lib. The environment was kept at ambient temperatureexamples of social investigatory behaviors.

(21°C) with humidity at 25%. All procedures were carried out in
accordance with the guidelines established by the NIH Guide for
the Care and Use of Laboratory Animals.

using this procedure, any difference in dependent measures between
Novel and Home groups cannot be attributed to maternal separation
or experimenter conta¢25].

2.2. Neonatal novelty exposure
2.3. Social recognition memory test

Neonatal novelty exposu[5] was derived, but differs, from the
well-known neonatal handling meth¢@,16]. On postnatal day 1, To evaluate the developmental stability of social recognition
approximately one-half of the animals from each litter were pseudo- memory, animals were observed at both 7 weeks and 7 months of
randomly assigned to the Novel group and the other half to the agel At each age, the test consisted of two 5-min cage habituation
Home group (split-litter design) with approximately equal numbers sessjons (Hab) and four 5-min social interaction sessions over two
of males and females in each group. Group membership was market:gnsecutive days (Day 1: Hab, S1-S3; Day 2: Hab, D25it) (b)
via a toe-clipping procedure. On postnatal days 1-21, the dam wasjfor details, sed29]]. During Hab, animals were allowed to habit-
first removed from the home cage and placed in a separate cagq,ate to the testing environment. During all other sessions, the pair
within the same roonH(g. 1a(i)). The pups were then pickedupand  of rats was allowed to interact with one another. Two pairs of ani-
identified by the experimenter. Novel rats were placed into separate mals were tested simultaneously in cages of the same size and lined

cages lined with fresh sawdust (ii). After 3min, Novel pups were jith the same bedding as the home cages. Except for S1, which
returned to the home cage in which Home pups remained (iii). Once

all pups were returned, the dam was transferred back into the home

cage (iv). During transfer to and from the novel cage, each NOV_e| L In this experiment, different stages of the estrus cycle were not con-
pup was yoked to a Home pup such that they received a matchingtrolled for. However, variances in female behavior did not differ from that
amount of experimenter contact at approximately the same time. By in males.
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Fig. 2. Effect of neonatal novelty exposure on temporal patterns of social investigation frequency is found only in males (a) but not in females (b).

always immediately followed the Hab session, animals were re- sures) with the litter as the unit of analysis and Novelty, Sex, and
turned to their home cages during inter-trial intervals (ITIs). ITIson Age as within factors (SPSS). If a litter effect was not found, individ-
Day 1 were 10 and 2 min between S1-S2 and S2-S3, respectively.ual animals were used as units of analysis. This is clearly indicated
The testing order of male versus female and Novel versus Home by the degrees of freedom reported. Effect size measurtardf
groups was counterbalanced. Social investigatory behaviors werewere given fort- andF-tests, respectivelfp4].2
videotaped for offline analysis.

The adult—juvenile pairing traditionally used in social recogni-
tion memory tests entails a component of social dominance of the 3. Results
testing animal (adult) over the stimulus animal (juvenile). To min-
imize the probability of aggressive or sexual behaviors, we tested ~ANOVASs were performed on two types of dependent mea-
non-sibling, same-sex pairs of similar weight in a neutral testing sures: the frequency of social investigation within one session
cage (no aggression was observed in the present study) at both juveand habituation of social investigation over two sessions. For
nility and adulthood. Similar to the design used in our previous study frequency of social investigation, repeated measure ANOVA
[29], pairs at 7 weeks of age were formed using two constraints: (1) as performed using litter as unit of analysis with Sex, Nov-
average w 'th"?'p?“.f weightdifference between Nove_l and Homerats elty Exposure, Age, and Session as within-factors. For short-
did not differ significantly from zero, and (2) each animal must have . . s N

term habituation of social investigation, ANOVA was per-

been paired with a non-sibling new conspecific. Given the longitu- d usina it of lvsis with Sex. N ity E
dinal design, it was not possible to satisfy these same constraints alforme using litter as unit of analysis with Sex, Novelty Ex-

adulthood. Thus, Novel-Novel and Home—Home pairing was used POSUre, and Age as within-factors. For long-term habituation

at 7 months of age: of social investigation, ANOVA was performed using indi-
Social investigatory behaviors were defined as being proximally vidual rat as unit of analysis with Sex, Novelty Exposure,

oriented to a conspecific (the tip of the nose within approximately and Familiar/New as between-factors. The significant effects

1.cm) or in direct contact while sniffing, following, nosing, groom-  from these ANOVAs are detailed below. All other effects

ing, and generally inspecting any body surf§88] (Fig. Ic). The were not significant.

frequency of social investigatory behaviors was measured from

sixty 5-s video segments for each of the 5-min sessions. If the 3 1. Temporal patterns of social investigation across

behavior was present any time during the 5s duration, an occur- repeated exposures

rence of one was counted. Both mutual and uni-directional in-

vestigations were included. Short-term habituation (STH) was de-  ANOVA revealed a significant Novelty by Sex by Session

fined as (S1-S2)/Sg 100, and long-term habituation (LTH) &s (S1- i teraction F(1,7)=10.318p<0.025; effect size,= 1.214]

ngt)r/iilxaﬁos%ssions but Day 1 S3, animals were paired with the (Fig. 2). In males, Novel animals showed a greater rate of
9 Y ’ B habituation within the first three sessions and less recovery

same partner (Familiar partner). A subset of animals was exposed . .
to a new conspecific (New partner) on Day 1 $ay( 1b) for two after a 24-h inter-trial interval (D2S1) when compared to

purposes. The first was to rule out the possibility of generalized Home animalsKig. 2a). In contrast, no such difference was
social fatigue as a potential confound. A difference in the frequency found in femalesKig. 2b). Thus, neonatal novelty exposure
of social investigatory behaviors during S3 between the Familiar and affected temporal patterns of social investigation frequency
New partners would serve to rule out social fatigue as a confounding in a sex-dependent manner.

factor[35]. The second was to induce aretroactive interference effect

on 24-h habituation. If the animals were able to retain their memory 3.2. Average frequency of social investigation

for the new conspecific 24 h later, then we expected to observe a

reduction in 24-h habituation (LTH). Fig. 3 shows the average frequency of social investiga-

) tion over all sessions for males and females at two different
2.4. Data analysis

We tested for a litter effect in all dependent measures. If a litter 2 Medium effect size:d, 0.50-0.79;f, 0.25-0.39. Large effect size:
effect was found, we used a general linear model (repeated mea-d> 0.80;f> 0.40.
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Fig. 3. Sex and Age effects on average frequency of social investigation.

*p<0.05, *p<0.025, **p<0.005 for all figures.
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Fig. 4. STH was greater in males than in females at both juvenility and
adulthood.

ages. A main effect of Sex was found in social investigation
[F(1,7)=12.974p<0.01; effect sizef,= 1.361], with the fe-
males showing an overall higher level of social investigation.
The main Age effect was also significaf(], 7) =121.073;
p<0.001; effect sizef,=4.159], with juveniles investigating
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Fig. 5. Retroactive interference effect on LTH was only found in adult male
rats.

the following analysis was only performed on adult mea-
sures. If there was a retroactive interference effect on LTH,
one would expect a difference in LTH between animals
that experienced a new or familiar conspecific on Day 1
S3 (Familiar/New). To test for a Sex effect on retroactive
interference, ANOVA was performed using Sex, Novelty
Exposure, and Familiar/New manipulation as main effects.
While the Sex and Novelty effects were not significant, the
retroactive interference effect (Familiar/New) was significant
[F(1,55)=3.781p<0.05; effect sizef,= 0.262 (one-tailed)],
indicating that 24-h habituation can be blocked by a single
session of exposure taking place 24 h earlier.

Although the Sex by Familiar/New interaction effect was
not statistically significant, the Familiar/New effect on LTH
was apparent among only male&b) =1.902;p<0.05; ef-

more than adults. Although the Age by Sex interaction was fect size,d=0.761 (one-tailed)]Kig. 5, left). Specifically,
not significant, the overall Sex effect appeared to be mainly male rats who experiencechawpartner on Day 1 S3 showed

driven by a sex difference observed at adultha6g € 2.761;
p<0.05; effect sized=2.087 with Bonferroni adjustment),
with adult females investigating significantly more than adult
males Fig. 3, right).

3.3. Short-term habituation of social investigation

A main Sex effect was found in STH scores
[F(1,7)=135.819p< 0.005; effect sizd,= 2.262], with males

no LTH, while male rats that were exposed to aenepart-

ner throughout all sessions on Day 1 showed LTH that was
significantly greater than zerg(12) =2.963p < 0.05; effect
size,d=1.711 (one-sampletest)] Fig. 5, left). In contrast,
females did not show any signs of LTH¥ 0.20) or any dif-
ferenceintheir LTH scores between Familiar/New conditions
(p>0.20) Fig. 5, right).

showing greater habituation than females at both 7 weeks and4q. Discussion

7 months of ageKig. 4). The main Age effect was also signif-
icant [F(1, 7) =10.402p < 0.025; effect sizef,=1.219], with

4.1. Developmentally stable sex difference in short-term

adults showing greater habituation than juveniles. The Age habituation

by Sex interaction was not significant.
3.4. Retroactive interference on long-term habituation
At juvenility,3 there was no change in the frequency of so-

cial investigation between Day 1 S1 and Day 2 % (.20),
i.e. a lack of 24-h habituation ((S1-D2S1)/$1100). Thus,

3 Due to constraints imposed by weight matching and mortality, it was

not possible to have a complete repeated measure design to allow for the

In the majority of rodent studies, social recognition mem-
ory was assessed using relatively short delaysh) between
the initial and final social exposure. It was generally believed
that social recognition memory in rodents lasted less than 2 h
when assessed using a habituation paradigm. This presumed
short memory duration can be prolonged by social housing
[15], neonatal stimulatiofi29], and pharamocological ma-
nipulations[8,11,12,23] In the present study, we separately
measured habituation after a short delay of 10 min and a long

testing of Age effect on retroactive interference. Tests were performed in delay of 24 h, referred to as short- and long-term habituation,

juveniles and adults separately.

respectively.
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While short-term social recognition memory has been at least 24 h, replicating our previous findiff@9]. In adult
studied for the last two decad@b], few studies have investi-  females, there was no sign of 24-h habituation even among
gated the ontogeny of short-term habituation (<2 h) in social those who were exposed repeatedly to the same conspecific
investigation. Of these, only males were studibet|32] Our throughout all exposures.
study is the first to examine the ontogeny of sex differences  Because a decrease in social investigation after repeated
in habituation of social investigation from juvenility to adult- exposure to a conspecific has been considered evidence for
hood. At 7 weeks of age, males showed significantly greater social recognition memory, a lack of such habituated social
STH than females. This appears to be the youngest reportednvestigation has been typically interpreted as a lack of social
age at which sex difference in habituation of social investiga- memory{35]. However, within the context of sex differences,
tion was observed because such a sex difference was abserthis interpretation may be challenged. Across many species,
at4-5 weeks of ag85]. At 7 months, males habituated more females show greater affiliative behaviors than males and
than females, similar to that observed at 7 weeks of age, in-such a sex difference is believed to be evolutionarily advan-
dicating that sex difference in STH is stable from juvenility tageous for raising young and obtaining protection and food
to adulthood. Furthermore, we found a general age-related[33]. Perhaps as a consequence of this greater affinity for so-
increase in STH from juvenility to adulthood regardless of cial interaction, females in several species have been found to
Sex. be better at recognizing conspecifjt8,37,38] These cross-

Itis worthwhile to point out that the direction of sex differ- ~ species findings challenge the interpretation that the lack of
ence found in this study may be considered contradictory to 24-h habituation in the females reported here is a result of
that found by Bluthe and Dantzg3], where females showed failure in social recognition.
habituation over longer time delays. However, because their It has been hypothesized that males and females differ
males and females were tested using different testing se-in their motivation for social interactiofiL3]. For example,
guences, itis not possible to determine whether their observedgiven the option to explore a novel or familiar environment,
“sex difference” was due to true sex difference or difference male and female mice spent 30% and 55% of their time in
in experimental conditions. In contrast, in our experimental the familiar environment, respectively9]. Thus, males ap-
design, females and males underwent identical experimen-peared to have an affinity for novelty while females preferred
tal procedures and the order in which they were tested wasfamiliarity. In social isolation, female rats showed a greater
counterbalanced. physiological stress response than males, whereas exposure

In summary, our findings differ from previous ontogenetic to several conspecifics in a crowded environment reduced
studies of social recognitiofi4,32,35]in several aspects. stress in females, but increased the stress response in males
First, our study is the first to report an early sex difference in [5]. Therefore, spatial proximity to conspecifics was aver-
habituation during juvenility. Second, the present study is the sive to males but calming for females. These sex differences
firstto employ alongitudinal design in which the same animal in preference for familiarity and spatial proximity to con-
was measured repeatedly at two points during development.specifics support an alternative interpretation that the smaller
Finally, the pattern of sex difference observed at adulthood short-term habituation and the lack of 24-h habituation in
replicates that observed at juvenility, thus providing further females may be indicative of a motivational rather than a

validation for the present finding. memory difference. Instead of being forgetful, females may
simply prefer to spend more time in proximity to a familiar

4.2. Sex differences in interference effect on 24-h conspecific than males, perhaps due to the different strategies

habituation the two sexes employ in maximizing the chance of passing

on their genes.

Using a novel experimental design introduced by Tang et This alternative hypothesis is consistent with our finding
al.[29], we further examined sex differences in the sensitivity that, among adults, female rats displayed a greater overall
of long-term habituation (24 h) to retroactive interference ef- social interest in same-sex conspecifics than males, as indi-
fectinduced by an exposure to a second (New) conspecific. Incated by their higher average frequency of social investiga-
that study, the interference effect was used to assess long-terntion across multiple social exposurdsd. 3). Using an in-
social recognition memory after a 24-h delay. The presencetruder paradigm, Thor and Hollow4$6] also found greater
of an interference effect was taken as evidence for the persisfemale—female than male—male social investigation. Using
tence of a memory trace for the new conspecific after a 24-h an open field environment, Meaney and Stewdifq study
delay. Here, using the same method, we found that amongrevealed that the combined frequency of sniffing and social
only adult males, those that were repeatedly exposed to thegrooming was higher in females than in males. Both studies
same conspecific throughout all four sessions, showed 24-hoffer additional support for the alternative interpretation that
habituation to the first conspecific. In contrast, among those females tend to maintain a higher level of social interaction
that were exposed to a new conspecific at the end of Day 1than male$. More broadly, an extensive body of literature
(i.e. on Day 1 S3), 24-h habituation was blocked. This sensi-
tivity of 24-h habituation to a new conspecific indicates that, 4 one study by Bluthe and Dantgj with avery small sample size (eight
in males, social memory for the new conspecific can last for males and nine females) and a different definition of social investigation
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shows that among both humans and non-human primates, [6] Caplan M, Reeb B, Tang A. Neonatal novelty exposure attenuates the
females engage in same-sex affiliative behaviors more than interfering effects of surprise/uncertainty on spatial working memory.

males and that this sex difference may be driven by evolu- __ !Nt Soc Dev Psychobiol 2002;41:301.
[7] Caplan M, Verstynen T, Tang AC. Neonatal novelty exposure modu-

tionary pressur{333]. lates navigational strategies in the Morris water maze. Cogn Neurosci
Soc 2001;8:57C.

4.3. Sex differences in sensitivity to neonatal novelty [8] Choleris E, Gustafsson JA, Korach KS, Muglia LJ, Pfaff DW,

exposure Ogawa S. An estrogen-dependent four-gene micronet regulating so-

cial recognition: a study with oxytocin and estrogen receptor-alpha

. and -beta knockout mice. Proc Natl Acad Sci USA 2003;100:6192—
We found that, in a sex-dependent manner, neonatal nov- -

elty exposure affected temporal patterns of changes in the (9] penenberg VH. The effects of early experience. In: Hafex ESE,
frequency of social interaction across repeated sessions, as  editor. The behaviour of domestic animals. London: Bailliere, Tindall
indicated by the significant Novelty by Sex by Session in- & Cox; 1962. p. 109-38. _ _
teraction effect on the frequency of social investigation. For [11] Dluzen DE, Muraoka S, Landgraf R. Olfactory bulb norepinephrine
. L . i depletion abolishes vasopressin and oxytocin preservation of so-

male_s' habltuatlon.m Novel rats occurred more rapidly within cial recognition responses in rats. Neurosci Lett 1998;254:161—
the first three sessions (Day S1-S3) and recovered less after 4
a 24-h delay (D2S1) than in Home rats. In females, similar [12] Ferguson JN, Young LJ, Hearn EF, Matzuk MM, Insel TR, Winslow
differences between Novel and Home rats were not observed  JT. Social amnesia in mice lacking the oxytocin gene. Nat Genet
(Fig. 2). This finding suggests that temporal patterns of so- ___ 2000,25:284-8. . "

LT . ... .. [13] Goldstein AG, Chance JE. Visual recognition memory for complex
cial mtergctloq among male rats have a greater seq5|t|y|ty configurations. Percept Psychophys 1970:0:237—41.
to early life stimulation than females. This observation iS [14] Guan XB, Dluzen DE. Age-related changes of social mem-
consistent with our previous findings in that neonatal novelty ory/recognition in male Fischer-344 rats. Behav Brain Res
exposure affected males and females differently, in bothopen ~ 1994;61:87-90.

field emotional reactivity27] and functional brain asymme- ~ [15] Kogan JH, Frankland PW, Silva AJ. Long-term memory underly-
ing hippocampus-dependent social recognition in mice. Hippocam-

try [1]. , pus 2000;10:47-56.
Similar to n_eonatal 'Tovelty exposure, neonatal handling, [16] Levine S. Infantile experience and resistance to physiological stress.
another early life behavioral manipulatifh16], also affects Science 1957;126:405.

male and female animals differentially. For example, only [17] Meaney MJ, Stewart J. Environmental factors influencing the affil-
among males but not females did handled rats show greater iative behavior of male and female rats (Rattus Norvegicus). Anim

. . Learn Behav 1979;7:397-405.
latent inhibition to shocK43], quicker latency to leave the [18] Meaney MJ, Stewart J, Beatty WW. The influence of glucocorticoids

home cage for explorgtio[r44], and qUiCke!’ return to base' during the neonatal period on the development of play-fighting in
line measures of corticosterone after delivery of an intense Norway rat pups. Horm Behav 1982;16:475-91.

shock{42] than non-handled rats. Neonatal stimulation of the [19] Palanza P, Morley-Fletcher S, Laviola G. Novelty seeking in periado-
stress response system via corticosterone injection revealed lescent mice: sex differences and influence of intrauterine position.

. . . . Physiol Behav 2001;72:255-62.
that the frequency of play-fighting behavior was reduced in [20] Papaioannou A, Dafni U, Alikaridis F, Bolaris S, Stylianopoulou

males but not in femalefl8]. Along with these previous F. Effects of neonatal handling on basal and stress-induced
findings, our result provides converging evidence to support monoamine levels in the male and female rat brain. Neuroscience

the general conclusion that the effect of early life stimulation 2002;114:195-206.

differs between males and females [21] Papaioannou A, Gerozissis K, Prokopiou A, Bolaris S,
) Stylianopoulou F. Sex differences in the effects of neonatal

handling on the animal's response to stress and the vulnerability
for depressive behaviour. Behav Brain Res 2002;129:131-9.
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