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INTRODUCTION

Complete Maternal Deprivation
Affects Social, but not Spatial,
Learning in Adult Rats

ABSTRACT: The effects of maternal deprivation on learning of social and spatial
tasks were investigated in female adult rats. Pups were reared artificially and
received "lickinglike" tactile stimulation (AR animals) or were reared with their
mathers (MR animals). In adulthood, subjects were tested on paradigms of spatial
learning and on paradigms involving learning of social cues. Results showed that
maternal deprivation did not affect performance on spatial learning, but it did
impair performance on the three social learning tasks. The AR animals made no
distinction between a new and a previously presented juvenile conspecific. AR
animals also responded less rapidly than MR animals at test for maternal behavior
2 weeks after a postpartum experience with pups. Finally, AR animals did not
develop a preference for a food previously eaten by a familiar conspecific whereas
MR animals did. This study indicates that animals reared without mother and
siblings show no deficits in spatial tasks while showing consistent deficits in
learning involving social interactions. @ 2003 Wiley Periodicals, Inc. Dev
Psychobiol 43: 177-191,2003.
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In altricial mammals, the mother and littermates provide a
rich stimulus environment that shapes early physiological
and cognitive development and later social behavior.
Natural variations or active manipulations of the infant-
mother relationship have been demonstrated to yield long-
term variations in the neurobiology or behavior of the
offspring in many species, including monkeys (Berman,
1990; Fairbanks, 1996; Kraemer, 1992, 1997; Maestri-
pieri, Wallen, & Carrol, 1997) and humans (O'Connor &
Rutter, 2000; Rutter, Kreppner, & O'Connor, 2001; Scarr
& McCartney, 1983; Scarr & Weinberger, 1983). How-
ever, not surprisingly, the effects of early experience on
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adult behavior have been most intensively explored in
rats, where development is rapid, mechanism can be easily
studied, and generalizability of effects to other species has
been shown (Fleming & Li, 2002; Fleming, O'Day, &
Kraemer, 1999).

In rats, early handling consisting of brief daily
separation of pup from the mother has consistently been
reported to produce robust behavioral effects in young
adult rats, including decreased fear-related behavior
(Nunez et aI., 1995, 1996), and increased selective atten-
tion (Weiner, Schnabel, Lubow, & Feldon, 1985). As well,
early handling prevents the age-related decline in spatial
learning and memory performance in the water maze
(Meaney, Aitken, Bhatnagar, & Sapolsky, 1991; Meaney,
Aitken, van Berkel, Bhatnagar, & Sapolsky, 1988).

A different type of postnatal, preweaning manipula-
tion, maternal separation (MS), either in a single 24-hr
period or repeated 3- to 6-hr periods, is reported to yield
multiple long-term effects in adulthood (Pryce & Feldon,
2003). In comparison to unmanipulated animals, animals
that experienced single or repeated separations from
mother show increased fear-related behavior (Patchev
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et aI., 1997), increased anxiety (penke et aI., 200 I),
disruption of attentional processes (Ellenbroek & Cools,
1995), and deficits in active avoidance (Lehmann, Pryce,
Bettschen, & Feldon, 1999) and spatial learning (Oitzl,
Workel, Huttert, Frosch, & De Kloet, 2(00).

In the rat, however, the extent of effects of separation is
not always consistent; it depends on a number of factors,
including duration of the preweaning separation, timing of
separation, number of separations, whether separation is
from mother alone orthe littermates, gender ofthe animal,
and type of control or comparison group used (for review,
see Lehmann & Feldon, 2(00). For instance, 3 hr of
daily separation from Day I to Day 14 induced no effects
(Caldji, Francis, Sharma, Plotsky, & Meaney, 2(00)
whereas in different studies a 24-hr maternal deprivation
reduced (Suchecki, Duarte, & Tufik, 2(00) or increased
(penke et al., 2(01) levels of anxiety in an open-field test.

With respect to the effects on learning, maternal
separation also produces variable effects. In a 24-hr
maternal-deprivation protocol, adult spatial learning
measured in a water maze was disrupted when separation
occurred at Day 3 when the pups were removed from the
nest and the darn was left with half of the litter (Oitzl et al.,
2(00), but was improved when separation occurred at Day

9 and when the darn, rather than the pups, were removed
from the nest (Lehmann et al., 1999). Other studies, using
the water maze task, reported either no change when pups
were separated daily from their mothers for 6 hr from
Days 12 to 18 (Lehmann et al., 2(02) or an improvement
when the same kind of separation occurred between Days
15 to 21 (Frisone, Frye, & Zirnrnerberg, 2(02).

Although not always consistent, the maternal separa-
tion Or deprivation paradigms clearly can have long-term
behavioral effects. Less clear is to what to attribute these
effects--whether to the absence of mother and nest-
related cues during the separation period, to the behavior
of the mother on reunification of mother and pups, or to
"stress effects." As well, whether the control group is a
totally undisturbed group or a colony husbandry group
also influences one interpretation of the separation effects
(Pryce & Feldon, 2003). These periodic separation
paradigms involve not only the separation from the
mother and, sometimes, the litterrnates but also produce
physiological stresses associated with changes in body
temperature and periods of nutritional deprivation. In
addition, in the maternal separation paradigms, on
reunification of mother and pups, there is evidence that
if mothers were left alone during the separation period,
when pups are returned to the nest, darns engage in very
active pup licking, providing intensive stimulation similar
to that received by pups that are simply "handled" (Hofer,
Brunelli, & Shair, 1993; Plotsky & Meaney, 1993).

An alternative approach to the study of rnatemaI
separation effects is to study anima1!! that experience

complete separation from the mother and liuermates
(Hall, 1998). In this situation, pups can be raised arti-
ficially on a pump, and both body temperature and nutri-
tion can be closely regulated. Moreover, there is no
"reunification" and hence no additional maternal stimu-
lation; however, it is possible to "reinstate" in a controlled
fashion aspects of maternal behavior by providing the
isolated pup with additional "lickinglike" stimulation,
nest odors, and access to peers. In the few studies that
have used this type of "separation" paradigm, there is
some evidence of long-term behavioral effects. For
instance, artificial rearing increases anxiety measured in
an open-field test (Gonzalez, Lovic, Ward, Wainwright, &
Heming, 2(01) and alters social and maternal behavior
in adult animals (Gonzalez et aI., 2001; Kaneko, Riley,
& EWers, 1996/1997). Finally, there is some evidence
that in males artificial rearing impairs spatial learning
(Wainwright et al., 1999).

In light of the variable effects of short-term, periodic
maternal separations on learning and the paucity of
studies on artificial-rearing effects, in this study we were
interested in exploring the effects on a variety of types
of learning of this artificial-rearing procedure, which
permits a more extensive period of maternal separation
than occurs during MS, but without some of the other
confounds associated with separation procedures. In
particular, the artificial-rearing procedure is associated
with social isolation and is consequently likely to affect
reactivity to social stimuli. Therefore, we hypothesized
that being reared without the mother and littermates could
affect learning tasks that utilized social cues or social
interactions. By comparing the performance of artificially
reared rats and mother-reared rats in nonsocial spatial
learning and in social learning, we could assess the
possibility that the deficits of learning are specific to
situations involving social stimulation, but without mak-
ing any assumption about the possible mechanisms
involved. To our knowledge, this is one of very few
studies to investigate the effects of MS on learned social
recognition.

For nonsocial tasks, we tested spatial learning because
it is known to be affected by a variety of early-experience
manipulations (Frisone et al., 2002; Lehmann et al., 2002)
and is dependent on the hippocampus, a brain structure
that is particularly susceptible to effects of handling and
MS (Lehmann et al., 2002; Morris, Garrod, Rawlins, &
O'Keefe, 1982; Olton, Becker, & Handelrnann, 1979;
Vazquez, Van Oers, Levine, & Akil, 1996). Water maze
and radial maze tasks were used because they differen-
tially tax motivation (aversive vs. appetitive), motor
systems (swimming vs. running), and memory systems
(reference memory vs. ~orking memory).

Three social learning tasks were used involving spon-
taneous behavioral responses of anirnaIs that are exposed


