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ng behavior of dams with pups can influence some behaviors of pups when they
are adults, we tested if licking and grooming scores in a maternal separation protocol correlated with cocaine
or ethanol self-administration in the pups as adults. The protocol produced litters that were separated from
dams for 0 (MS0), 15 (MS15) or 180 (MS180) min, and a nonhandled (NH) group as well. Self-administration
of both drugs as shown in earlier studies was lowest in the MS15 group, highest in the NH group and
intermediate in the other groups. Licking and grooming scores correlated negatively with drug intake and
suggests that maternal care of pups can influence drug use in pups when they are adults.

© 2008 Elsevier Inc. All rights reserved.
1. Introduction
Maternal care in the post partum period can affect the develop-
ment of neural systems and anxiety or fearful behaviors (Caldji et al.,
1998, 2000; Francis et al., 2000; Huot et al., 2001; Francis et al., 2002).
Moreover, it has been suggested that maternal care in the form of
licking and grooming (LG) is a key feature in determining neural
changes and offspring fear responses (Francis et al., 2002). Also, stress
and fear are thought to be related to vulnerability for drug abuse
(for example, see Kreek and LaForge, 2007; Sinha and Li, 2007; Poling
et al., 2007; Kabbaj, 2006; Brady and Sinha, 2003).

We have recently examined the self-administration (SA) of alcohol
(Jaworski et al., 2005) and cocaine (Moffett et al., 2006) in groups of
litters subjected to variations in maternal separation and handling
(MS/H). Groups of the pups were separated for 0 min (MS0), 15 min
(MS15) or 180 min (MS180). These three groups provide a time course
of effects. Another group, a nonhandled (NH) group, was also included
as a control for handling. The separations are carried out from post
natal day (PND) 2 to PND14, and the SA experiments were carried out
in adulthood, at about PND 90. Both alcohol and cocaine SA differed
among the 4 groups, but the pattern was the same for each drug:
NHNMS180NMS0NMS 15 (Jaworski et al., 2005; Moffett et al., 2006).
Moreover, the groups showed significant differences in 5HT1A and
SERT levels, again with about the same pattern among the groups
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(Vicentic et al., 2006). Other investigators have found reasonably
similar results (for example see Matthews et al., 1999; Campbell and
Spear, 1999; Kosten et al., 2000; Flagel et al., 2003; Brake et al., 2004;
Marin and Planeta, 2004; Kosten et al., 2004; Kikusui et al., 2005;
Meaney et al., 2002; Hall et al., 1999).

The significance of these findings lies partly in the validity of the
MS/H procedure as a model of vulnerability to human drug abuse.
Human drug abuse is characterized by, among other things: 1)
multidrug use, and 2) comorbidity with other psychiatric disorders.
The finding that SA of cocaine, a stimulant, or ethanol, a depressant,
are influenced similarly in these groups of animals suggest that the
model has at least some validity for relating to human multidrug
abuse. Moreover, the changes in 5HT systems, which can be related to
changes in psychiatric disorders, suggest that there is a correlate to
comorbidity in this model. Thus the model of maternal separation
with variations in handling (MS/H) likely has utility as a model of
human drug abuse vulnerability. Because LG in the perinatal period is
known to influence behaviors in adulthood (Caldji et al., 1998; Francis
et al., 1999; Liu et al., 1997; Menard et al., 2004; Szyf et al., 2005), we
have examined the frequency of LG in these experimental groups and
correlated this to cocaine and ethanol SA in similar experimental
groups.

2. Methods

Experiments in this study were approved by the Emory Institutional
review committee. Thirty, timed, pregnant Long Evans (Charles River
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Fig. 1. Licking and Grooming (LG) scores for dams in the four MS/H groups. Significant
differences were found for MS15 vs NH, MS15 vs MS0 and for MS180 vs NH. See text for
details and significant differences.
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Laboratories) female ratswere received in the animal facilityat gestation
days 12–13. They were housed singly in static cages in temperature and
humidity controlled rooms, maintained on a 12 h light-dark cycle with
Fig. 2. Correlations between licking and grooming (LG) activity and ethanol (EtOH) self-
administration calculated as preference (Pref). Pref data are from Jaworski et al. (2005).
See Text for more details.
lights on at 7 AM. Food andwater was available ad libitum. At birth, 6–7
litters were randomly assigned to one of the four treatment groups
described below, and the separations carried out from PND2 to PND14.
In any given experiment, to minimize litter effects, 1–2 male pups from
each of 6–7 litters per group were used in the SA studies.

The four treatment groups include litters that were separated from
their dams for 0 min (referred to as MS0), 15 min (MS15) or 180 min
(MS180). Another group used as a control for handling was the NH
group which was handled only once during the 2 week period for a
mandatory bedding change. These procedures are more fully
described in Jaworski et al. (2005). Cocaine self-administration (SA)
was carried out as described by Moffett et al. (2006), and some of the
data is shown here with permission. EtOH preference among the
groups has been published as well (Jaworski et al., 2005) and parts are
reproduced here with permission.

Licking and Grooming (LG) was examined each afternoon (1–2 PM)
after the separationswere carried out in themorning (10 AM–12 noon).
LGwas also scored at6AM, but nodifferenceswere found. Eachdamwas
scored every 4 min, over a 1 h period. The total number of LG
observationswere tabulated for each damwithin the four MS/H groups.
Fig. 3. Correlations between licking and grooming (LG) activity and cocaine (Coc) self-
administration shown as number of infusions of drug (Inf). Inf data are from Moffett
et al. (2006). See text for more details.
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Data were analyzed using the SPLUS program and the Pearson's
product moment correlations coefficient method for the correlations.

3. Results

Licking and grooming scores (1–2 PM) were tabulated for each of
6–7 dams in each MS/H group. Ethanol preference scores are known
for each of 15 pups when they were adults (Jaworski et al., 2005).
Cocaine infusion scores are also shown for each of 7–9 pupswhen they
were adults (Moffett et al., 2006). The means and errors of the ethanol
and cocaine data were published previously in graph form (Jaworski
et al., 2005; Moffett et al., 2006).

When the LG scores were tested for significant differences among
the four MS groups by a oneway ANOVA, an overall P value of b0.0001
was found [F(3,22)=8.764]. The average values plus orminus the SEMs
are given in Fig. 1. Using Tukey's multiple comparison test, values for
MS15 vs MS180, MS180 vs MS0, and NH vs MS0 were not significantly
different. However, MS15 vs NH, MS15 vs MS0, andMS180 vs NHwere
all different at the Pb0.01 or Pb0.05 level. NH had the lowest LG
scores and MS15 had the highest. Scores for MS15 and MS180 groups
were similar and not significantly different. Scores for the NH andMS0
groups had similar values and were not significantly different.

The goal is to see if there is a correlation between drug SA in pups
as adults and LG activity in dams. However, the LG scores and SA
scores were all from different groups of animals. Therefore multiple
correlations between individual scores and averages of scores were
carried out.

To test if a correlation existed between LG activity and ethanol
preference, individual LG scores from the dams were correlated to the
average ethanol preference scores from each MS/H group (Fig. 2
bottom), and the average LG score per group was correlated to
individual scores of ethanol preference (Fig. 2, top). Fig. 2 shows a
significant correlation in both cases with P values of 0.0002 and
0.0007 respectively. The correlations were negative suggesting that
higher levels of licking and grooming are associated with lower drug
intake.

To test for a correlation between LG activity and cocaine SA,
individual LG scores were correlated to the average cocaine infusions
per MS/H group (Fig. 3 top), and individual cocaine infusion
measurements were correlated to the average LG scores per group
(Fig. 3, bottom). Again the correlations were significant and negative
supporting the idea that higher levels of licking and grooming are
associated with lower levels of drug intake.

4. Discussion

After MS/H separations and handlings in the morning, maternal
licking and grooming scores in the early afternoon (1–2 PM) differed
among theMS/H groups. The NH group had the lowest LG scoreswhile
the MS15s had the highest. Because the NH groups consistently have
the highest drug intake, and the MS15s have the lowest, the LG data
suggest an inverse relationship between LG and drug intake. Given
that LG is a hallmark of maternal care in rats, these findings are
compatible with a variety of reports suggesting that maternal care can
alter the vulnerability of offspring later in life (see Introduction).

To explore this possibility further, the LG scores in one group of
dams was compared and correlated to SA measures in two different
groups of pups who had undergone MS/H treatments, and who had
self-administered either cocaine or alcohol respectively when they
were adults. There were significant correlations between LG and
cocaine SA, and between LG and ethanol SA.Moreover the correlations
were negative indicating that higher levels of LG correlated with less
drug intake. This seems reasonable since maternal care is thought to
be a positive factor in development and in later life. Also, the r2 values
for the four correlations in Figs. 1 and 2 varied from 0.17 to 0.49
suggesting that there is a significant but relatively small, no more than
half, contribution of LG to drug intake. If true, then other factors in
addition to LG must contribute to the vulnerability to drug abuse in
the MS/H animals. These other factors could include epigenetic
changes, stress reactivity alterations or yet other factors. Moreover, a
correlation between LG and SA does not necessarily in and of itself
indicate a causal relationship.

The finding that the NH group had the largest SA and lowest LG is
intriguing. In other words, lack of handling seems to create the
greatest vulnerability. But, it has been noted that these are not
“normal” animals such as those in the wild, because dams usually
leave the nest for foraging for periods of around 20 min (Calhoun,
1963). Thus, it may be that the NH group experiences stresses that the
handled groups do not. In any case, the reason for these differences
among the groups needs to be resolved in future experiments.

The factors contributing to vulnerability could be interrelated.
Handling could increase LG behavior of the dams, and LG could then
produce epigenetic changes that might have a variety of effects.
Glucocorticoids affect drug SA at least partly (Deroche-Gamonet et al.,
2003; Goeders 2002), and HPA axis responses are altered in MS/H
groups and this factor could play a role here. Moreover, LG levels
associate with glucocorticoid receptor expression through epigenetic
mechanisms in the pups which presumably alters their responses to
stress (Szyf et al., 2005). The epigenetic changes in that case are due to
DNA methylation and this can be reversed (Weaver et al., 2005). It
seems possible that LG, through epigenetic mechanisms, could alter
the reward/reinforcement pathway, perhaps by changing aspects of
DA systems. Perhaps reversal of methylationwill reverse vulnerability
to drug intake as well. In any case, mechanisms underlying these
effects can be elucidated in further experiments.
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