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Lactation and plus maze performance

Influence of lactation on motor activity
and elevated plus maze behavior
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Abstract

Lactating rats show less noise-induced freezing and fewer inhibitory
responses on the 6th day post-delivery when submitted to water and
food deprivation in a classical conflict paradigm. Lactating mice go
more often to the illuminated chamber in a light-dark cage and stay
longer in it than virgin females. The present study was designed to
assess the influence of this physiological state, i.e. lactation, on the
elevated plus maze (EPM) and open-field behavior in adult female
rats. Total (TL) and central (CL) locomotion and rearing (RF) frequen-
cies were measured in an open-field. Number of entries into the open
and closed arms as well as the time spent in each of these arms were
measured in the EPM. Percent time spent and number of entries into
the open arms were calculated and compared. In the open-field, TL
was significantly decreased (115 ± 10.6 vs 150 ± 11.6) while CL and
RF did not differ from those presented by virgin rats. In the EPM,
lactating rats displayed a significant reduction in percent time spent
(10.9 ± 1.5 vs 17.4 ± 2.3) in the open arms as well as a tendency to a
reduction in percent entries into the open arms (35.7 ± 4.7 vs 45.7 ±
4.3). These results show that the physiological state of lactation
modulates the open-field and EPM behaviors in rats.
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Changes in the physiological states of
mammals are usually related to endocrine
and neural changes (1-3) and implicate be-
havioral adjustments or alterations (4). After
giving birth and during lactation the female
rat undergoes peripheral and central physi-
ological changes. These changes ultimately
reflect the biologically useful appearance of
some behaviors and modulation of others
such as taking care of the pups and aggres-
sion,  respectively (4,5). Motherhood in ro-
dents induces a reduced reactivity to nor-
mally aversive stimuli (6-8). Lactating rats
are less inclined to run away from an intruder

(6) and have lower reactivity in classical
conflict tests (8). In a light/dark choice situ-
ation, lactating mice displayed less avoid-
ance of the aversive illuminated environ-
ment than did virgin animals (5). Since these
measurements are affected by anxiolytic com-
pounds (9,10), the interpretation that usually
arises from these investigations is that lactat-
ing rodents are in a physiologically induced
low-anxiety state. However, the fact that
maternal rodents are hyperphagic (11) may
make them more hungry and hence more
able to press a bar to receive food or water
even knowing they are going to receive a
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shock, implying that the motivational state
cannot be ruled out in this scenario. In addi-
tion, the higher defecation score of lactating
females is usually interpreted as suggestive
that these animals have higher emotionality
levels than virgin females. The present study
was designed to assess the influence of this
physiological state, i.e. lactation, on the gen-
eral activity measured in an open-field and
in the more recently designed anxiolytic drug-
sensitive paradigm, the elevated plus maze
(EPM) test, in adult female rats. The objec-
tive of this investigation was to compare the
performance on the EPM and open-field
arena with earlier experiments using pun-
ished drinking (e.g. conflict tests) and feed-
ing in a novel arena.

Nine female rats (Wistar origin, 200-250
g) on the 6th postpartum lactating day and 10
age-matched virgin females were used. The
animals were kept on a controlled 12-h light-
dark cycle (lights on at 6:00 h) with food and
water available ad libitum throughout the
experiment. The animals used in this study
were maintained in accordance with the
guidelines of the Committee on Care and
Use of Laboratory Animal Resources, Na-
tional Research Council, USA. All rats were
tested for general activity in an open-field
and in an elevated plus maze apparatus. The
open-field arena was as described previously
(12). Briefly, the open-field used was 80 cm
in diameter and 30 cm in height. The open-
field was washed with a water-alcohol (5%)

solution before behavioral testing to elimi-
nate possible bias due to odors left by previ-
ous subjects. To minimize possible circa-
dian influences on rat open-field behavior,
experimental and control observations were
alternated. A hand-operated counter was
employed to score total (TL; number of floor
units entered) and central (CL; number of
central floor units crossed) locomotion, and
rearing (RF) frequencies for 5 min. The el-
evated plus maze test was as previously de-
scribed (13,14). Briefly, the plus maze was
made of wood with two open arms (50 x 10
cm) and opposite closed arms of the same
size but with 40-cm high walls. The arms
were connected by a central square and thus
formed a plus sign. The apparatus was el-
evated 50 cm above the floor. Each rat was
placed in the central square of the plus maze
facing an enclosed arm. The time spent in
enclosed and open arms was scored for 5
min. An arm entry was defined as an animal
entering the arm with all four feet and the
number of entries into open and enclosed
arms was scored (14). The results were com-
pared by the two-tailed Student t-test. The
probability of P<0.05 was taken to be a
significant difference for all comparisons
made.

In the open-field, TL displayed by lactat-
ing animals was significantly decreased (115
± 10.6 vs 150 ± 11.6; P = 0.03) while CL and
RF were not different from those shown by
virgin rats (Table 1). Table 2 shows the
results obtained in the plus maze test. Lactat-
ing rats displayed reduction in percent time
spent (10.9 ± 1.5 vs 17.4 ± 2.3; P = 0.04) in
the open arms and tended to show reduction
in percent entries into the open arms (35.7 ±
4.7 vs 45.7 ± 4.3; P = 0.07).

Endocrine, neural and behavioral changes
observed during lactation have been exten-
sively described (1-4,15,16). In humans, the
early postpartum period is a time of increased
emotional lability. Postpartum psychologi-
cal disorders are complex and include ge-
netic and physiological factors. Increased

Table 1 - Open-field test behavior of age-matched
female virgin (N = 10) and 6th day postpartum
lactating (N = 9) rats.

Data are reported as means ± SEM. *P<0.05
compared to virgin rats (two-tailed Student t-test).

Parameters Virgin rats Lactating rats

Total locomotion 150 ± 11.6 115 ± 10.6*
activity
Central locomotion 26 ± 3.6 26 ± 7.1
activity
Total rearing 25 ± 4.5 21 ± 3.3
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levels of anxiety are among the milder forms
of emotional alterations that occur during
the early postpartum period (17). The pres-
ent study shows that the state of lactation
modulates the open-field and EPM behav-
iors in rats. The data show a reduction in
ambulation and in time spent in the open
arms in lactating rats. Although the open-
field data may be interpreted as being sug-
gestive of changes in motor activity, the
results failed to show any lactation-induced
change in the total arm entries, or the number
of entries into the closed arms, which are
indices of motor activity in the EPM. Thus,
the decrease in locomotion frequency ob-
served in lactating rats may be due to a
novelty-induced increase in emotionality.
Lactating rodents submitted to anxiolytic
drug-sensitive behavioral tests usually show
responses that are interpreted to suggest a
low anxiety state. However, these data are
not consistent since defecation, a parameter
that indicates an increase in emotionality, is
increased during this period (5). In addition,
since female rats eat and drink more during
lactation, the conflict test paradigms would
be biased by the increased appetite of the
postparturient rat. An increase or decrease in
central locomotion activity in the open-field
suggests a higher or lower anxiety state,
respectively. Virgin and lactating rats pre-
sented virtually the same central locomotion
activity, a fact suggesting that this parameter
is not sensitive enough to detect differences
in anxiety during lactation. The EPM test
was used in this study to assess anxiety
levels since this approach is less aversive
and more sensitive to anxiolytic drugs,  mak-
ing the EPM a potentially informative be-
havioral test to measure anxiety during the
postpartum period. The reduction in percent

time spent in the open-arms as well as the
tendency to reduce the percent of entries into
these arms displayed by lactating rats in the
EPM may be due to an anxiogenic-like effect
of lactation. This increase in anxiety may
lead to a freezing that ultimately leads to a
reduction in open-field total locomotion ac-
tivity. The discrepancies between our results
that suggest a postpartum-induced anxiety
increase, and the results obtained by other
investigators, implying an anxiolytic effect
of lactation, may be due to the different
methods employed to assess anxiety levels
in this situation. Indeed, conflict tests and
EPM are not equally sensitive to classical
(e.g., benzodiazepines) and new (e.g., buspi-
rone) anxiolytic drugs (18), with the EPM
test being less aversive and more sensitive to
anxiolytic factors. The data reported so far
suggest that the classical tests are not the
most adequate to assess anxiety levels dur-
ing lactation. Alternatively, the complexity
of this physiological state and its unique
meaning for species survival may induce a
particular kind of behavioral strategy based
on a specific kind of anxiety.

Table 2 - Elevated plus maze behavior of age-
matched female virgin (N = 10) and 6th day post-
partum lactating (N = 9) rats.

Data are reported as means ± SEM. *P<0.05 com-
pared to virgin rats (two-tailed Student t-test).

Parameters Virgin rats Lactating
rats

Entries into open 45.7 ± 4.3 35.7 ± 4.7
arms (%)
Time spent in open 17.4 ± 2.3 10.9 ± 1.5*
arms (%)
Total entries into open 10.0 ± 1.5 8.2 ± 1.0
and closed arms
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