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Abstract

Protein malnutrition induces structural, neurochemical and functional
alterations in the central nervous system, leading to behavioral alter-
ations. In the present study, we used the elevated plus-maze (EPM) as
a measure of anxiety to evaluate the interaction between acute immo-
bilization and housing conditions on the behavior of malnourished
rats. Pups (6 males and 2 females) were fed by Wistar lactating dams
receiving a 6% (undernourished) or 16% (well-nourished) protein
diet. After weaning, the animals continued to receive the same diets ad
libitum until 49 days of age when they started to receive a regular lab
chow diet. From weaning to the end of the tests on day 70, the animals
were housed under two different conditions, i.e., individual or in
groups of three. On the 69th day, half of the animals were submitted to
immobilization for 2 h, while the other half were undisturbed, and
both groups were tested 24 h later for 5 min in the EPM. Independent
of other factors, protein malnutrition increased, while immobilization
and social isolation per se decreased, EPM exploration. Analysis of
the interaction of diet vs immobilization vs housing conditions showed
that the increased EPM exploration presented by the malnourished
group was reversed by acute immobilization in animals reared in
groups but not in animals reared individually. The interaction between
immobilization and housing conditions suggests that living for a long
time in social isolation is sufficiently stressful to reduce the responses
to another anxiogenic procedure (immobilization), while living in
groups prompts the animals to react to acute stress. Thus, it is
suggested that housing condition can modulate the effects of an
anxiogenic procedure on behavioral responses of malnourished rats in
the EPM.
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Introduction

Protein or protein-calorie malnutrition
imposed early in life is a well-known envi-
ronmental factor that produces alterations in
the brain. These alterations can affect mor-
phological, neurochemical, neurophysiologi-
cal, and functional aspects of the developing
brain (1-8). Moreover, it is also well known
that protein malnutrition during gestation
and/or lactation can modify the behavior of
rats in several animal models of anxiety.
Malnourished animals submitted to experi-
mental models of anxiety such as light-dark
transition (9,10), elevated plus-maze (EPM)
(11,12) and elevated T-maze (13) tests
showed behavioral alterations that have been
interpreted as lower anxiety levels and/or
higher impulsiveness.

A study by our group showed that using
an anxiogenic or stressful procedure (short-
term social isolation) reduces open-arm ex-
ploration by control animals but does not
change the behavior of animals malnour-
ished early in life (14). In contrast, social
isolation for 1, 2 or 24 h reduces exploration
in the EPM (15). This suggests that the emo-
tional alteration produced by early protein
malnutrition is resistant to changes even when
the animals are exposed to a stressful proce-
dure before being tested in the EPM, thus
showing a robust long-lasting emotional al-
teration produced by the nutritional deficit at
the beginning of life.

In addition, immobilization is another
classic stressful procedure used to alter ex-
ploratory behavior in the EPM. Animals sub-
mitted to immobilization stress present physi-
ological, sensory or neurochemical alter-
ations, as well as behavioral changes when
submitted to the EPM, open-field, tail-flick
and hole-board tests. Immobilization, when
applied 24 h before the test, produced anxio-
genic-like responses in the EPM (16-20) and
in the open-field tests (21-23). In the EPM,
immobilization for 2 h causes reduction in
both the percent of entries and time spent in

the open arms (16-20).
Since only long-term social isolation was

not effective in reducing the increased ex-
ploration of the open arms in previously
malnourished animals, we thought it would
be useful to investigate the effects of two
stressful procedures: social isolation followed
by acute immobilization before the EPM
test. Thus, our main objective was to deter-
mine if acute immobilization stress differen-
tially affects open-arm exploration by well-
nourished and malnourished animals reared
individually or in groups from weaning to
adulthood.

Subjects and Methods

Male Wistar rats from the animal colony
of the Ribeirão Preto Campus, University of
São Paulo, were used. Each litter was culled
to 6 male and 2 female pups on the day of
birth. The dams and the pups were housed in
transparent plastic cages (40 x 33 x 20 cm)
and assigned randomly to a 6% or a 16%
protein ad libitum diet during the lactation
phase (0-21 days). The diets have been de-
scribed elsewhere (11). The protein-defi-
cient diet contained approximately 8% ca-
sein (6% protein), 5% salt mixture, 1% vita-
min mixture, 8% corn oil, 0.2% choline, and
77.8% corn starch (w/w). The regular pro-
tein diet contained approximately 20% ca-
sein (16% protein), 60.8% corn starch and
the same percentage of the other constitu-
ents as the protein-deficient diet. The two
diets were supplemented with L-methionine
(2.0 g/kg protein) since casein is deficient in
this amino acid. Only male rats were used in
this study. After weaning (21 days), the ani-
mals continued to receive the same diets
until 49 days of age, when all animals started
receiving a regular lab chow diet ad libitum
until the end of the experiment. The animals
were maintained on a 12:12-h light:dark cycle
(lights on at 6:00 am) with room temperature
kept at 23-25ºC, and with free access to
water and food throughout the experiment.
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The behavioral tests were conducted during
the light period (1:00 to 5:00 pm). The ex-
periments were performed in compliance
with the recommendations of the Brazilian
Society of Neuroscience and Behavior
(SBNeC), which are based on the US Na-
tional Institutes of Health Guide for Care
and Use of Laboratory Animals.

Housing conditions

After weaning, the animals submitted to
both nutritional conditions were reared un-
der two different housing conditions: indi-
vidually in 30 x 19 x 14 cm plastic cages, or
in groups of three animals per plastic cage
(40 x 33 x 17 cm). Before the behavioral
tests, animals in each housing condition were
divided into immobilized and non-immobi-
lized subjects generating four groups: non-
immobilized reared individually (NII, N =
67); non-immobilized reared in groups (NIG,
N = 22); immobilized reared individually (II,
N = 42), and immobilized reared in groups
(IG, N = 24). The different number of ani-
mals was due to higher mortality of animals
exposed to protein malnutrition, especially
animals reared in groups.

Apparatus

The rats were placed on a wood base and
wrapped with a hospital bandage secured
with adhesive tape for the immobilization
procedure. The wood bases were constructed
according to the mean size of the animals on
the day of immobilization (day 69): 24.5 x
9.5 x 1.5 cm for well-nourished animals and
19.5 x 6.8 x 1.5 cm for malnourished ani-
mals. The EPM was made of wood and
consisted of two open arms (50 x 10 cm)
opposite to each other, crossed by two en-
closed arms (50 x 10 x 40 cm) with an open
roof (24). The maze was elevated 50 cm
from the ground. Fluorescent ceiling lights
(2 x 60 W) provided the only illumination in
the experimental room.

Procedure

On the 69th day, animals were placed on
the wood base, hand-held and wrapped with
the bandage except for the nose and the tail.
The animals remained immobilized for 2 h
before being returned to their home cages.
The non-immobilized animals were also
transported to the same room and kept undis-
turbed in their home cages during the same
period or time (2 h). Twenty-four hours later,
the animals were tested in the EPM. For the
EPM test the animals were placed individu-
ally in the center of the maze facing an
enclosed arm and allowed to explore for 5
min. The test session was recorded with a
vertically mounted video-camera (Sony,
Tokyo, Japan) linked to a monitor and VCR
in an adjacent room. The video-tapes were
later analyzed by an experimenter, and the
following behavioral categories were identi-
fied and recorded, as previously described
(11,12,25-29): 1) the percent of open-arm
entries (an arm entry defined as the rat hav-
ing all four paws into an arm), 2) the duration
of time spent in the open arms, 3) closed-arm
entries, 4) attempts to enter open arms (en-
tering an open arm with only the forepaws
and returning to the central platform or
closed arm), 5) latency to first open-arm
entry (latency to enter an open arm timed
from the start of the test), 6) rearing (rising
on the hind paws), 7) head-dipping (scan-
ning over the sides of the maze toward the
floor), 8) stretch-attend posture (forward
elongation of head and shoulders followed
by retraction to the original position). The
behavioral categories stretch-attend posture
and head-dips have been previously described
as risk-assessment behaviors (11,25,26). The
rearing category was included as a classical
measure of exploration in a novel environ-
ment (11,12). The other behavioral catego-
ries have been behaviorally and pharmaco-
logically validated for rats (24,27) and mice
(25,26,28,30) as reliable measures of fear/
anxiety levels.
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Statistical analysis

Data are  reported as means ± SEM and
were analyzed by three-way (diet, housing
condition and immobilization) analysis of
variance (ANOVA). When appropriate, post
hoc comparisons were made using the New-
man-Keuls test. The level of significance
was set at 0.05.

Results

Body weight

On day 70 the malnourished animals
weighed less than the well-nourished ani-
mals (F(1,151) = 738.60; P < 0.001), indicat-

ing that even a nutritional rehabilitation pro-
cedure did not restore the body weight defi-
cits produced by early protein malnutrition.
In addition, the weight of control and mal-
nourished animals was differentially affected
by housing conditions (F(1,151) = 12.66; P <
0.001). Control animals living in groups in-
creased their body weights as compared with
animals living individually, while malnour-
ished animals living in groups decreased
their body weights compared with animals
living individually (Table 1).

Behavioral measures

As illustrated in Figure 1, malnourished
animals showed increased percent of explo-
ration of open-arms when compared to well-
nourished animals, as indicated by a signifi-
cant effect of diet on entries (F(1,147) =
21.02; P < 0.001) and duration of time spent
in the open arms (F(1,147) = 26.58; P <
0.001). The immobilization procedure re-
duced the percent of entries (F(1,147) =
6.17; P < 0.05) and the duration of time spent
in the open arms (F(1,147) = 10.03; P <
0.05). There was a significant main effect of
housing conditions as indicated by an in-
creased percent of entries (F(1,147) = 27.68;
P < 0.001) and the duration of time spent in
the open arms (F(1,147) = 56.01; P < 0.001)
by animals raised in groups compared with
individually housed animals. ANOVA also
showed a significant diet vs immobilization
interaction in duration of time spent in the
open arms (F(1,147) = 9.19; P < 0.05), show-
ing that malnourished immobilized animals
decreased the duration of time spent in the
open arms in relation to non-immobilized
animals, as compared with no effects on
well-nourished animals. Furthermore,
ANOVA indicated a significant immobiliza-
tion vs housing interaction in duration of
time spent in the open arms (F(1,147) = 5.17;
P < 0.05), indicating that the duration of time
spent in the open arms was decreased by the
immobilization procedure in grouped ani-

Table 1. Body weight of rats at the age of 70 days
when behavioral tests were carried out.

Individual Grouped

Well-nourished 374.9 ± 6.8*+ 405.7 ± 10.7*
Malnourished 182.8 ± 4.6+ 155.6 ± 6.6

Data are reported as means ± SEM for 86 well-
nourished and 69 malnourished rats. Grouped ani-
mals were raised 3 to a cage.
*P < 0.05 compared to malnourished animals
reared in the same social condition (Newman-
Keuls test). +P < 0.05 compared to grouped ani-
mals reared in the same nutritional condition
(Newman-Keuls test).

Figure 1. Number of entries (top)
and duration of time spent (bot-
tom) in the open arms of the
elevated plus-maze by non-im-
mobilized animals reared indi-
vidually (NII) or in groups (NIG)
and immobilized animals reared
individually (II) or in groups (IG).
Data are reported as mean ±
SEM percent of total number of
entries or of total time for 17-57
rats in each group.  *P < 0.05
compared to IG in the same nu-
tritional condition (Newman-
Keuls test).
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mals as compared with no effect in the ani-
mals reared individually. Finally, ANOVA
indicated a significant diet vs immobiliza-
tion vs housing condition interaction in the
duration of time spent in the open arms
(F(1,147) = 12.36; P < 0.001). Only the
malnourished animals in the grouped condi-
tion had their performance significantly af-
fected by the immobilization procedure (P <
0.05). They presented a decreased duration
of time spent in the open arms.

As illustrated in Figure 2, closed-arm
entries were not affected by any of the vari-
ables studied. However, early protein mal-
nutrition decreased the attempts to enter open
arms (F(1,147) = 9.06; P < 0.05) as well as
the latency to first entry into the open arms
(F(1,147) = 8.89; P < 0.05). Furthermore,
rearing the animals in groups reduced their
attempts to enter open arms (F(1,147) =
8.43; P < 0.05) and the latency to first entry
into open arms (F(1,147) = 19.01; P < 0.001)
compared to animals reared individually.

As illustrated in Figure 3, rearings were
not affected by any factor studied. However,
early malnutrition produced an increase in
the head-dips as indicated by a significant
main effect of diet (F(1,147) = 8.47; P <
0.05). Animals in the immobilized groups
showed a decrease in head-dip frequencies
as indicated by a significant main effect of
the immobilization procedure (F(1,147) =
5.56; P < 0.05), and the animals reared in
groups showed an increase in head-dip fre-
quencies as indicated by a significant main
effect of housing condition (F(1,147) = 31.08;
P < 0.001). Furthermore, ANOVA indicated
a significant interaction between immobili-
zation and housing conditions (F(1,147) =
4.40; P < 0.05), indicating that in the non-
immobilized condition animals living in
groups had higher head-dip frequencies com-
pared to the same condition in the immobi-
lized condition. In addition, ANOVA also
indicated a significant diet vs immobiliza-
tion vs housing condition interaction
(F(1,147) = 4.99; P < 0.05). Only malnour-
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ished animals in the grouped housing condi-
tion had their performance significantly af-
fected by the immobilization procedure.
There was a decrease in head-dip frequency.
Finally, ANOVA revealed that animals reared
in groups showed a decrease in stretch-at-
tend posture frequency as indicated by a
significant effect of housing condition
(F(1,147) = 9.68; P < 0.05).

Discussion

The results presented here show that early
postnatal protein malnutrition significantly
reduced the body weight of the animals, as
previously reported by our group (10,31-34)
and in the literature (35-38). In addition,
social stimulation (rearing animals in groups)
increased the body weight of well-nourished
animals while reducing the body weight of
malnourished animals. It is not easy to pro-
vide a satisfactory explanation for this re-
sult. However, it is possible that malnour-
ished animals spent much more energy on
competition for food than well-nourished
animals when living in groups.

Early postnatal protein malnutrition also
produced a lower anxiety level according to
the EPM test, as indicated by high frequency
of entries and duration of time spent in the
open arms, high frequencies of head-dips,
low frequencies of attempts to enter open
arms, and low latencies to the first open-arm
entry. Stretch-attend posture was not affected
by malnutrition. The lower anxiety of mal-
nourished animals has been described in our
studies on both pre- (12,13) and post-natal
protein malnutrition (10,29,32), suggesting
that an early nutritional deficit changes the
responsiveness of rats in pain-free animal
models of anxiety. This result cannot be
attributed to changes in locomotor activity
or environmental exploration produced by
protein malnutrition since the frequency of
closed-arm entries and rearings was not af-
fected by any of the factors studied (diet,
immobilization or housing condition).

Both immobilization and social isolation
stress, the two other independent variables,
produced changes consistent with other stud-
ies (15-20). Thus, acute immobilization and
housing condition reduced all the classical
behavioral categories investigated in the EPM
(frequency and duration of open-arm explo-
ration). It was also shown that housing ani-
mals individually was more effective than
acute immobilization in producing increased
anxiety in the EPM, as observed in the other
behavioral categories, since housing condi-
tion affected all behaviors except closed-
arm entries and rearings (behaviors more
related to locomotor activity and explora-
tion), while immobilization did not affect
closed-arm entries, attempts to enter open
arms, latency to first open-arm entry, rearings,
or stretch-attend posture. Thus, while both
factors increased anxiety it appears that so-
cial condition has a stronger effect on risk-
assessment behaviors in the EPM compared
to acute immobilization stress.

The new information reported in the pres-
ent study concerns the interaction of protein
malnutrition and the other two variables,
i.e., housing and immobilization. Thus, while
in the non-immobilized condition the mal-
nourished animals showed a higher frequency
of exploration of open arms compared to
well-nourished animals, the immobilization
procedure reduced the exploration of open
arms (% time in the open arms and head-
dips) of malnourished animals to values simi-
lar to those presented by well-nourished ani-
mals. These data suggest that the introduc-
tion of an acute stress was efficient in revers-
ing differences due to diet in the level of
EPM exploration. Moreover, this influence
was more evident for animals reared in groups
than for animals living individually, leading
to a significant diet vs immobilization vs
housing condition interaction. These data
also showed that the anxiogenic effects of
acute immobilization, responsible for a higher
reduction in EPM exploration in malnour-
ished than in well-nourished rats, depended
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on housing condition, as indicated by a sig-
nificant housing condition vs immobiliza-
tion interaction. Thus, it seems clear that the
effectiveness of an acute stress depends on
the housing conditions of the animals. It
appears that living individually for a long
time (from weaning to adult age) is suffi-
ciently stressful to reduce the responses to a
different stressful procedure (immobiliza-
tion). However, living in a group prompts an

animal to exhibit a greater reaction to an
acute stress procedure. This result contrasts
with our previous report showing that short-
term social isolation reduced EPM explora-
tion in well-nourished rats but did not affect
early postnatal protein-malnourished rats
(14). Thus, we suggest that housing condi-
tion is an important factor to consider when
choosing stressful intervention to study be-
havioral responses in malnourished animals.
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