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ABSTRACT 

An increased number of visits and time spent in the open arms of the elevated plus-maze by malnourished rats 

has been used as indicative of lower anxiety or impulsiveness. In order to study how this behavior profile responds to an 

anxiogenic procedure (short-term social isolation), control (16% protein) and malnourished (6% protein) rats were 

socially isolated prior to the test in the maze. Litters (dam plus 6 male 2 female pups) were fed the diets from birth to 49 

days of age. From 50 days on, all rats were fed a lab chow diet. Social isolation consists in removing the rats from the 

group and placing in individual cages for 2h before the test. During the test each rat was individually placed on the center 

of the maze and allowed to explore for 5 min. The results showed higher open arms exploration and lower attempts to 

enter open arms by the malnourished rats than by the controls. Social isolation decreased open arm exploration and 

increased time spent on the central platform in control animals, but had no effect on the malnourished rats. The results 

reinforce the lower anxiety or higher impulsiveness of malnourished rats, as well as the anxiogenic effect of social 

isolation in control rats. However, the malnourished rats were unresponsive to the anxiogenic effects of social isolation, 

indicating that protein deficiency early in life not only induces lower anxiety or higher impulsiveness in the maze, but 

also changes the behavior of these animals in response to another environmentally-induced procedure of anxiety (social 

isolation). 
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It has been consistently demonstrated in our 

laboratory that postnatal protein or proteincalorie 

malnutrition causes an increased exploration of the 

open arms of the elevated plus-maze. This increased 

exploration has been interpreted as lower anxiety and/or 

increased impulsiveness in previously malnourished 

animals (Almeida, De Oliveira, & Graeff, 1991; 

Almeida, Garcia, & De Oliveira, 1993; Almeida, 

Garcia, Cibien, et al., 1994;  Santucci, Daud, Almeida, 

& De Oliviera, 1994; Moreira, De Araújo, De Oliveira, 

& Almeida, 1997). In addition, prenatal protein 

malnourished rats showed both an increased exploration 

of the open arms of the elevated plus maze and a lower 

inhibitory avoidance latency in the elevated T-maze test 

(Almeida, Tonkiss, & Galler, 1996a,b), supporting the 

suggestion that early protein malnutrition induces a 

lower anxiety and/or  higher impulsiveness in rats. This 

interpretation also finds support in the study of Brioni 

and Orsingher (1988) who described an increased 

exploration by previously protein malnourished rats in 

the classical light – dark transition test. 

Other studies in our laboratory have also shown 

differences in the ontogeny of the exploration in the 

elevated plus-maze between malnourished and control 

rats, with the anxiety generated by the open arms of the 

maze appearing at later ages in malnourished rats than 

in controls (Almeida et al., 1993). Futhermore, an 

ethological analysis showed that early protein 

malnutrition changes several behaviors indicative of 

anxiety in the plus-maze addition to the traditional open 

arms exploration measures (Almeida et al., 1993; 1994; 

1996a; Santucci et al., 1994; Moreira et al., 1997). 

If the reason for the increased exploration of 

the elevated plus-maze by the malnourished rats is the 

lower anxiety of these animals, then the introduction of 

an anxiogenic procedure before the test in the maze 

may reduce the open arm exploration by malnourished 

rats and help to reduce differences due to diet. 

However, this anxiogenic procedure should be based on 

naturalist models to avoid the use of painful aversive 

stimuli, since early protein malnutrition has consistently 

proved to decrease shock threshold in rats (Smart, 

Whatson, & Dobbing, 1975; Lynch, 1976; Almeida, De 

Oliveira, Bichuette, & Graeff, 1988; Almeida, Soares, 

Bichuette, Graeff, & De Oliveira, 1992; Rocinholi, 

Almeida, & De Oliveira, 1997).  

It has been demonstrated that social isolation 

for both long (Jankowska, Pucilowski, & Kotowsk, 

1991; Wright, Upton, & Marsden, 1991; Motta, 

Maisonnette, Castrechini, & Brandão, 1992) and short 

periods of time (Maisonnette, Morato, & Brandão, 

1993) is an efficient anxiogenic procedure, inducing 

significant reduction in the exploration of the open arms 

of the elevated plus-maze. It was demonstrated that 

even 2h of social isolation significantly increased the 

anxiety in rats exposed to the elevated plus-maze 

(Maisonnette et al., 1993). 

Thus, the main objective of the present study 

was to determine whether an anxiogenic procedure 

(short-term social isolation) introduced before the test 

in the elevated plus-maze, can be efficient in reducing 

the exploration of the open arms of the maze by 

malnourished rats and, consequently, in decreasing the 

well documented differences due to diet. 

 

MATERIALS AND METHODS 

Subjects 

Thirty-five male Wistar rats from the animal 

colony of the Ribeirão Preto Campus of the University of 

São Paulo were used. During the lactation period (21 

days), each litter was culled to six male and two females 

on the day of birth. From the same day on, the dams and 

pups were placed in transparent plastic cages (35 x 30 x 20 

cm) and randomly assigned to receive either a 6% or a 

16% protein diet ad libitum. The two diets were isocaloric 

and prepared according to Almeida et al. (1994). The 

proteindeficient diet contained 6% protein (casein), 5% 

salt mixture, 1% vitamin mixture, 8% corn oil, 0.2% 

choline, and 77.8% cornstarch. The normal protein diet 

contained 16% protein, 60.8% cornstarck, and the 

percentage of the other constituents as in the protein-

deficient diet. The two diets were supplemented with L-

methionine (2.0 g/kg of protein) since casein is deficient in 

this amino acid. The litters were maintained on these diets 

until the end of lactation (21 days). After weaning (21 

days of age), one male pup from each litter was randomly 

chosen to compose groups of four animals per cage; and 

all groups were fed the same diets that were administrated 

to their dams during the lactation phase until 49 days of 

age. From 50 to 70 days of age (nutritional recovery 

period) all animals were fed a balanced lab chow diet 

(Purina, Brazil). The rats were maintained on a 12L: 12D 

cycle and room temperature was kept at 23-25°C. 

Apparatus 

The elevated plus-maze was made of wood and 

consisted of two open arms (50 x 10 cm) opposite to each 

other, crossed by two enclosed arms (50 x 10 x 40 cm), 

with an open roof (Pellow et al., 1985). The maze was 

elevated 50cm from the ground floor. Fluorescent ceiling 

lights (2 x 60 W) provided the only illumination in the 

experimental room. 

Procedure 

At 70 days of age, half of the animals were 

maintained in groups of four per cage and the other half 

was socially isolated in individual transparent plastic cages 

(31 x 20 x 13 cm) for 2h before the test in the maze 

(Maisonnette et al., 1993). The groups consisted of 7 – 10 

animals per experimental condition. Only one rat per litter 

was used. Each animal was placed individually in the 

center of the maze facing an enclosed arm and allowed to 

explore during a 5-min session. The test session was 

recorded by a vertically mounted videocamera linked to a 

monitor and VCR in an adjacent room. The videotapes 

were analyzed by an experimenter blind to the treatments, 

and the following data were recorded: (a) % open arm 

entries (number of open arm entries/total number of open 

+ closed arm entries x 100); (b) % time spent in the open 

arms (time in open arms/total time in open + closed arms x 

100); (c) closed arm entries; (d) number of attempts to 

enter open arms (entering an open arm with the forepaws 
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only and returning to the central platform or closed arm); 

and (e) time spent in the central platform. 

 

Statiscal Analysis 

The body weights of the nutritional groups 

were compared by the Student t-test and the behavioral 

data in the elevated plus-maze by two-way (nutrition by 

social condition) analysis of variance (ANOVA). Post-

hoc analysis was conducted by Newman – Keuls Tests. 

 

RESULTS 

 

Body Weight 

Body weight at 70 days of age was 325.7 + 6.7 

and 293.3 + 10.3 (mean + SEM) for well-nourished and 

previously malnourished rats, respectively. The 

difference was statistically significant, t(33) – 2.89, p. 

<0.01. 

 

Elevated Plus-Maze 

Previously malnourished animals showed a 

higher percentage of open arm entries, as indicated by a 

significant main effect of diet F(1,31)=115.24, p<0.001. 

Animals socially isolated for 2h before the test showed 

a lower percentage of open arm entries, as indicated by 

a significant main effect of social condition 

F(1,31)=37.45, p<0.001. However, the great reduction 

in open arm entries in socially isolated control animals 

contrasted with almost no effect on malnourished 

animals, resulting in a significant nutritional by social 

condition interaction, F(1,31)=26.73, p<0.001. As 

illustrated in Figure 1, post-hoc analysis showed that 

social isolation produced a significant decrease in open 

arm entries only in control animals (p<0.05). 

ANOVA showed the same results about the 

percentage of time spent in open arms, as indicated by a 

significant effect of diet F(1,31)=278.44, p<0.001; 

social condition F(1,31)=42.05, p<0.001 and diet by 

social condition interaction F(1,31)=32.02, p<0.001. As 

evidenced by the percentage of open arm entries, the 

percentage of time spent in the open arms was reduce 

by social isolation only in control animals (p<0.05) 

(Figure 2). 

As illustrated in Figure 1, only social isolation 

affected the number of closed arm entries. Socially 

isolated animals decreased the number of closed arm 

entries, as indicated by a significant main effect of 

social condition F(1,31)=4.74, p<0.05. No effects of 

diet or diet by social condition interactions were 

observed. 

Malnourished animals spent less time in the 

central platform, as indicated by a significant main 

effect of diet F(1,31)=57.37, p <0.001. Animals socially 

isolated for 2h before the test spent more time in the 

central platform, as indicated by a significant main 

effect of social condition F(1,31)=15.65=p<0.001. 

However, social isolation increased the time spent in 

the central platform for control animals and did not 

affect the behavior of malnourished animals, resulting 

in a significant nutrition by social condition interaction, 

F(1,31)=9.75, p<0.01. As illustrated in figure 2, post-

hoc analysis showed that social isolation produced a 

significant increase in time spent in the central platform 

only control animals (p>0.05). 

Malnourished animals showed a lower number 

of attempts to enter the open arms, as indicated by a 

significant main effect of diet F(1,31)=25.58, p<0.001. 

Animals socially isolated for 2h before the test showed 

an increase in the number of attempts to enter open 

arms, as indicated by a significant main effect of social 

condition F(1,31)=32.05, p<0.001. However, social 

isolation produced a higher increase in the attempts to 

enter open arms for the control animals as compared to 

malnourished animals, resulting in a significant 

nutritional by social interaction, F(1,31)=4.64, p<0.05. 

As illustrated in figure 2, post-hoc analysis showed that 

social isolation produced a significant increase in the 

attempts to enter open arms in both nutritional groups 

(p<0.05). 

 

 

 

 
 

Figure 1. Number of closed arm entries (top), percentage of open 

arm entries (middle) and percentage of time spent in the open 

arms (bottom) of the elevated plus-maze. Animals were well-

nourished © or previously malnourished (M) from birth to 49 

days of age and maintained in groups (open bars) or socially 

isolated for 2h (hatched bars) before the test in the elevated plus-

maze. Data represent the mean + SEM of 7-10 animals per 

condition. *p <0.05 compared to grouped rats in the same 

nutritional condition. 

  



S. S. ALMEIDA ET AL. 

126 

 
Figure 2. Time on the center platform (top) and attempts to enter 

open arms (bottom) in the elevated plus-maze. Animals were 

well-nourished (C) or previously malnourished (M) from birth to 

49 days of age and maintained in groups (open bars) or socially 

isolated for 2h (hatched bars) before the test in the elevated plus-

maze. Data represent the mean = SEM of 7-10 animals per 

condition. *p <0.05 compared to grouped rats in the same 

nutritional condition. 

 

DISCUSSION 
Early postnatal protein malnutrition led to 

significant decreases in rat body weight as previously 

reported by our group (Santucci et al., 1994; Rocinholi et 

al., 1997) and by others (Rocha & Mello, 1994). 

Concerning the behavioral in the elevated plus-

maze, the first observation was that short-term social 

isolation is an effective anxiogenic procedure as 

previously described in the literature (Maisonnette et al., 

1993). Social isolation decreased the percentage of entries 

and time spent in the open arm entries, increased the time 

spent in the central platform and increased the number of 

attempts to enter the open arms. 

Protein malnutrition increased the percentage of 

open arm entries and the time spent in the open arms. 

These results are in accordance with previous studies 

conducted in our laboratory; indicating a lower anxiety or 

higher impulsiveness in previously malnourished animals 

(Almeida et al., 1991; 1993;1994; Santucci et al., 1994; 

Moreira et al., 1997). In addition, the shorter time spent in 

the central platform and the lower number of attempts to 

enter the open arms displayed by malnourished rats 

support the suggestion of lower anxiety and/or higher 

impulsiveness. Since the central platform is considered as 

a “decision area” where the animal chooses to enter open 

or closed arms (Trullas, Jackson, & Skolnick, 1989), then 

a shorter time spent in this area could indicate lower 

conflict in the situation. This lower conflict is in 

accordance with the higher percentage of open arm entries 

and with the lower attempts to enter the open arms. While 

well-nourished rats assess the risk of entering the open 

arms by placing the two front paws is the open arms and 

returning to the two front paws in the open arms and 

returning to the central platform or enclosed arms, 

malnourished animals spend less time in this assessment 

and decide, more frequently, to enter the open arms. Taken 

together, these results suggest that early protein 

malnutrition changes the response of the animals in the 

direction of a lower anxiety or higher impulsiveness in the 

elevated plus-maze test. The suggestion of a higher 

impulsiveness is an interesting one because early 

malnourished animals exhibited a lower performance in a 

classical experimental model of behavioral inhibition 

named DRL (differential reinforcement of low rates), as 

described by Brioni and Orsingher (1988) and Tonkiss, 

Galler, Formica, Shukitt-Hale, and Timm (1990). 

Short-term social isolation significantly decreased 

the exploration of open arms by the well-nourished 

animals as previously described in the literature 

(Maisonnette et al., 1993), but did not affect the behavior 

of malnourished animals tested under the behavior of 

malnourished animals tested under the same conditions. 

The differential effect of social isolation on malnourished 

animals indicates that even the introduction of a proven 

anxiogenic procedure prior to the test in the maze was not 

sufficient to reduce the exploration on the open arms. The 

exact mechanism by which social isolation increases the 

anxiety and decreases the exploration of the elevated plus-

maze is not fully known, but previous studies have 

demonstrated that isolation also produces hypertension 

(Naranjo & Fuentes, 1985), neurochemical changes (Blanc 

et al., 1930), maze learning deficits (Wood & Greenough, 

1974), and greater tail-flick latencies (Gentsch, 

Lichsteiner, Frischknecht, Feer, & Siegfried, 1988). 

Concerning the neurochemical changes, it has been 

demonstrated that social isolation alters the serotonergic 

neurotransmitter system (Popova & Petkiv, 1990; Valzelli, 

1984). 

Protein malnutrition per se has been consistently 

shown to produce alterations in the activity of the 

serotonergic neurotransmitter system (Almeida, Tonkiss, 

& Galler, 1996c). Thus, the malnourished animals could 

be reacting differentially to the social isolation as a result 

of such changes in the activity of the serotonergic system. 

Another possible explanation for the 

unresponsiveness of the malnourished animals to the 

anxiogenic effect of social isolation could be that the 

malnutrition procedure per se is considered as an 

environmental factor causing stress (Adlard & Smart, 

1972). Thus, once the malnourished animals experienced 

the stress of malnutrition early in life, it could help them, 

in the future, to cope more efficiently with another 

stressful situation, such as social isolation. 

Finally, the fact that a proven anxiogenic 

procedure did not change the behavior of malnourished 

animals in the elevated plus-maze, in contrast with a true 

anxiogenic effect on wellnourished rats, could also suggest 

that higher exploration of open arms by malnourished rats 

should be mainly due to a higher impulsiveness rather than 

to a lower anxiety. Thus, the high impulsiveness of these 

animals, as suggested by previous works from our 

laboratory (Almeida et al., 1996a,b; Moreira et al., 1997) 

and by DRL produces (Brioni & Orsingher, 1988; Tonkiss 
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et al., 1990), could be the main reason for the higher open 

arm exploration. This hypothesis is particularly interesting 

since early protein malnutrition changes the morphology 

(Cintra, Diaz-Cintra, Galvan, Kemper, & Morgane,  1990; 

Jordan, Howells, Mcnaugthon, & Heatlie,1982; Lewis, 

Patel, & Balaz, 1979), neurophysiology (Bronzino, 

Austin-Lafrance, & Morgane, 1990; 1991a,b; Jordan & 

Clark, 1983) and neurochemistry (Almeida et al., 1996c; 

Chen, Tonkiss, Galler, & Volicer, 1992; Blatt, Chen, 

Rosene, Volicer, & Galler, 1994) of the hippocampal 

formation, a brainn region described as especially 

important in the modulation of behavioral inhibition in 

mammals (Graeff, 1994; Gray, 1982a,b). The lower 

attempts to enter the open arms of the maze by the 

malnourished rats in the present study reinforce the 

suggestion of a deficit in behavioral inhibition. 

Malnourished animals do not assess properly the risk of 

entering the open arms of the elevated plus-maze when 

compared with well-nourished control rats. 

Despite the uncertainty about the cause of higher 

open arm exploration in the maze observed in 

malnourished animals in the present study (lower anxiety 

vs higher impulsiveness), it was clearly shown that early 

protein  malnutrition causes unresponsiveness to an 

environmentally-induced anxiety procedure (short-term 

social isolation). Whether this unresponsiveness is caused, 

at least in part, by structural and neurochemical changes in 

serotonergic brain systems in malnourished animals is a 

point that needs further investigation. 
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