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SANTUCCI, L. B.,, M. M. DAUD, S. S. ALMEIDA AND L. M. pE OLIVEIRA. Effects of early protein mainutri-
tion and environmental stimulation upon the reactivity to diazepam in two animal models of anxiety. PHARMACOL
BIOCHEM BEHAYV 49(2) 393-398, 1994, — In order to investigate the effects of early protein malnutrition and environmental
stimulation upon the response to the anxiolytic properties of diazepam, two animal models of anxiety (elevated plus-maze and
light-dark transition tests) were used. Rats were malnourished by feeding their dams a 6% protein diet during the lactation
period (0-21 days of age) while well-nourished controls received a 16% protein diet. From 21 to 70 days of age all rats received
a balanced lab chow diet. Environmental stimulation consisted of 3-min daily handling from birth to 70 days of age.
Additional stimulation was provided from 21 to 70 days of age by rearing the rats in an enriched living cage. Eight groups of
rats were studied in a 2 (malnourished or well-nourished) x 2 (stimulated or nonstimulated) X 2 (diazepam or vehicle)
design. At 70 days of age, independent groups of rats treated with diazepam (2.5 mg/kg, IP) or vehicle were submitted to
testing in the elevated plus-maze or light-dark transition procedures. The results showed that both diazepam and environmen-
tal stimulation reduced anxiety in the elevated plus-maze; stimulation changed the anxiolytic response to diazepam and the
two diet conditions altered differentially the response to both pharmacological and stimulation procedures. These results
suggest that environmental stimulation can affect differentially the behavioral response of malnourished and well-nourished
rats treated with diazepam.

Early protein malnutrition Enriched environment Handling Anxiety Diazepam Rats

THE interaction between early malnutrition and environmen-
tal manipulations upon behavior has received increased atten-
tion in recent years. Previously reported results have shown
body and brain growth deficits after malnutrition. These ef-
fects are more intense to developing brain, especially if malnu-
trition occurs during the neonatal period, leading to deficits
that are not fully recovered by subsequent nutritional rehabili-
tation (29,45-47). These long-term effects are evidenced by
alterations of neurohistological (7,12,13,31), electrophysio-
logical (8,9,22,23,47), and biochemical parameters (53), as
well as neurological (30) and behavioral manifestations (2-
6,21,28,41,50).

The behavior of adult rats in tests of learning and anxiety
is dependent, to a great extent, on their experiences during
early life. Animals reared in a complex environment show
both superior performance in problem solving (26,28,51) and
alterations of morphological parameters (15,16,35,52) com-
pared to groups reared in restricted environment or isolated
conditions. Furthermore, the stimulation produced by daily
handling of the neonatal rats has been reported to decrease
emotionality in the open-field test when tested as adults (33).
This group had a lower defecation and urination score and a
greater degree of exploratory activity in a novel situation. On
the other hand, early social or environmental isolation in-
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creases the emotional response of rats (42). In addition, mal-
nutrition early in life combined with environmental isolation,
reduces exploratory behavior. The effect of malnutrition on
emotionality is exaggerated by environmental isolation and
decreased by environmental stimulation (38). Thus, it has been
observed that the effects of early malnutrition can be reversed
by environmental stimulation concurrent with the malnutri-
tion, or later, during the nutritional recovery period (1,11,14,
25,35).

The great majority of studies concerning the long-term ef-
fects of protein malnutrition on animal models of anxiety have
utilized painful aversive stimulation and/or food and water
deprivation procedures. However, because malnourished ani-
mals have consistently demonstrated a lower shock threshold
(5,41,50) and a higher motivation for food and water rewards
(10,49), the use of these procedures with malnourished ani-
mals lead to problems of interpretation.

An anxiety model that uses the natural exploratory behav-
ior of rats has been developed based on the natural aversion
of rodents to heights and open spaces (44). This procedure has
been termed the elevated plus-maze test (34,48), and has been
validated for rats (48) and mice (39). The percentage of entries
and the time spent in the open arms are taken as measures of
anxiety, and the total arm entries (open + closed) provide a
measure of overall activity. Placing the rat on the central plat-
form of the elevated plus-maze can evoke both the exploratory
drive and the fear drive, thus generating an approach-avoid-
ance conflict behavior. Jointly with the classical light-dark
transition test (21), the elevated plus-maze test was chosen for
the present study, because it does not involve training, the use
of painful stimuli, or food/water deprivation.

Early protein malnourished rats have previously been re-
ported to show increased exploration of the elevated plus-
maze (4,6), increased number of transitions in the light-dark
transition test (21), and lower reactivity to the anxiolytic ef-
fects of benzodiazepines (2,3,4,5,20,21). Thus, the objective
of the present study was to investigate the effects of environ-
mental stimulation upon these same measures of anxiety fol-
lowing protein malnutrition.

METHOD

Animals

Two hundred male Wistar rats from the animal house of
the Campus of Ribeirdo Preto of the University of Sdo Paulo
were used. Within 12 h of birth, the male pups were weighed
and randomly assigned to a litter of six per dam. The dams
and pups were placed in transparent plastic cages (35 X 30 x
20 cm) and randomly assigned to receive ad lib either a 6% or
a 16% protein diet. The two diets were isocaloric and prepared
according to Barnes et al. (10). The protein-deficient diet con-
tained 6% protein (casein), 5% salt mixture, 1% vitamin mix-
ture, 8% corn oil, 0.2% choline, and 77.8% cornstarch. The
normal protein diet contained 16% protein, 60.8% corn-
starch, and the same 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 defi-
cient in this amino acid. The litters were maintained on these
diets until the end of lactation (21 days). After weaning, the
pups were maintained in individual metal cages (20 X 25 X
15 cm) and were fed a balanced lab chow diet (Purina, Brasil).
The rats were maintained under 12 L : 12 D cycle (lights on at
0700 h) 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,
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crossed by two enclosed arms (50 x 10 x 40 cm), with an
open roof (48). The maze was elevated 50 cm from the ground
floor. Fluorescent ceiling lights (2 x 60 W) from the ceiling
provided the only illumination in the experimental room.

A two-chambered wooden cage (80 x 40 x 20 cm) was
used (21). The cage was divided in the middle to provide a
lighted and a dark chamber. Its floor was painted white and
divided into 10 X 10 cm squares by black lines. Fluorescent
ceiling lights (2 X 60 W) provided the only illumination for
the lighted side.

Procedure

Environmental stimulation. Half of the pups of each diet
condition were submitted to daily handling from the day of
birth until 70 days of age. The other half was maintained
without manipulation. The handling consisted in placing the
animal in one hand and, with the thumb finger of the other
hand, making cranio-caudal movements upon its dorsal region
for 3 min. After eye opening, the handling was conducted
outside of the animal room to provide additional visual and
auditory stimulation. After weaning (22-70 days of age) the
animals were also exposed to olfactory stimulation by coating
the hands with a deodorant (Miss France, Gessy Lever Ltd.)
prior to handling. Also after weaning, the handled animals
were maintained in individual metal cages enriched with a
variety of objects such as wooden blocks, plastic platforms,
stairs, mirrors and marbles. The nonstimulated animals were
maintained in similar metal cages without these objects. Thus,
eight experimental groups were constituted: well-nourished
animals submitted to environmental stimulation by handling
plus enrichment of their home cages and treated with vehicle
(WSV) or diazepam (WSD); well-nourished nonstimulated
and treated with vehicle (WNV) or diazepam (WND); mal-
nourished stimulated and treated with vehicle (MSV) or diaze-
pam (MSD) and malnourished nonstimulated treated with ve-
hicle (MNV) or diazepam (MND).

Elevated plus-maze test. At 70 days of age the animals of
each group were placed individually at the center of the maze
facing an enclosed arm and allowed to explore for 5 min.
During this period, the number of entries and time spent in
open and enclosed arms were recorded with a Sony videocam-
era, linked to a monitor and VCR in an adjacent room. The
arm entries were defined as entry of all four paws into the
arm.

Light-dark transition test. At 70 days of age the animals
of each group were placed individually in the light compart-
ment of the cage and allowed to explore for 10 min. During
this period, the number of transitions from one side to the
other, the number of squares crossed in the light compart-
ment, and the number of attempts to enter the light compart-
ment were recorded as in the elevated plus-maze test. A transi-
tion was recorded when the animal crossed with all four paws
from one side to the other, independently of the direction of
the transition, and attempts to enter were recorded when the
animal placed its two front paws in the light compartment
before returning to the dark compartment.

Drugs

Diazepam (Roche) was suspended in distilled water con-
taining 2% Tween 80 and injected IP (2.5 mg/kg) in a volume
of 1 ml/kg. Vehicle was prepared adding 2% of Tween 80 in
distilled water. Vehicle and diazepam were injected 15 min
before the elevated plus-maze and light-dark transition tests.
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Statistical Analysis

The weight of animals was analyzed by the Student’s #-test.
The behavioral measures were analyzed by an Analysis of
Variance (ANOVA) followed by the Tukey test for multiple
comparisons (24).

RESULTS
Body Weight

Body weights of early malnourished animals were signifi-
cantly lower than those of control animals. At 21 days of
age, the body weight (mean + SEM) was 45.14 + 0.53 g and
18.08 + 0.25 g for control and malnourished rats, respec-
tively. This difference was statistically significant, #(198) =
46.48, p < 0.001. Following 7 weeks of nutritional recovery,
differences in body weight remained. Body weights at 70 days
of age were 316.54 + 4.86 g and 263.55 + 3.66 g for control
and malnourished rats, respectively. The difference remained
statistically significant, #(198) = 8.71, p < 0.001. Environ-
mental stimulation did not affect the body weights of the rats.

Elevated Plus-Maze

Analysis of the percentage of open arms entries showed
significant effects of environmental stimulation, F(1, 88) =
16.77, p < 0.001 and pharmacological treatment, F(1, 88) =
29.90, p < 0.001 but no significant effects of diet, F(1, 88)
= 1.70, p > 0.05. Environmental stimulation and diazepam
both increased exploration of the open arms. Multiple compar-
isons showed that the diazepam increased open arms entries
and the time spent in the open arms in the well-nourished
nonstimulated animals (p < 0.05), but did not change the
behavior of malnourished nonstimulated animals. On the
other hand, diazepam did not increase the exploration of open
arms in well-nourished stimulated animals, but increased the
time spent in the open arms in malnourished stimulated ani-
mals (p < 0.05). The increase in the time spent in the open
arms caused by the environmental stimulation in the malnour-
ished animals treated with diazepam also reached statistical
significance (p < 0.05) (Fig. 1). The analysis of total arm
entries showed only a main significant effect of pharmacologi-
cal treatment, F(1, 88) = 4.34, p < 0.05, indicating that di-
azepam increased locomotor activity in the maze (Fig. 2).

Light-Dark Transitions

The analysis of light-dark transitions showed no main ef-
fects of diet, environmental stimulation, or pharmacological
treatment. However, significant diet X environmental stimu-
lation, F(1, 98) = 10.36, p < 0.002, and environmental stim-
ulation x pharmacological treatment, F(1, 98) = 6.49, p <
0.01, interactions were found. These data indicate that mal-
nourished and well-nourished animals reacted differently to
the environmental stimulation, and that environmental stimu-
lation modified the rat’s response to the diazepam treatment.
Multiple comparisons showed that environmental stimulation
decreased light-dark transition in well-nourished animals
treated with diazepam (p < 0.05) and that malnourished rats
showed more transitions as compared with well-nourished ani-
mals (Fig. 3) in the stimulated groups treated with diazepam.

When the locomotor activity (measured by the number of
square entries in the light compartment of test cage) was
nalyzed, no significant main effects of diet, environmental
timulation, or pharmacological treatment were found. How-
ever, significant diet X environmental stimulation, F(1, 98)
= 4.63,p < 0.03, and environmental stimulation X pharma-
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FIG. 1. The effects of malnutrition, environmental stimulation, and
diazepam (2.5 mg/kg) on the percentage of open arms entries (open
bars) and the percentage of time spent in the open arms (hatched bars)
of the elevated plus-maze. Vertical bars represent the SEM of 12 rats.
WNYV = well-nourished nonstimulated treated with vehicle; WND =
well-nourished nonstimulated treated with diazepam; WSV = well-
nourished stimulated treated with vehicle; WSD = well-nourished
stimulated treated with diazepam; MNV = malnourished nonstimu-
lated treated with vehicle; MND = malnourished nonstimulated
treated with diazepam; MSV = malnourished stimulated treated with
vehicle and MSD = malnourished stimulated treated with diazepam.
*» < 0.05 WNV x WND; Ap < 0.05 WNV x WND; #p < 0.05
MND X MSD; +p < 0.05 MSV x MSD (Tukey tests).

cological treatment, F(1, 98) = 4.94, p < 0.02, interactions
were demonstrated. These data indicate that malnourished
and well-nourished animals reacted differently to the environ-
mental stimulation procedure, and that environmental stimu-
lation modified the response to diazepam treatment. Multiple
comparisons showed that environmental stimulation reduced
the locomotor activity of well-nourished rats treated with diaz-
epam (p < 0.05) but did not modify this response in the mal-
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FIG. 2. Effects of malnutrition, environmental stimulation, and di-
azepam on total arm entries. See legend of Fig. 1.
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FIG. 3. Effects of malnutrition, environmental stimulation, and
diazepam on number of light-dark transitions. See legend of Fig. 1.
*p < 0.05 WSD x MSD (Tukey tests).

nourished animals treated with diazepam (Fig. 4). The analysis
of attempts to enter the light compartment of the test cage
showed only a significant effect of environmental stimulation,
F(1, 98) = 29.92, p < 0.01, indicating that stimulated ani-
mals made more attempts to enter the light box as compared
with nonstimulated animals.

DISCUSSION

The lower body weight of malnourished animals is consis-
tent with previous reports showing that a protein deficient diet
during the lactation period impairs normal development, and
that even a prolonged nutritional recovery period is not suffi-
cient to equalize the body weights of malnourished and well-
nourished animals (10,28,29,38,47,49).
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FIG. 4. Effects of malnutrition, environmental stimulation, and
diazepam on number of squares entries and number of attempts to
enter the light compartment of the light-dark cage. See legend of Fig.
1. *p < 0.05 WSD x WND (Tukey tests).
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The overall effect of environmental stimulation was to in-
crease the exploration of open arms in the elevated plus-maze.
This finding confirms previous results showing that both han-
dling and prolonged exposure to an enriched environment re-
duce the fear response of rats in several animal models of
anxiety (18,32,40). Reduction of fearfulness in adulthood fol-
lowing environmental stimulation has also been shown by
fewer defecation, increased ambulation in an open field test,
lower novelty-induced corticosterone response (36,43), and
better two-way active avoidance acquisition (37). Chronic
handling also results in less hyponeophagia and higher
H)flunitrazepam binding in the whole rat brain, fewer learn-
ing and memory-related deficits, and less hippocampal neu-
ronal death with aging (18,43). This fear-reducing effect of
environmental stimulation is further confirmed by the higher
number of attempts to enter the light compartment of the
light-dark cage in the animals subjected to handling plus en-
riched environment in this study.

Multiple comparisons showed that diazepam increased
both the numbers of entries and time spent in the open arms
in well-nourished nonstimulated rats, but did not affect open
arm exploration in the malnourished nonstimulated animals.
These results are consistent with previously reported results
showing that early protein malnutrition leads to a lower reac-
tivity to the anxiolytic effects of benzodiazepine (2,3,4,5,
20,21) and nonbenzodiazepine anxiolytics (3).

The statistically significant interaction between diet and
environmental conditions in the light-dark transition test
showed that environmental stimulation differentially affected
the behavior of malnourished and well-nourished animals. En-
vironmental stimulation increased total transitions and lo-
comotor activity in malnourished rats while it decreased this
measures in well-nourished animals. On the other hand, the in-
creased number of attempts to cross to the light compartment
of the light-dark cage in stimulated animals (Fig. 4), indicate
more attempts to interact with the aversive stimulus (white
light). Because animals present a stretched attend/approach
posture similar to that described by Blanchard et al. (17), this
may represent an increase in the risk assessment behavior.

The significant interaction between environmental stimula-
tion and pharmacological treatment observed in the current
study also confirms previously reported results showing that
stimulation reduces the anxiolytic effects of benzodiazepines
in animal models of anxiety (19). This reduction of anxiolytic
effects of benzodiazepines in environmentally stimulated ani-
mals has been interpreted as an alteration in the GABA-
benzodiazepine neurotransmitter system produced by environ-
mental stimulation (19). Thus, postnatal handling has been
observed to reduce the novelty-induced fear response and in-
crease ["H]flunitrazepam binding in the brain (18). It has been
also showed (27) that handling can modify the GABA-BZ-
Cl ionophore receptor complex increasing the number of low
affinity ["H)GABA binding sites. As pointed out by Brett and
Pratt (19), these data suggest that rats habituated to handling
represent a normal unstressed state, and that the ability of diaz-
epam to modify GABA function may depend on the emotional
state of the animal. This suggestion was affirmed by their find-
ing that handled rats did not react to the anxiolytic effects of
diazepam in the elevated plus-maze. These and our data indicate
that chronically handled well-nourished rats were less stressed
in the plus-maze situation than unhandled animals.

The opposite was observed in malnourished animals ex-
posed to environmental stimulation. Diazepam increased the
time spent on the open arms in these animals. These data
suggest that environmental stimulation may be acting differ-
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ently in malnourished rats than in well-nourished rats, leading
to an alteration in the response of GABA-BZ-Cl ionophore
receptor complex. Such an alteration could play a significant
role in determining the differences in reactivity to the anxio-
lytic effects of diazepam between malnourished and well-
nourished rats subjected to environmental stimulation. Thus,
in further studies, it will be interesting to investigate how the
GABA-BZ-Cl ionophore receptor complex of malnourished
rats reacts in response to environmental stimulation proce-
dures.
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