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Time–place learning is altered by perinatal
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Malnutrition produces changes in the central nervous system (CNS) of mammals during development, related
to the intensity and timing of the malnutrition insult during the pre- or postnatal period. Protein malnutrition
produces irreversible changes in hippocampal formation and some brain stem nuclei. The
suprachiasmatic nucleus (SCN) is dramatically altered by low-protein diets during the gestational and
perinatal periods. Also, it is known that circadian oscillators regulate physiological, behavioral, and
cognitive processes and there is evidence that the time–place learning process exhibits a daily temporal
distribution. The aim of this study was to determine the effects of chronic, prenatal, or postnatal
malnutrition on daily patterns of the time–place learning process in the adult rat. Forty Sprague–Dawley
male 90-day-old rats, were divided into four groups: 10 well nourished controls (Co), 10 chronically (CM),
10 prenatally malnourished (PrM), and 10 postnatally malnourished (PtM) rats. Efficiency in time–place
learning was tested by using a behavioral T-maze. Each rat was assayed for 10 trials before considering
the final probe of efficiency. Each trial was 60 seconds long, final efficiency was measured by the amount
of time the rat took to reach the end of an arm containing a water pot. Each rat was tested in 2-hour spans
until completion of a full 24-hour cycle. A Cosinor analysis was used to evaluate acrophase and
percentage of rhythmicity. The obtained results suggest that time–place learning process is influenced by
the circadian clock. The severity and timing of prenatal or chronic protein malnutrition modifies the
acrophase and rhythmicity of the learning circadian pattern, which can impact important cognitive functions.
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Introduction
There is considerable evidence indicating that physio-
logical and behavioral functions are regulated by
temporal cues. The biological clock is involved in pro-
cesses ranging from genetic expression to displaying a
specific behavior, including learning and performance
of memory. Circadian or daily organization in
mammals is mainly driven by the suprachiasmatic
nucleus (SCN), which entrains and regulates phase
and period of peripheral oscillators;1 therefore, dys-
function on the integration of the input to SCN and
its related output to other brain structures lead to

disadvantages in the internal temporal order as well
as the animal’s interaction with the cyclic
environment.2

It is well known that early protein malnutrition can
damage the vulnerable central nervous system (CNS)
and its functional development. The consequences of
protein-deficiency or protein-calorie malnutrition are
expressed as alterations during CNS maturation in
the neuroanatomical, neurochemical, and behavioral
functions. It has been reported that malnutrition
reduces brain size, body cells, dendritic arborization,
etc., resulting in functional, cognitive, or behavioral
impairments. However, depending on the type,
timing, duration, and severity of malnutrition, the
effects can be either reversible or permanent.
Malnutrition is a global problem affecting a large
population in the world, mainly children (WHO,
2006) and nearly 24% of newborns are underweight,
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with its consequences including predisposition to
neural and metabolic diseases, it is highly important
to understand the effect of malnutrition on animal
physiology.
Low-protein diets instituted during critical periods

of brain development had been reported to negatively
create an impact on some physiological and cognitive
functions in the short and long term.3–10 There is evi-
dence that protein malnutrition (induced by 6% casein
diets) produce long-term effects in the neural substrate
of hippocampal formation,11,12 and other brain areas
involved in the sleep–wake cycle regulation;4 also, it
may affect the circadian organization in rats reducing
the somatic size of SCN cells13 and alter circadian
behaviors.14–18

In humans and other mammals, attention processes
exhibit changes during the day and it is quite possible
that some of these processes are clock regulated.19 A
deficit in memory in water maze experiments was
observed in continuous phase shifting protocols in
rats20 as well as other cognitive functions,21,22 indicat-
ing that a deficit in circadian regulation may produce
deficits in cognitive and social memory23 attention
processes and learning.24 Also, there is evidence that
time–place learning is based on the ability to integrate
spatial information with temporal cues.25,26 Although
those studies explore only morning and afternoon per-
formance, it suggests that this cognitive behavior can
be driven by a circadian oscillator.
The current study was designed to explore if there is

a temporal modulation of learning by evaluating rats
in two phases of their circadian rhythms at 2-hour
intervals in the T-maze paradigm. We also aim to
determine the effects of chronic (pre- and postnatal),
pre- or postnatal malnutrition (using 6% casein diets)

in a time–place learning task using a T-maze where
water was available as a reinforcer in the water-
deprived adult rat.

Methods
Animals and housing
Sprague–Dawley male rats were obtained from several
breeders as previously published.17 Animals were born
and raised in a controlled environment that oscillated
between 20 and 24°C, light photoperiod consisted of
LD 12:12 (12 hours of light-12 hours of darkness,
lights on 8:00, lights off 20:00) and during the
dark phase of the cycle; a dim red light was used
as the background (1–3 Lx) at the Instituto de
Neurobiologia vivarium. Animals were organized in
groups as described earlier.5,27 Briefly, there were
two groups of 10 nuliparous female rats (250 g), each
were fed one of the two diets: adequate protein chow
diet (5001 laboratory rodent, Purina, St. Louis, MO,
USA) or low-protein diet (casein 6%, Teklad
Wisconsin, Madison, WI, USA) 5 weeks before
mating and thorough gestation, lactation, and until
assayed. During mating they were caged with males
in a proportion of 2:1 for a week or when sperm was
present on vaginal smears. Mating males were fed
with the diet corresponding to the assigned females.
Fig. 1 summarizes the research design. At birth,
litters were cross-fostered to a lactating mother receiv-
ing a 6% casein or chow diet. During lactation and
after weaning, the PrM and CM rats received the
low protein (6% casein) diet, whereas the Co and
PtM rats were given the chow diet. All litters contained
8 pups (6 males and 2 females). Rats were pair-housed
in hanging cages after weaning. We employed 90 120-
day-old male rats, divided into four groups, consisting

Figure 1 Malnutrition protocol.
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of 10 rats per group: (a) controls (Co), (b) chronic
(CM), (c) postnatal (PtM), and (d) prenatally (PrM)
malnourished rats.

Behavioral procedure
T-maze test
The testing apparatus was a black, wooden T-maze.
Two different T-maze measures were designed since
body size in subjects differed according to the malnu-
trition experimental group. For Co and PrM
(290–300 g body weight), the start arm was 60 cm
long and each choice arm was 40 cm long; for PtM
and CM (50–70 g), the start arm was 40 cm long and
each choice arm was 25 cm long. All arms were
10 cm wide. Water was used as a reinforcer in a petri
dish (4 cm), at the end of one arm. All subjects were
water-deprived for 12 hours before recording.
All rats were handled for 10 minutes per day for at

least 10 days before testing. All rats were individually
trained in a T-maze. Rats were acquainted with the
maze but not trained for choices, since that was not
the objective of this study. Rats were given nine trials
per training session.
After training, rats were water-deprived with food

ad libitum for at least 12-hours. Every rat was
assayed for nine trials before the probe trial (where
water tap was taken). Each trial was a maximum of
60 seconds long and if the animal did not reach
the water pot, it was withdrawn from the maze for
30 seconds before the next trial. Although the
choice was correct, drinking water was not
allowed. At the end, animals were re-located in their
home cages at least 24 hours before the next test.
The order of the trials was counterbalanced by
alternating the correct choice arm to be on either
the right or the left. After each testing period,
the rats were returned to their home cage and
allowed to drink freely. After each trial, the T-maze
surface was wiped with a diluted chlorine solution
(3%), to avoid any animal’s odor remaining from
previous trials.
Each session test consisted of 2-hour spans a day

until completing the full 24 hours. When the test had
to be run in the dark phase, a dim red-light back-
ground was used; therefore, animals were never
exposed to bright light during the dark phase of the
cycle.
During each trial, the following were considered:

start latency, which indicates the alternation strategy
in time–place learning; ambulation score (escape
latency), considered as the time spent exploring the
start arm of the maze; and mean latency as the time
used for the rat to pick the correct entry in the arm
of the maze (where the water pot was located).
Also, parameters such as spontaneous alternation
and feces and urine were observed.

Data analysis
In order to test daily rhythmicity, a Cosinor analysis
was used (COSANA software, A. Benedito-Silva,
GMDRB, Departamento de Fisiologia e Biofísica,
ICB/USP, Brazil). Parameters including acrophase
and percentage of rhythmicity were considered.
Statistical differences between groups (P< 0.05) were
obtained by means of student t-test analysis. Data on
the present work are indicated as average± SEM,
unless specified. The performance of the time–place
learning (learning efficiency) of Co rats was used as
a reference to be compared among malnourished
groups.

Results
Learning efficiency
Fig. 2 shows four daily profiles of average values
(±SE) of learning efficiency assayed in a T-maze.
Bars on graphs indicate LD 12:12 conditions. At the
top, the Co group shows clear daily variations with
maximal learning efficiency during the first half of

Figure 2 Average values (±SE) of final efficiency after 10
trials at different times of the day. Groups are indicated with
initials: control (Co), chronic (CM), postnatal (PtM), and
prenatal malnutrition (PrM).
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the dark phase, while its lower values are near lights on
and during the photic phase of the cycle.
In the Co group, 70% of the animals tested pre-

sented a significant Cosinor fit (CF, P< 0.05). CM
rats have a low-efficiency profile throughout the LD
cycle compared with Co and the CF where the data
was not significant. PtM rats displayed high scores
after lights were on and off reaching the control
100% of efficiency; nevertheless just two animals fit
to the Cosinor curve.
PrM rats better fit to Cosinor analysis; however, the

peak of performance was not enough to reach Co
levels. The only groups that showed more than 50%
of animals with significant fit to Cosinor analysis
were Co and PrM.

Acrophases analysis
Table 1 shows the average values and standard error of
acrophase for each group tested. Statistical differences
were found between Co and PrM when start latency
was compared (indicated with capital and lower-case
letters). Escape latency and mean latency were not
different among groups. Learning efficiency was
different between Co and PrM. A delay of nearly 4
hours was found in the prenatally malnourished group.

Percentage of rhythmicity
Table 2 displays average values (±SE) from the
Cosinor analysis. Larger values or percentages were
found in Co group at learning efficiency, which corre-
spond to the fitted curved shown in Fig. 2. Significant
differences in this parameter were observed in the PrM
group when analyzing start latency.

Discussion
In the present study, we show a daily cycle in a behav-
ioral parameter associated with the LD conditions in

control animals as well as the variation in rhythm
observed according to the type of malnutrition. The
place learning tested by using the T-maze shows differ-
ential response regarding the malnutrition protocol
used (chronic, pre- or postnatal).

In order to achieve the learning aim, we used a pot
of water as a reward in animals that were 12-hours-
deprived of water animals. The paradigm used
involves spatial memory that depends on the hippo-
campus and pre-frontal brain areas.28,29 The aim of
the test was to determine whether the rats were
capable of learning which arm contained the water
pot with regard to the clues present in the test room
and the time of day (time– place learning).

The learning efficiency indicated in this work con-
siders the frequency with which animals selected the
arm containing the water pot as well as the time
employed for this task (latency), at several hours
during the 24-hour LD cycle. The results obtained
indicate a clear daily rhythm on the task efficiency, dif-
ferentially affected by the kind of malnutrition proto-
col used, as shown in Fig. 1. Of particular interest,
PtM shows rhythmicity in the task, but its acrophase
is delayed with regard to that observed in controls.
Such delay has also been observed in other behaviors
and sleep cycles in the same kind of malnutrition.15,16

With regard to the effect on simple learning, all exper-
imental groups presented alterations., i.e., PtM rats
took latencies during exploration (‘stem’ latency) of
under 20 seconds decreasing the time at rest, while
CM increased the latencies. PrM rats had similar
time between activity and rest latency, while Co rats
spend more time in rest latency than that observed
in CM.

The effect of malnutrition on cognitive behavior has
been studied in relation to neuro-anatomical findings.
The effects of malnutrition have produced contradictory

Table 1 Acrophase values (Cosinor analysis) during daytime are shown for the controls (Co) and malnourishment protocols
used

Co CM PtM PrM

Start latency 6.27(±1.3)a 9.82(±1.9) 9.67(±2.2) 12.33(±0.5)A

Escape latency 12.65(±2.0) 12.86(±2.5) 11.86(±2.5) 12.7(±3.7)
Mean latency 15.47(±1.5) 18.17(±1.1) 14.43(±2.0) 9.97(±2.8)
Learning efficiency 9.45(±0.9)a 11.20(±1.8) 14.14(±2.1) 13.31(±0.9)A

CM, chronic; PrM, prenatal; and PtM, postnatal. Capital letter indicates statistical differences with its corresponding lower case.

Table 2 Percentage of rhythmicity (Cosinor)

Co CM PtM PrM

Start latency 33.4(±8.0)a 17.3(±2.8)a 27.9(±4.3)a 51.4(±6.1)A

Escape latency 24.6(±6.8) 16.8(±3.0)a 17.9(±2.9)a 35.9(±6.3)A

Mean latency 30.9(±8.2) 14.4(±1.9) 18.7(±3.3) 17.0(±4.7)
Learning efficiency 59(±6.4)A 13.0(±3.4)a b 9.3(±2.0)a b 29.0(±3.9)a B

Higher percentage values are mainly Co during learning efficiency and PrM during start latency. Capital letter indicates statistical
differences with its corresponding lower case.
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results according to the kind of malnourishment pro-
tocol used, i.e., the duration or development stage in
which it is studied.3,30

The diverse studies in relation to low-protein mal-
nutrition, high lipids, or protein-caloric malnutrition
during the perinatal period, indicate a reduction in
the number of neurons as well as the cell size, less
dendrite growing, and therefore reduced synapses
density; however, such effects seems to depend on
the phase of development when the malnutrition was
initiated.30–32

On the other hand, light effects of malnutrition may
not be observed at the anatomical level but may be
observed at the behavioral level. Behavior in animals
depends on the balance of the synthesis and recapture
of neurotransmitters in different brain areas.33 Diet
can influence these factors, particularly biogenic
amines.34 In the present study, we used different
models of malnutrition and therefore its effect on neu-
rotransmitter synthesis may be different. In PrM, it is
evident that serotonin, dopamine, and tryptophan are
increased in diverse cerebral regions during early
development and decreased in adults,35 while the
reverse was noted for norepinephrine with low levels
early and increases in adulthood, receptors to
opioids are increased,36 and gamma aminobutyric
acid (GABA) sub-units are altered.37 Diminished glu-
tamatergic activity as well as glutamate receptors
density in brain cortex has been observed in chronic
malnutrition with 8% protein diets.38

All of these changes could potentially related to the
differences found in behavioral and electrophysiologi-
cal studies in animal models of malnutrition, particu-
larly in studies related with physiology of sleep4,8,15,17

circadian rhythms,4,14,16,18 spontaneous behavior such
as play, exploration, parental care9,38 and cognition
processes.39,40

The temporal pattern in place-learning behavior
tested in this study pertains to changes in an LD
cycle of 24 hours. Daily and circadian changes are
mainly regulated by the SCN. It is known that this
structure in hypothalamus is also affected by deficient
protein malnutrition. SCN is present in cyclic physi-
ology in altricial mammals from before birth, and con-
nects different structures during the development of
CNS regulation of circadian outputs.41–44 In rats,
SCN presents rhythms from day 13 of gestation,
while synaptogenesis continues until postnata day
17.41,45,46 Therefore, the way in which each malnu-
trition protocol affects the rhythmic output depends
on how reversible the damage is, being more severe
when SCN is being formed, which may explain why
PrM rats do not display cyclic learning in the test.
PtM, however, displayed a daily cycle less robust
than CO. Differences observed in these groups may
be due to the possible effects on SCN output more

than in its development, since the ptM embryos were
on a standard nutritional protocol and possibly the
outputs were affected by the postnatal insult.
Studies in behavior are essential to understand and

thus correlate anatomical and physiological effects of
malnutrition. This is an important problem in devel-
oping countries and such studies increase our under-
standing about how reducing adverse effects will
contribute to better programs of education.
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