
Research Article
Effect of Resveratrol as Caloric Restriction Mimetic
and Environmental Enrichment on Neurobehavioural
Responses in Young Healthy Mice

Mustapha Shehu Muhammad,1 Rabiu Abdussalam Magaji,2 Aliyu Mohammed,2

Ahmed-Sherif Isa,2 and Mohammed Garba Magaji3

1 Department of Human Physiology, College of Medical Sciences, Gombe State University, Gombe 760214, Nigeria
2 Department of Human Physiology, Faculty of Medicine, Ahmadu Bello University, Zaria 810001, Nigeria
3 Department of Pharmacology andTherapeutics, Faculty of Pharmaceutical Sciences, Ahmadu Bello University, Zaria 810001, Nigeria

Correspondence should be addressed to Mustapha Shehu Muhammad; msmuhammad@gsu.edu.ng

Received 17 May 2014; Accepted 6 August 2014; Published 18 August 2014

Academic Editor: Valerio Magnaghi

Copyright © 2014 Mustapha Shehu Muhammad et al. This is an open access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Caloric restriction and environmental enrichment have been separately reported to possess health benefits such as improvement in
motor and cognitive functions. Resveratrol, a natural polyphenolic compound, has been reported to be caloric restriction mimetic.
This study therefore aims to investigate the potential benefit of the combination of resveratrol as CR and EE on learning and
memory, motor coordination, and motor endurance in young healthy mice. Fifty mice of both sexes were randomly divided
into five groups of 10 animals each: group I animals received carboxymethylcellulose (CMC) orally per kg/day (control), group
II animals were maintained on every other day feeding, group III animals received resveratrol 50mg/kg, suspended in 10 g/L
of (CMC) orally per kg/day, group IV animals received CMC and were kept in an enriched environment, and group V animals
received resveratrol 50mg/kg and were kept in EE. The treatment lasted for four weeks. On days 26, 27, and 28 of the study
period, the animals were subjected to neurobehavioural evaluation. The results obtained showed that there was no significant
change (𝑃 > 0.05) in neurobehavioural responses in all the groups when compared to the control which indicates that 50mg/kg of
resveratrol administration and EE have no significant effects on neurobehavioural responses in young healthy mice over a period
of four weeks.

1. Introduction

Dietary restriction (DR), otherwise known as caloric restric-
tion (CR), has been generally defined as consumption of
nutritious diet that is 30% to 40% less in calories compared
to ad libitum diet [1]. In other words, CR can be defined
as a simple reduction in caloric intake in the absence of
malnutrition [2]. Caloric restriction has been demonstrated
to possessmany health benefits. It provides protection against
numerous deadly diseases such as cancer, neurological disor-
ders, and obesity and is found to be the only reliable treatment
that extends lifespan or causes healthy aging consistently in
a multitude of organisms ranging from bacteria to monkeys
[3–5].

The most frequently mentioned effect of CR has been
its influence on creating a mild stress in the organism and
a typical upregulation of adaptive mechanisms involving
stress proteins accompanied by elevated defence or survival
molecules [6]. Caloric restriction (CR) has also been found
to retard several aspects of the aging process in mammals,
including age-related mortality, tumorigenesis, physiological
decline [7], and the establishment of age-related transcrip-
tional profiles [8].

Resveratrol (3,5,4-trihydroxystilbene), a natural poly-
phenolic compound found mainly in the skin of grapes
and red wine, has previously been shown to extend lifes-
pan in yeast (Saccharomyces cerevisiae), nematode worm
(Caenorhabditis elegans), fruit fly (Drosophila melanogaster),
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and short-lived fish (Nothobranchius furzeri) through a sirtu-
ins 1 dependent mechanism [9–13]. Studies have shown that
mice fed with a high fat diet supplemented with high levels of
resveratrol were shown to have extended lifespan compared
to the control animals and several metabolic alterations
similar to what is observed with CR; thus, resveratrol is said
to have caloric restriction-like properties [2, 14].

Environmental enrichment (EE) is defined as a sus-
tained and progressive increase in cognitive and sensori-
motor stimuli with aggregated voluntary physical activity
and complex social interactions [15]. Abundant experimental
evidence shows that EE is beneficial in various animal
models of neurodegenerative disorders such as stroke and
Alzheimer’s disease [16, 17]. Environmental enrichment also
induces neuroprotection against 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP) toxicity to mice [18, 19] and
improves motor function after unilateral 6-OHDA injection
in rats [20]. Numerous data suggest that synthesis and release
of trophic factors (TFs) may play a crucial role in mediating
the neuroprotective effect of EE [16]. Environmental enrich-
ment alters the expression of TFs and their receptors in sev-
eral brain areas [21, 22] and induces astrogliogenesis [23]. In
the nigrostriatal system, EE-housed animals show increased
brain-derived neurotrophic factor (BDNF) expression in the
striatum [18] and glia cell-line derived neurotrophic factor
(GDNF) mRNA in the substantia nigra (SN) [19].

Studies have shown that CR and its mimetics such
as resveratrol improve motor coordination and increase
longevity in mice which may be related to the improvement
in endurance and strength [2, 14, 24]. Resveratrol has also
been shown to prevent cognitive decline in a number of
disease models and to reduce neurodegeneration in vivo
[25]. However, numerous works have been done on EE,
CR, and its mimetics such as resveratrol and sulforaphane
[1, 24], and much attention has been lavished on the effect
of resveratrol, CR, and EE on aging and age related disorders
but the possible beneficial role in young healthy animals
has not been investigated. The beneficial role of CR in the
nervous system has been extensively studied in aged animals
[26]. Moreover, several reports showed the physiological,
neurological, and behavioural effects ofCR andEE in rodents,
but themajority of efforts have been focused on the beneficial
effects of CR and EE on aging and lifespan in the past
decades, and little attention has been paid to the physiological
effects of CR and EE especially in young healthy animals.
Furthermore, there are controversial reports on the effects of
CR andEEon cognition in young animals. Some investigators
demonstrated that CR enhances learning and memory [27],
while others have reported that CR had negative effects on
cognitive functions [28]. Environmental enrichment has also
been reported to improve spatial memory in aged mice with
no significant effect in young and middle-aged mice [29].
Collectively, the available data suggest that both CR and EE
exert similar beneficial effects on neurons in the brain and
share a mechanism involving increased neurotrophic factor
production [30]. Hence this study evaluates the effects of
resveratrol as CR mimetic and EE on motor coordination,
motor endurance, memory, and learning in young healthy
Wistar albino mice over a period of four weeks.

2. Materials and Methods

2.1. Chemicals/Reagents. Resveratrol (60 g) of analytical
grade was purchased from Candlewood Stars Incorporated,
Danbury, USA (batch number: MR120718). Carboxymethyl-
cellulose CMC (10 g) (product number: 27929, BDH Chem-
icals Ltd., Poole, UK) was obtained from Department of
Pharmacology and Therapeutics, Ahmadu Bello University,
Zaria. trans-Resveratrol, due to its low solubility in water, was
suspended in 10 g/L CMC [31].

2.2. Animals. Fifty (50) Wistar albino mice of both sexes, 4
weeks of age and weighing 15–22 g, were used for this study.
The animals were obtained from the Institute of Veterinary
Research, Vom, Jos Plateau State. The animals were housed
in standard polypropylene cages in groups of five in a
temperature and humidity controlled environment subject
to a 12 h light/dark cycle and fed with standard laboratory
animal feed and water ad libitum. Dietary delivery groups
were given controlled access to food; water was available
ad libitum. The mice were allowed to acclimatize to the
environment of the behavioural laboratory for the period
of one week before commencement of the experiment. All
experimental protocols were in accordance with the Ahmadu
Bello University research policy and ethic and regulations
governing the care and use of experimental animals (NIH
publication number 85-23, revised 1996). The experiments
were conducted in a quiet laboratory between hours of 900 h
and 1600 h.

2.3. Animal Housing and Management. The enriched cage
(66 cm long × 46 cm wide × 38 cm high) as described
by Harburger et al. [29] was used in the study. The cage
contained tubes, ramps, stairs, and different “toys” (hard
plastic balls, cubes, cones, and sticks). The toys were changed
twice a week to continuously encourage exploration of the
environment. The complexity (number of objects) of the
housing facility was increased progressively: every 2 days,
two to four objects were added to the environment. Ten days
after housing animals in the EE, the complexity of the cage
is expected to be maximal, but the positions of the objects
were changed continuously after every 2 days [15]. Five (5)
mice were housed together to allow social interactions. The
impoverished condition consisted of normal cages (45 cm
long × 30 cm wide × 18 cm high) made without objects or
running wheels, housing five (5) animals per cage.

Animals were kept in EE housing for four weeks while
receiving the appropriate treatment, as described by Steiner
et al. [23]. The control animals were given carboxymethyl-
cellulose (CMC) and kept under good housing condition.
Neurobehavioural study was carried out for the period of
three (3) days during the last phase of the experiment.

2.3.1. Animal Groupings. The animals were divided into five
(5) groups each comprising ten (10) animals of both sexes
per group, that is, five (5) males and five (5) females mice
kept in separate cages to prevent mating. Group I animals
received carboxymethylcellulose (control group) 50mg/kg
per body weight, group II animals were maintained on every
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other day feeding (EODF) with standard laboratory animals
diet, group III animals received resveratrol 50mg/kg orally
for four weeks as described by Blanchet et al. [32], group IV
animals received CMC and were kept in an enriched housing
(EE) for four weeks, and groupV animals received resveratrol
50mg/kg orally and were kept in EE housing (for 4 weeks).

2.4. Neurobehavioural Assessments. The following neurobe-
havioural studies were carried out for three days on days 26,
27, and 28 of the experimental period.

2.4.1. Beam Walk Test. The beam walk test was used to test
motor coordination. Briefly, the beamwalk apparatus consists
of a beam, ruler, goal box, and an elevated wooden stand.
The beam is made of wood, 8mm in diameter, 80 cm long,
and elevated 30 cm above the bench by a wooden support.
Mice were allowed to walk from a start platform along a
ruler (80 cm long and 3 cm wide) elevated 30 cm above the
bench by awooden support to the goal box (enclosed hamster
house). Several trials were performed for each mouse and it
was designed such that the mice tested were aware that there
is a goal box that should be reached. A ruler was used to train
the mice and once the mice find it easy to cross, they were
moved immediately to the beam [33]. The mice were placed
on the beam at one end and allowed to walk to the goal box.
Mice that fall from the beam were returned to the position
they fell from with a maximum time of 60 seconds allowed
on the beam. The measurements that were taken were time
on the beam, the number of foot slips (one or both hind limbs
slipped from the beam), and the number of falls. After each
trial, the maze was wiped with a cotton wool dipped in 70%
ethyl alcohol and allowed to dry to remove any olfactory clue
or odour.

2.4.2. Hang Test. The hang test was used to assess muscular
endurance in mice as described by Mohanasundari et al.
[34]. Briefly, the apparatus consists of a horizontal grid (grid
12 cm2, opening 0.5 cm2).The grid wasmounted 20 cm above
a hard surface, to discourage falling or injury in case of falling.
The apparatus was equipped with a 3-inch wall to prevent
animals from traversing to the upper side of the grid. The
mice were placed on the horizontal grid and supported until
they held the grid.The grid was then inverted so that themice
were allowed to hang upside down.Themice were allowed to
stay on the grid for 30 s and 10 chances were given with 1min
interval and the best maximum hanging time was recorded.
The percentage of success was recorded as maximum time
hanging/30 s × 100 [35].

2.4.3. Elevated PlusMaze. Theelevated plusmazewas used to
evaluate short-term spatial memory [36]. Briefly, the elevated
plus maze for mice consists of two perpendicular open arms
(21.5 × 7.5 cm) and two closed arms (21.5 × 7.5 × 20 cm)
which extends from a central 7.5 × 7.5 cm platform. The
platform and floor were made from wood, and the lateral
walls of the closed arms were made of wood painted black.
The maze was elevated 38 cm above the floor. On the first
day (training), each animal was placed at the end of one

Table 1: Effect of resveratrol as CR mimetic and EE on motor
coordination of mice.

Groups Number of foot slips Time taken to complete
task (seconds)

Control (CMC) 1.13 ± 0.44 9.63 ± 1.32
EODF 1.30 ± 0.42 9.10 ± 1.39
Resveratrol only 1.20 ± 0.42 8.80 ± 1.46
EE only 0.88 ± 0.44 8.13 ± 1.30
Resveratrol + EE 0.30 ± 0.21 8.40 ± 1.94
Results were presented as mean ± SEM; CMC: carboxymethylcellulose;
EODF: every other day feeding; EE: environmental enrichment; 𝑛 = 10.

open arm, facing away from the central platform.The transfer
latency of the mouse to move from the open to the enclosed
arms was recorded within 90 s. Following entry into the arm,
the animals were allowed to explore the apparatus for 30 s.
Twenty-four hours later, the second trial (retention test) was
performed and the animals were observed for 90 s. After each
trial, the maze was wiped with a cotton wool dipped in 70%
ethyl alcohol and allowed to dry to remove any olfactory clue
or odour.

2.5. Statistical Analysis. Data obtained were expressed as
mean ± SEM. Statistical analysis was carried out using SPSS
version 17 and all the analysis was done using one way
ANOVA followed by Tukey’s post hoc test for multiple
comparisons. Values of 𝑃 < 0.05 were considered significant.

3. Results

3.1. Beam Walk Test. Table 1 represents the results observed
in the beam walk test. A slight decrease in the number of foot
slips was observed in the EE and RESV + EE groups, when
compared to the control, though no statistical significance
was recorded. On the other hand, an increase in number of
foot slips was observed in EODF group when compared to
the control; this also was not statistically significant (Table 1).
There was no significant change in transfer latency on the
beam among the groups, but lower values were recorded for
the RESV, EE, and RESV + EE groups, respectively, when
compared to the control group.

3.2. Hang Test. Figure 1 shows the changes in motor strength
in the hang test. The percentage of hanging time was slightly
lower in all the groups than the control, although it was not
statistically significant.

3.3. Elevated Plus Maze. Table 2 shows the results obtained
on the effect of resveratrol induced CR and EE on memory
of mice. Result obtained showed no significant statistical
difference in the various treatment groups when compared
to the control, although there was slight decrease in transfer
latency (retention) in the EODF, RESV, EE, and RESV + EE
groups compared to the control group.
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Figure 1: Effect of resveratrol as CR mimetic and EE on muscular
endurance of mice. Results presented as mean ± SEM; 𝑛 = 10.

Table 2: Effect of resveratrol as CR mimetic and EE on memory of
mice.

Groups Transfer latency
(acquisition)

Transfer latency
(retention)

Control (CMC) 39.75 ± 6.62 23.38 ± 9.64
EODF 53.70 ± 7.56 17.20 ± 4.18
Resveratrol only 44.60 ± 9.57 14.80 ± 3.04
EE only 25.25 ± 6.43 10.25 ± 1.32
Resveratrol + EE 25.70 ± 7.90 20.40 ± 8.01
Results were presented as mean ± SEM; CMC: carboxymethylcellulose;
EODF: every other day feeding; EE: environmental enrichment; 𝑛 = 10.

4. Discussion

The results obtained from this study demonstrated a trend
towards improvement in motor coordination in the envi-
ronmental enrichment and resveratrol treated group in an
enriched environment using beam walk test, although the
decrease in number of foot slips and latency were not
statistically different when compared to the control group.
The results of muscular endurance using hang test were
also not significantly different between the groups. This is
contrary to the findings of Anandhan et al. [37] who reported
that resveratrol improves motor endurance using hang test in
MPTP challenged mice. Both resveratrol and environmental
enrichment have also been reported to extend lifespan and
improve motor function in drosophila and rat models of
Parkinson’s disease, respectively, by activating sirtuins gene
[15, 38].

Caloric restriction and EE have been found to attenuate
age-related deficits in learning and memory [15, 39] and
increase resistance of neurons to excitotoxic, oxidative, and
metabolic insults and improve behavioural outcomes in
experimentalmodels of Alzheimer’s andHuntington’s disease
[40]. The result obtained from this study using the elevated
plus maze for memory, though not statistically significant,

showed a slight decrease (𝑃 > 0.05) in the transfer latency
(retention) across the groups when compared to the control
with the least mean value obtained in the EE group. This
is in agreement with the findings of Harburger et al. [29]
who found no significant change in spatial memory of young
malemice when compared to the control after exposing them
to enriched environment for a period of one month. This
difference was, however, attributed to the age as well as the
duration of exposure of the animals to enriched environment
[29].

Although, in this study, resveratrol was used as a caloric
restrictionmimetic to stimulate caloric restriction, the results
obtained on the effect of resveratrol as CR mimetic on mem-
ory of mice were in corroboration with the findings of Deng
et al. [26] who reported no significant change in short-term
memory of mice using the passive avoidance test for memory
after subjecting mice to a 20% caloric restriction for one
month. However, no uniform conclusion has been reached
on the effect of caloric restriction or caloric restriction-like
effects on cognitive functions in young animals. Nevertheless,
some investigators have suggested that caloric restriction
enhanced learning andmemory in young animals [27, 41, 42],
while others reported the contrary [28, 43]. This discrepancy
was attributed to several factors including differences in
caloric restriction treatment, duration of caloric restriction,
species or strain of animal, and type of behavioural test [26].

There is little evidence that resveratrol enhances cogni-
tion in healthy individuals in the absence of pathological or
age-related cognitive decline which indicates that resveratrol
confers some protection on the brain from the effects of aging
and oxidative, physical, and chemical damage to the brain
without measurably improving cognition in the short term
[44]; this could possibly be an explanation for the absence
of an observed effect of resveratrol as CR mimetic in our
study. If resveratrol can only protect the brain against damage
(as opposed to being able to enhance its function), it would
not be expected to produce a measurable effect on cognition
in young healthy animals, such as the mice in our study,
and one logical explanation for the results of these studies
is that resveratrol prevented the neurological pathology that
is known to increase with age [45–48] but did not enhance
cognition when the animals were young. The sensitivity of
the neurobehavioural test used to assess memory in young
healthy animals in our study could also be considered as a
factor that hinders any feasible change in memory between
the treatment groups and the control.

Another possible explanation for the lack of an observed
effect of resveratrol as CR mimetic in our study was the
short duration of treatment. The mice received resveratrol
for only four weeks before testing began, while in previous
studies, where resveratrol was shown to improve cognitive
functions, the subjects were given resveratrol for at least one-
third of their lifespan [13, 49]. Short periods of resveratrol
treatment in rats have been shown to produce positive effects
on cognition, but the animals used in those studies had
been subjected to neurological trauma or treatment with
a neurotoxic substance [50, 51]. The failure to observe an
effect after short-term treatment is a logical outcome if
resveratrol’s effect on cognitive function is mediated through
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protecting the brain against damage [44]. In previous studies
where cognitive function was assessed in healthy animals, a
significant effect of resveratrol was only observed in middle-
aged or aged animals [13, 49].

The failure to observe an effect of resveratrol as CR
mimetic may also have been due to the combined effects of
both EE and resveratrol in our procedures. Results obtained
in resveratrol and EE treated groups showed decrease in
transfer latency though not statistically significant compared
to the control group and resveratrol treated group kept in an
enriched environment. A possible and logical explanation for
this may be that EE alters the magnitude of improvement in
spatial tasks imparted by the estrogen-like effect of resveratrol
[52–55]. Studies comparing mice exposed to enriched and
nonenriched environments have shown that, in certain tests
of cognitive function, estrogen appeared to only improve
performance in nonenriched mice [53, 54]. In some of the
tests, mice that both received estrogen and were kept in
an enriched environment performed worse than those that
received either estrogen or enrichment alone [54], which is
similar to our findings. In our studies, resveratrol failed to fur-
ther enhance the performance of the enriched mice beyond
an improvement (𝑃 > 0.05) caused by EE and resveratrol
treated mice alone even though both the enriched treated
mice and resveratrol treated mice did not differ significantly
in cognitive performance when compared to the control but
did perform better than the control group and the combined
treated groups. Other studies revealed similar findings when
rats were exposed to mild handling stress, where estradiol
failed to enhance the cognitive performance of rats beyond
the improvement caused by the increased handling in radial
arm maze trial [55]. This seems to indicate the occurrence of
a masking or ceiling effect by enrichment; hence, if cognitive
performance is improved by EE, resveratrol probably due
to estrogen-like effect may not be able to further improve
the cognitive performance of mice kept in an enriched
environment.

Furthermore, a more convincing explanation for our
findings may be that EE and histone deacetylases (HDACs)
inhibitors such as trichostatin A and sodium butyrate have
been identified as being capable of improving memory
function in rodent experiments [56, 57]. Some investigators
reported that EE improves spatial memory capacity in mice
through elevating histone acetylation in the hippocampus
and further observed that the improvement in spatial mem-
ory was mimicked by HDAC inhibitors [58]. They further
reported that HDAC inhibitors not only improve the capacity
to form new memories but also restore the capacity to form
memories in a mouse model of neurodegenerative disorders
[58]. This leads to the postulation by some researchers that
HDAC inhibitors could serve as a potential new therapeutic
approach to human cognitive disorders and aging-related
memory dysfunction arising from neurodegeneration [59].

Resveratrol which targets the sirtuin class of nicotinamide
adenine dinucleotide- (NAD-) dependent deacetylases (class
III histone deacetylases) mediates its beneficial effects on
health and longevity in mammals through SIRT-1 NAD-
HDACs dependent activity [60]. This further explains the
failure to observe an improvement in cognitive function in

resveratrol treated group kept in an enriched environment
beyond the trend towards improvement caused by individ-
ual treatment of EE and resveratrol, respectively, in our
procedures. While EE was acting through elevating histone
acetylation via the activity of histone acetyl transferases
(HATs) in the hippocampus as mentioned earlier, resveratrol
was probably masking this effect through HDACs dependent
activity thereby catalyzing the removal of acetyl groups
from lysine residues through a Zn2+-dependent charge-relay
system [61, 62].Thus, if acetylation of histones is functionally
significant for consolidation of memory, then disruption of
HAT activity would be predicted to interfere with memory
formation [63].

5. Conclusion

In conclusion, 50mg/kg of resveratrol administered as a
caloric restriction mimetic and environmental enrichment
have no significant effect on neurobehavioural responses in
young healthy Swiss albino mice over a period of four weeks,
although slight changes that were not statistically significant
were observed in both cognitive function and motor coor-
dination and motor endurance tests; hence, extending this
study period a little longer could probably produce significant
changes in neurobehavioural responses.
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