
Provision of Sensory Opportunities 

 

This section includes articles from the literature on specific sensory 
processing, outcomes of enriched environments, and effects of sensory 
deprivation.  

Florence, S. L., Boydston, T. A., Hackett, H., Lachoff, Taub, Strata, F., 

& Niblock, M. M. (2001). Sensory enrichment after peripheral 

nerve injury restores cortical, not thalamic, receptive field 

organization. European Journal of Neuroscience, 13, 1755-1766.  

These authors examined the effect of providing sensory enrichment 
experiences to 6 macaque monkeys after inducing a median nerve cut and 
repair early in life. One of these macque monkeys received a nerve cut, 
however, was restrained from using the hand, therefore resulting in not 
receiving any enriched sensory experiences. Multiunit microelectrodes were 
used to map the sensory representation of the hand in the primary 
somatosensory cortex. The somatosensory relay in the thalamus and the 
ventroposterior nucleus was also studied to determine if the sensory 
enrichment experience was initiated subcortically or cortically. It was found 
that rehabilitation involving sensory retraining could improve perceptual 
function, most probably through plasticity in the somatosensory processing 
network in the brain. The effect of sensory enrichment was found to be 
cortically related with the most significant effect on the receptive field sizes 
in the cortical area 3b. It was found that sensory rehabilitation after nerve 
regeneration can significantly improve sensory perception and changes in 
map organization after an injury, however, it does not completely produce 
normal maps of the hand representation. The effects of sensory enrichment 
on the functional organization of cortical area 3b is an important component 
that leads to more improved perceptual outcomes as a function of 
rehabilitation after a nerve injury.  

SIGN Note: This article supports that providing sensory opportunities and 
experiences can make an important change in the cortical area of the brain.  

   

 



Hay, L, Bard, C., Ferrel, C., Olivier, I., & Fleury, M. (2005). Role of 

proprioceptive information in movement programming and 

control in 5 to 11-year old children. Human Science Movement, 24, 

139-154.  

This study investigated the role of proprioceptive sensations in the control of 
hand movements towards specific targets. The subjects consisted of four 
groups of boys and girls: fifteen 5-year olds, thirteen 7-year olds, twelve 9-
year olds, and twelve 11-year olds. They performed a serial pointing task by 
alternating wrist flexion and extension. They made movements of various 
amplitudes and various positions using a pointer. Under the experimental 
conditions, the subjects received tendon vibration to the wrist flexors and 
extensors either while stopped at the targets or while moving towards the 
targets. The vibration altered the proprioceptive information. Additionally 
during the experimental phases the children did not receive visual feedback 
of their movements or pointing errors. The application of vibration during 
motion led to an increased constant error of reduced movement amplitude in 
all age groups and position error in the direction of the movement starting 
point. The distortion of proprioceptive input during the static phases before 
movement increased the variable amplitude error, with the greatest negative 
effect on 5-year old children performing extension movements. The 
conclusions were that: there are 1) developmental trends in the weighted use 
of proprioceptive input in the feedforward and feedback based components 
of movement control in children, 2) changes that include an improved ability 
to shift from one strategy to another, dependent upon the incoming sensory 
information, and 3) developmental trends indicating alternating mastery of 
different approaches to control of amplitude and position leading to eventual 
integrated use of the approaches. More specifically, the 5-year old children 
relied primarily on a ballistic-like type of movement control governed by the 
spatial reference of the hand starting position; the 7- and 9-year old children 
depend more on vision to direct their hand movements and spatial 
calibration of hand position during movement; and the 11-year old children 
were best at congruently controlling for both amplitude and spatial 
movement parameters.  

SIGN note: This study provides information about the developmental trends 
in typical children relative to the use of proprioceptive sensations to direct 
hand movements. The findings could expand Ayres’ SI theory on the effects 
of vision and proprioception on praxis. Reviewed by Katherine Inamura, 
11/18/2005  



  

Sober, S. J. & Sabes, P. N. (2005). Flexible strategies for sensory 

integration during motor planning. Nature Neuroscience, 8(4), 

490-497.  

This study investigated the process of combining visual and proprioceptive 
feedback to create two estimates of the arm’s position for planning target-
directed movements. One estimate is used for movement vector planning 
and the other is for conversion of the direction into a motor command. The 
first experiment involved 5 female and 2 male subjects, 18 – 34 years of age. 
The subjects made planar reaching movements on a horizontal table with 
virtual visual feedback to either a visual target (spot of light) or a 
proprioceptive target, (felt position of left index fingertip). The visual 
feedback was eliminated as the subject began to reach. The second 
experiment included 5 female and 5 male subjects, 18 – 34 years of age. The 
subjects made the reaching movements to visual targets and received 
feedback of either a spot indicating fingertip position or simple virtual image 
of the arm. The researchers interpreted the results of the experiments to be 
evidence that the brain weights visual and proprioceptive input according to 
the sensory modality of the target and the information content of the visual 
feedback. The planning of the reach direction is more dependent upon visual 
information and creation of the motor command is more dependent upon 
proprioceptive information. The researchers postulated that the variability in 
the weightings was to reduce errors related to the transformation of sensory 
signals between coordinate frames.  

SIGN note: This study provides information about the integration of 
proprioceptive and visual sensations to direct hand movements in adults. The 
findings could expand Ayres’ SI theory on the effects of vision and 
proprioception on praxis. Reviewed by Katherine Inamura, 1/28/2006  

 

Soto-Faraco, S., Ronald, A., & Spence, C. (2004). Tactile selective 

attention and body posture: assessing the multisensory 

contributions of vision and proprioception. Perception & 

Psychophysics, 66(7), 1077-1094.  

This study evaluated the effects of proprioceptive and visual cues 
concerning arm/hand posture on tactile spatial attention. Five experiments 



were performed utilizing small groups (n = 8-10 male and female college 
students). In each experiment the subjects were required to speedily report if 
the continuous vibrotactile stimulus was being received either by the thumb 
or index finger (either in an up or down position) on one hand while a digit 
(either thumb or index finger) on the other hand was receiving a pulsed 
vibrotactile distractor stimulus. The first four experiments were conducted in 
a darkened room to eliminate visual cues. The first two experiments 
indicated that the subjects could not ignore the distractor stimulus to the 
non-target hand. The interference effect was greatest when the hand to 
receive the target stimulus was uncertain. The results suggested that people 
could direct their spatial attention to a particular hand when the target hand 
was known in advance and that this focusing of attention improved the 
processing of the target stimulation. The findings also indicated that the 
shifting of attention across the body surface to orient to a target stimulus 
requires time. The third experiment involved varying the posture of the 
hands (i.e., hand/wrist up or down, in different combinations). It was found 
that the perception of the target stimulus was effected by the position of the 
target and distractor in external space or relative to some part of the body. 
The fourth experiment contrasted the effects of the proprioceptive inputs of a 
hands-near position and hands-far position. The interference effect of the 
distractor stimulus was greatest when the hands were in the near position. 
These latter two studies supported the postulate that tactile spatial attention 
is based on an abstract frame of reference (either based egocentrically or 
externally). For the final experiment the subjects placed one arm close to the 
body midline and the other arm extended away from their trunk. For half of 
the trials for each participant, a mirror was used so that the two arms 
appeared to be close together although the arms actually were not close. The 
interference effect from the distractors was higher when the arms visually 
appeared to be closer together. This result suggests that the integration of the 
visual information was automatically integrated with the tactile and 
proprioceptive input. The researchers interpreted the studies’ results to 
suggest that multisensory integration of tactile, visual, and proprioceptive 
information occurs prior to tactile selective attention. Furthermore, they 
suggest that as a person assumes different body postures there is a 
reconfiguration of tactile spatial information based on the information from 
muscle position and gravitational forces to aid in accurate perception of 
touch stimuli in space. However, the body representation may not be error-
free and time is required to improve its preciseness.  



SIGN note: The study’s findings contribute to the understanding of how 
visual, proprioceptive, and tactile input is integrated to assist in attention to 
and interpretation of localized tactile sensations, important in Ayres’ SI 
theory. This information could be helpful in refining tests of tactile 
perception. It also seems to lend support for the principle of providing 
varied, multi-sensory enriched activities to promote better integration of 
sensory information. Reviewed by Katherine Inamura, 11/18/2005  

   

Praag, H. V., Kempermann, G., & Gage, F.H. (2000). Neural 

Consequences of Envrionmental Enrichment. Macmillan 

Magazines LTD, 1, 191-198.  

This review paper examines the neuronal changes that occur in reaction to 
complex stimulation by an enriched environment. More specifically, the 
authors of this study focuses on the impact of certain elements of 
enrichment, including exercise and learning, on behavior and neurobiology. 
The paper reviews a variety of different studies (primarily of rats) that 
support the following: First, environmental enrichment has been shown to 
enhance spatial memory and exercise enhances spatial learning. Second, 
environmental enrichment enhances cell survival and exercise enhances cell 
proliferation. Third, research has shown that motor skill learning, through 
exercise, may lead to increased cortical thickness and synaptogenesis. 
Fourth, living in an enriched environment that integrates exercise may lead 
to higher levels of growth factors, which may impact learning and synaptic 
plasticity. Fifth, an enriched environment that integrates exercise has been 
shown to result in an increase in neurotransmitters, such as acetylcholine. 
Finally, enriched environments have been shown to facilitate a recovery in 
damaged or diseased brains, e.g. a brain that has suffered a stroke. However, 
additional research needs to be conducted in order to determine if these 
positive effects are long lasting.   

 
 
 
 
 
 



Schmuckler, M. A., & Jewell, D. T. (2007). Infants' visual-

proprioceptive intermodal perception with imperfect contingency 

information. Dev Psychobiol, 49(4), 387-398. 

 

 

Two experiments explored 5-month-old infants' recognition of self-
movement in the context of imperfect contingencies between felt and seen 
movement. Previous work has shown that infants can discriminate a display 
of another child's movements from an on-line video display of their own 
movements, even when featural information is removed. These earlier 
findings were extended by demonstrating self versus other discrimination 
when the visual information for movement was an unrelated object (a 
fluorescent mobile) directly attached to the child's leg, thus producing 
imperfect spatial and temporal contingency information. In contrast, 
intermodal recognition failed when the mobile was indirectly attached to 
infants' legs, thus eliminating spatial contingencies altogether and further 
weakening temporal contingencies. Together, these studies reveal that even 
imperfect contingency information can drive intermodal perception, given 
appropriate levels of spatial and temporal contingency information. (c) 2007 
Wiley Periodicals, Inc. 
 
 
 
Kreppner, J. M., Rutter, M., Beckett, C., Castle, J., Colvert, 

E., Groothues, C., Hawkins, A., O'Connor, Thomas G.,  Stevens, 

S.,  Sonuga-Barke, E. (2007).  Normality and Impairment 

following Profound Early Institutional Deprivation: A 

Longitudinal follow-up into Early Adolescence. Developmental 

Psychology, 43(4), 931-946.  

 
Longitudinal analyses on normal versus impaired functioning across 7 
domains were conducted in children who had experienced profound 
institutional deprivation up to the age of 42 months and were adopted from 
Romania into U.K. families. Comparisons were made with 
noninstitutionalized children adopted from Romania and with nondeprived 
within-U.K. adoptees placed before the age of 6 months. Specifically, the 
validity of the assessment, the degree of continuity and change in levels of 
functioning from 6 to 11 years, and the factors in the pre- and postadoption 
environment accounting for heterogeneity in outcome were examined. 
Pervasive impairment was significantly raised in children experiencing 



institutional deprivation for =6 months of life, with a minority within this 
group showing no impairment. There was no additional significant effect of 
duration of deprivation beyond the 6-month cutoff, and few other predictors 
explained outcome. The pattern of normality/impairment was mainly 
established by 6 years of age, with considerable continuity at the individual 
level between 6 and 11 years. The findings are discussed in terms of the 
possibility of a sensitive period for development. 
 
 
Beckett, C., Maughan, B., Rutter, M., Castle, J., Colvert, E., Groothues, 

C., Kreppner, J., Stevens, S., O'Connor, T. G., & Sonuga-Barke, 

E. J. S.(2006).  Do the Effects of Early Severe Deprivation on 

Cognition Persist into Early Adolescence?: Findings from the 

English and Romanian Adoptees Study. Child Development, 77(3), 

696-711. 

 
Cognitive outcomes at age 11 of 131 Romanian adoptees from institutions 
were compared with 50 U.K. adopted children. Key findings were of both 
continuity and change: (1) marked adverse effects persisted at age 11 for 
many of the children who were over 6 months on arrival; (2) there was some 
catch-up between ages 6 and 11 for the bottom 15%; (3) there was a 
decrease of 15 points for those over 6 months on arrival, but no 
differentiation within the 6-42-month range; (4) there was marked 
heterogeneity of outcome but this was not associated with the educational 
background of the adoptive families. The findings draw attention to the 
psychological as well as physical risks of institutional deprivation. 
 
 

Jiao, Y., Zhang, C., Yanagawa, Y., & Sun, Q.Q.
 
(2006). Major Effects of 

Sensory Experiences on the Neocortical Inhibitory Circuits. The 
Journal of Neuroscience. 

During postnatal development, sensory experiences play critical roles in the 
refinement of cortical connections. However, both the process of postnatal 
experience-dependent maturation of neocortical inhibitory networks and its 
underlying mechanisms remain elusive. Here, we examined the differential 
properties of intracortical inhibitory networks of layer IV in "sensory-
spared" and "sensory-deprived" cortices of glutamate acid decarboxylase 67 
(GAD67)–green fluorescent protein (GFP) ( neo) and wild-type mouse. Our 



results showed that row D whisker trimming (WT) begun at postnatal day 7 
(P7), but not after P15, induced a robust reduction of parvalbumin (PV) 
expression, measured by the PV/GFP ratio and PV cell densities, in the 
deprived barrels. WT also induced a robust reduction in the number of 
inhibitory perisomatic varicosities and synaptic GAD65/67 
immunoreactivities in spiny neurons of the deprived barrels. Although the 
GAD65/67 expressions in interneurons were also downregulated in the 
deprived barrels, the GFP expression remained unchanged. Patch-clamp 
recording from spiny cells showed a 1.5-fold reduction of intracortical 

evoked IPSCs (eIPSCs) in deprived versus spared cortices. The reduction in 
eIPSCs occurred via changes in presynaptic properties and unitary IPSC 
amplitudes. Miniature IPSCs showed subtle but significant differences 
between the two experimental conditions. In addition, properties of the 
IPSCs in deprived barrels resemble those of IPSCs recorded in immature 
brains (P7). Together, these results suggest that the properties of local 
intracortical inhibitory networks are modified by sensory experiences. 
Perisomatic inhibition mediated by PV-positive basket cells is pruned by 
sensory deprivation.  

 
 
Schapiro, S., & Bloomsmith, M. A. Behavioral effects of enrichment on 

singly-housed, yearling rhesos monkeys: an analysis including 

three enrichment conditions and a control group.  

 
Three cohorts of yearling rhesus monkeys (Macaca mulatta) were 
maintained in single cages for one year as part of a derivation program to 
produce a breeding colony of specific pathogen-free (SPF) monkeys. During 
this year of social restriction, subjects were provided with three different 
types of environmental enrichment (physical, feeding, and sensory) to 
counteract the known effects of social restriction and to quantify the effects 
of these different conditions of enhancement on their behavior. Focal animal 
observations were conducted on enriched and control subjects for all cohorts. 
Enrichment conditions were presented in a different order to each cohort. 
Monkeys provided with enrichment spent significantly more time playing 
and less time self-grooming than did control monkeys in unenriched cages, 
suggesting that the overall enrichment program was of some benefit to the 
monkeys, because these changes in behavior were in species-typical 
directions. Among enriched subjects only, there were significant differences 
in the amount of time spent drinking, grooming, feeding, playing, exploring, 



and using enrichment across the three enrichment conditions. Both the 
physical and feeding enrichment conditions led to species-appropriate 
changes in behavior, therefore enhancing psychological well-being as some 
define it. Sensory enrichment was of little benefit. The first cohort was 
housed indoors, received less stimulation from the environment outside of 
the single cage, and used enrichment more than did the other two cohorts 
housed outdoors. This suggests that the external environment influences 
behavior in the single cage and that enrichment may be most effective for 
animals housed indoors 
 
 
Benaroya-Milshtein, N.,  Hollander, N.,  Apter, A., Kukulansky, T., Raz, 

N., Wilf, W., Yaniv, I., & Pick, C. G. (2004) Environmental enrichment 

in mice decreases anxiety, attenuates stress responses and enhances 

natural killer cell activity. European Journal of Neuroscience, 20(5), 

1341–1347 

The importance of environment in the regulation of brain, behaviour and 
physiology has long been recognized in biological, social and medical 
sciences. Animals maintained under enriched conditions have clearly been 
shown to have better learning abilities than those maintained under standard 
conditions. However, the effects of environmental enrichment (EE) on 
immunity and emotionality have been less documented and remain 
questionable. Therefore, we investigated the effect of EE on natural killer 
(NK) cell activity, psychological stress responses and behavioural 
parameters. Male C3H mice were housed either in enriched or standard 
conditions for 6 weeks. Behaviour was then examined by the grip-strength 
test, staircase and elevated plus maze, and corticosterone levels and NK cell 
activity were measured. Furthermore, animals exposed to the stress 
paradigm, achieved by electric shock with reminders, were tested for 
freezing time in each reminder. Corticosterone levels were also measured. 
The EE mice showed decreased anxiety-like behaviour and higher activity 
compared to standard mice, as revealed by a greater percentage of time spent 
in the open arms of the elevated plus maze, and a higher rate of climbing the 
staircase. A shorter freezing time in the stress paradigm and no 
corticosterone level reactivity were measured in EE mice. In addition, NK 
cell activity in spleens of EE mice was higher than that demonstrated in 
those of standard mice. Thus, EE has a beneficial effect on anxiety-like 
behaviour, stress response and NK cell activity. The effect on NK cell 
activity is promising, due to the role of NK cells in host resistance. 



 
 
 
Van Praag

, 
H., Kempermann, G., & Gage

, 
F. H. (1999). Running 

increases cell proliferation and neurogenesis in the adult mouse 

dentate gyrus. Nature Neuroscience, 2, 266-270.  

 
Exposure to an enriched environment increases neurogenesis in the dentate 
gyrus of adult rodents. Environmental enrichment, however, typically 
consists of many components, such as expanded learning opportunities, 
increased social interaction, more physical activity and larger housing. We 
attempted to separate components by assigning adult mice to various 
conditions: water-maze learning (learner), swim-time-yoked control 
(swimmer), voluntary wheel running (runner), and enriched (enriched) and 
standard housing (control) groups. Neither maze training nor yoked 
swimming had any effect on bromodeoxyuridine (BrdU)-positive cell 
number. However, running doubled the number of surviving newborn cells, 
in amounts similar to enrichment conditions. Our findings demonstrate that 
voluntary exercise is sufficient for enhanced neurogenesis in the adult mouse 
dentate gyrus.  
 
 
 
 
Francis

 
F. D., Diorio, J., Plotsky, P. M., & Meaney

. 
M. J. (2002). 

Environmental Enrichment Reverses the Effects of Maternal 
Separation on Stress Reactivity. The Journal of Neuroscience, 
22(18):7840-7843.  

Postnatal maternal separation increases hypothalamic corticotropin-releasing 
factor (CRF) gene expression and hypothalamic-pituitary-adrenal (HPA) and 
behavioral responses to stress. We report here that environmental enrichment 
during the peripubertal period completely reverses the effects of maternal 
separation on both HPA and behavioral responses to stress, with no effect on 
CRF mRNA expression. We conclude that environmental enrichment leads 
to a functional reversal of the effects of maternal separation through 
compensation for, rather than reversal of, the neural effects of early life 

adversity.  

 



 
 

Morley-Fletcher, S., Rea, M., Maccari, S., & Laviola, G.(2003). 

Environmental enrichment during adolescence reverses the effects 

of prenatal stress on play behaviour and HPA axis reactivity in 

rats. European Journal of Neuroscience 18(12), 3367–3374.  

Prenatal stress (PS) can produce profound and long-lasting perturbations of 
individual adaptive capacities, which in turn can result in an increased 
proneness to behavioural disorders. Indeed, in PS rats there is evidence of 
impaired social play behaviour, disturbances in a variety of circadian 
rhythms, enhanced anxiety and increased hypothalamic–pituitary–adrenal 
(HPA) axis reactivity. This study was designed to experimentally investigate 
the degree of reversibility of PS-induced disturbances of social play and 
HPA reactivity by assessing the effect of the enrichment of the physical 
environment on PS rats during periadolescence. PS subjects showed a 
reduced expression of social play behaviour and a prolonged corticosterone 
secretion in response to restraint stress, but both these effects were markedly 
reversed following environmental enrichment. Interestingly, the enrichment 
procedure increased social behaviour but had no effect on corticosterone 
secretion in nonstressed animals, indicating a differential impact of the 
postnatal environment as a function of prenatal background. As a whole, 
results clearly indicate that rats prenatally exposed to stress can benefit 
during periadolescence from the modulatory effects of an enriched 
environment. Moreover, they confirm that PS may well represent a suitable 
animal model for the design and testing of new therapeutic strategies for 
behavioural disorders produced by early insults 

 
 
Navzer D., Percaccio, C. R., Pritesh, K. Pandya, R. M., Rathbun, D. L., 

& Kilgard, M. P.   Environmental Enrichment Improves 

Response Strength, Threshold, Selectivity, and Latency of 

Auditory Cortex Neurons. 

Over the last 50 yr, environmental enrichment has been shown to generate 
more than a dozen changes in brain anatomy. The consequences of these 
physical changes on information processing have not been well studied. In 
this study, rats were housed in enriched or standard conditions either prior to 



or after reaching sexual maturity. Evoked potentials from awake rats and 
extracellular recordings from anesthetized rats were used to document 
responses of auditory cortex neurons. This report details several significant, 
new findings about the influence of housing conditions on the responses of 
rat auditory cortex neurons. First, enrichment dramatically increases the 
strength of auditory cortex responses. Tone-evoked potentials of enriched 

rats, for example, were more than twice the amplitude of rats raised in 
standard laboratory conditions. Second, cortical responses of both young and 
adult animals benefit from exposure to an enriched environment and are 
degraded by exposure to an impoverished environment. Third, housing 
condition resulted in rapid remodeling of cortical responses in <2 wk. 
Fourth, recordings made under anesthesia indicate that enrichment increases 
the number of neurons activated by any sound. This finding shows that the 

evoked potential plasticity documented in awake rats was not due to 
differences in behavioral state. Finally, enrichment made primary auditory 
cortex (A1) neurons more sensitive to quiet sounds, more selective for tone 
frequency, and altered their response latencies. These experiments provide 
the first evidence of physiologic changes in auditory cortex processing 

resulting from generalized environmental enrichment.  

 

 

Bredy, T. W., Zhang, T. Y., Grant, R. J., Diorio, J., & Meaney, M. J. 

(2004). Peripubertal environmental enrichment reverses the 

effects of maternal care on hippocampal development and 

glutamate receptor subunit expression. European Journal of 

Neuroscience, 20(5), 1355–1362. 

 

Maternal care in the rat influences the development of cognitive function in 
the offspring through neural systems known to mediate activity-dependent 
synaptic plasticity. The offspring of mothers that exhibit increased levels of 
pup licking/grooming (high-LG mothers) show increased hippocampal N-
methyl-D-aspartate (NMDA) subunit mRNA expression, enhanced 
synaptogenesis and improved hippocampal-dependent spatial learning in 
comparison with animals reared by low-LG mothers. The effects of reduced 
maternal care on cognitive function are reversed with peripubertal 
environmental enrichment; however, the neural mechanisms mediating this 
effect are not known. In these studies we exposed the offspring of high- and 



low-LG mothers to environmental enrichment from days 22 to 70 of life, and 
measured the expression of genes encoding for glutamate receptor subunits 
and synaptophysin expression as a measure of synaptic density. 
Environmental enrichment reversed the effects of maternal care on synaptic 
density and this effect was, in turn, associated with a reversal of the effect of 
maternal care on the NR2A and NR2B subunits of the NMDA receptor, as 
well as effects on (RS)-α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic 
acid (AMPA) receptor subunits. Finally, direct infusion of an NR2B-specific 
NMDA receptor antagonist into the hippocampus eliminated the effects of 
maternal care on spatial learning/memory in the Morris water maze. These 
findings suggest that: (1) the effects of maternal care are mediated by 
changes in NR2B gene expression; and (2) that environmental enrichment 
reverses the effects of reduced maternal care through the same genomic 
target, the NR2B gene, and possibly effects on other subunits of the NMDA 
and AMPA receptors. 
 
 
 

Restivo, L., Ferrari, F.,
 
Enrica, P., Sgobio

, 
C., Bock, J., Oostra, B. A., 

Bagni, C., & Ammassari-Teule, M. (2005). 
 
Enriched environment 

promotes behavioral and morphological recovery in a mouse 

model for the fragile X syndrome. Neuroscience, 102(32), 11557-
11562. 

Fragile X syndrome, the most frequent form of hereditary mental retardation, 
is due to a mutation of the fragile X mental retardation 1 (FMR1) gene on the 
X chromosome. Like fragile X patients, FMR1-knockout (FMR1-KO) mice 
lack the normal fragile X mental retardation protein (FMRP) and show both 
cognitive alterations and an immature neuronal morphology. We reared 
FMR1-KO mice in a C57BL/6 background in enriched environmental 
conditions to examine the possibility that experience-dependent stimulation 

alleviates their behavioral and neuronal abnormalities. FMR1-KO mice kept 
in standard cages were hyperactive, displayed an altered pattern of open field 
exploration, and did not show habituation. Quantitative morphological 
analyses revealed a reduction in basal dendrite length and branching together 
with more immature-appearing spines along apical dendrites of layer five 
pyramidal neurons in the visual cortex. Enrichment largely rescued these 
behavioral and neuronal abnormalities while increasing -amino-3-hydroxy-
5-methyl-4-isoxazolepropionic acid (AMPA) glutamate receptor subunit 1 



(GluR1) levels in both genotypes. Enrichment did not, however, affect 
FMRP levels in the WT mice. These data suggest that FMRP-independent 
pathways activating glutamatergic signaling are preserved in FMR1-KO 

mice and that they can be elicited by environmental stimulation.  

 
 

Jankowsky,
 
J. L., Melnikova, T.,  Fadale, D. J., Guilian, M., Slunt, X. 

H.,
 
Gonzales, V., Younkin, L. H. Younkin, S. G.,

 
Borchelt, D. R.,  

& Savonenko,
 
A. V. (2005). Environmental Enrichment Mitigates 

Cognitive Deficits in a Mouse Model of Alzheimer's Disease. The 

Journal of Neuroscience, 25(21), 5217-5224. 

Epidemiological studies suggest that individuals with greater education or 
more cognitively demanding occupations have diminished risk of developing 
dementia. We wanted to test whether this effect could be recapitulated in 
rodents using environmental enrichment, a paradigm well documented to 
attenuate behavioral deficits induced by various pathological insults. Here, 
we demonstrate that learning and memory deficits observed in a transgenic 
mouse model of Alzheimer's disease can be ameliorated by enrichment. 

Female transgenic mice overexpressing amyloid precursor protein and/or 
presenilin-1 and nontransgenic controls were placed into enriched or 
standard cages at 2 months of age and tested for cognitive behavior after 6 
months of differential housing. Enrichment significantly improved 
performance of all genotypes in the radial water maze and in the classic and 
repeated-reversal versions of the Morris water maze. However, enrichment 
did not benefit all genotypes equally. Mice overproducing amyloid-  (A ), 
particularly those with amyloid deposits, showed weaker memory for the 
platform location in the classic Morris water maze and learned new platform 

positions in the repeated-reversals task less quickly than their nontransgenic 
cagemates. Nonetheless, enrichment normalized the performance of A -
overproducing mice to the level of standard-housed nontransgenic mice. 
Moreover, this functional preservation occurred despite increased neuritic 
plaque burden in the hippocampus of double-transgenic animals and elevated 
steady-state A  levels, because both endogenous and transgene-derived A  
are increased in enriched animals. These results demonstrate that the 
generation of A  in vivo and its impact on the function of the nervous system 

can be strongly modulated by environmental factors.  



 

Fischer, A.,  Sananbenesi, F., Wang, X., Dobbin, M.,  & Tsai, L.H. 

(2007). Recovery of learning and memory is associated with 

chromatin remodelling. Nature, 447, 178-182. 

Neurodegenerative diseases of the central nervous system are often 
associated with impaired learning and memory, eventually leading to 
dementia. An important aspect in pre-clinical research is the exploration of 
strategies to re-establish learning ability and access to long-term memories. 
By using a mouse model that allows temporally and spatially restricted 
induction of neuronal loss, we show here that environmental enrichment 
reinstated learning behaviour and re-established access to long-term 
memories after significant brain atrophy and neuronal loss had already 
occurred. Environmental enrichment correlated with chromatin 
modifications (increased histone-tail acetylation). Moreover, increased 
histone acetylation by inhibitors of histone deacetylases induced sprouting of 
dendrites, an increased number of synapses, and reinstated learning 
behaviour and access to long-term memories. These data suggest that 
inhibition of histone deacetylases might be a suitable therapeutic avenue for 
neurodegenerative diseases associated with learning and memory 
impairment, and raises the possibility of recovery of long-term memories in 
patients with dementia. 

 
 
 
Young, D., Lawlor, P. A., Leone, P., Dragunow, M., & During, M. J. 

(1999). Environmental enrichment inhibits spontaneous apoptosis, 

prevents seizures and is neuroprotective. Nature Medicine, 5, 448–

453. 

 

The mammalian brain has a high degree of plasticity, with dentate granule 
cell neurogenesis1 and glial2, 3 proliferation stimulated by an enriched 
environment combining both complex inanimate and social stimulation. 
Moreover, rodents exposed to an enriched environment both before and after 
a cerebral insult show improved cognitive performance1, 4. One of the most 
robust associations of environmental enrichment is improved learning and 
memory in the Morris water maze, a spatial task that mainly involves the 
hippocampus5. Furthermore, clinical evidence showing an association 



between higher educational attainment and reduced risk of Alzheimer6 and 
Parkinson-related dementia7 indicates that a stimulating environment has 
positive effects on cerebral health that may provide some resilience to 
cerebral insults. Here we show that in addition to its effects on neurogenesis, 
an enriched environment reduces spontaneous apoptotic cell death in the rat 
hippocampus by 45%. Moreover, these environmental conditions protect 
against kainate-induced seizures and excitotoxic injury. The enriched 
environment induces expression of glial-derived neurotrophic factor and 
brain-derived neurotrophic factor and increases phosphorylation of the 
transcription factor cyclic-AMP response element binding protein, indicating 
that the influence of the environment on spontaneous apoptosis and cerebral 
resistance to insults may be mediated through transcription factor activation 
and induction of growth factor expression. 
 


