IV. Environment and plasticity in the aging brain
We shall now review the human and animal literature on the effects and mechanisms of action of environmental stimulation on cognitive decline with age and on age related neurodegenerative dementia. We shall divide the human literature in epidemiological and intervention studies.
 
Cognitive aging and neural plasticity
There is general agreement in the literature on human cognitive aging that performance declines from early to late adulthood, and that such age-related losses in performance are much greater in relation to some tasks than in others (see Park et al., 2002; Park and Reuter Lorenz, 2009, for review). Decrements are typically slight in implicit memory tasks or verbal ability, while age-related losses are substantial in information processing speed and in tasks of declarative memory, particularly spatial memory, and those requiring recollection of events and of the original context in which an event occurred, all tasks involving the hippocampus and other medial temporal lobe structures. Also performance in inhibitory functions and in working memory tasks, relying on prefrontal cortex, declines with age; in particular, performance declines in those tasks which have high memory load and high demand on attention, which also deteriorates with age (Park and Reuter Lorenz, 2009). Similarly, animal models of aging show a decline in medial temporal lobe dependent and prefrontal cortex dependent memory (see Erickson and Barnes, 2003; Burke and Barnes, 2006; Barnes 2011 for review).
There are several papers which have addressed and discussed the functional alterations that occur during normal aging in the medial temporal lobe and the prefrontal cortex and how these age- associated changes might contribute to the selective cognitive impairments that occur in advanced age (see for in stance Berchtold et al. 2008; Burke and Barnes, 2006, Park and Reuter Lorenz 2009; Barnes 2011, Holden adn Gilbert, 2012 for review). Many of these studies point out that age-related changes in cognition cannot be accounted for by a generalized loss of neurons: indeed, in humans (Raz et al., 2004; Pakkenberg and Gundersen, 1997; Pakkenberg et al., 2003; West, et al 1994), non-human primates (Merrill et al., 2004; Peters et al., 1994; Gazzaley et al., 1997; Keukeret al., 2003) and rodents (Merrill et al., 1996), significant cell death in the hippocampus and neocortex is not characteristic of normal aging. There are instead age-related reductions in synaptic density and neuropil, resulting in reduction in volume of specific brain structures, but not a general decrease in the number of neurons. In human healthy brain, less than 10% of neurons are lost over the range 20-90 years (Berchtold et al., 2008; Burke and Barnes, 2006; Barnes 2011).There are however notable exceptions: in aged non-human primates, there is around a 30% reduction in neuron number in all layers in area 8A of the dorsolateral prefrontal cortex, which significantly correlates with impaired performance on a working memory task, while area 46 of the prefrontal cortex shows conservation of neuron number; also the damage of cholinergic input differs between these two prefrontal areas (Smith, Rapp, 2004). 
At the level of neuronal morphology, investigations on dendritic branching and spine density suggest that age associated alterations are also region-specific: morphology of prefrontal cortex neurons seems to be more vulnerable to the effects of aging than that of hippocampal neurons (see Burke and Barnes, 2006). Thus, normal aging is accompanied by differential and often subtle changes in gray and white matter, with different regions and even different subregions being differentially affected by normal and pathological aging; this is evident, for instance, at the level of the hippocampus (see Small et al., 2011 for a review). Very different is of course the situation in presence of age associated neurodegenerative diseases leading to dementia, such as Alzheimer’s disease (AD).

As far as neural plasticity is concerned, normal aging causes evident changes at multiple levels: in addition to the reduction in synaptic density, which by itself could affect synaptic plasticity by making it more difficult to attain the sufficient amount of cooperatively active synapses necessary to induce synaptic efficacy changes, and to changes in Ca2+ conductances and homeostasis (41 e 65 da burke and barnes), aging alters forms of synaptic plasticity related to declarative memory processes such as hippocampal LTP, at the level of both induction and maintenance (see Burke and Barnes 2006 for review), and strongly reduces hippocampal neurogenesis (see Kempermann et al., 1998, 2002 and 2010). Since maintenance of LTP requires gene expression and de novo protein synthesis, it is not surprising that aged animals show alterations in these processes (see Burke and barnes, 2006). Also in humans gene expression changes have been documented in the course of normal brain aging, with gender differences (Berchtold et al., 2008). Aging strongly reduces hippocampal neurogenesis across several species (see Amrein et al., 2010; Kempermann et al., 1998, 2002 and 2010). In humans, indirect evidences for reduced neurogenesis in aged subjects comes from the study of Knoth et al. (2010) and by volumetric reductions in hippocampal formation found in human aged subjects (Apostolova et al., 2011; Small et al., 2011). Diminuished neurogenesis with age could be the result of CNS derived factors and blood-borne factors extrinsic to CNS, as recently suggested by Villeda et al., 2010).
In animal models, age related alterations in hippocampal LTP induction or maintenance is in good correlation with the degree of spatial memory impairment and with the stability of hippocampal place cell fields (see Burke and Barnes for review). Recent evidence has indicated that also epigenetic mechanisms related to neural plasticity might be altered in aged mice: Peleg et al. (2010) found that during contextual fear conditioning learning, aged mice (16 months old) exhibited a specific deregulation of histone H4 lysine 12 (H4K12) acetylation and failed to initiate a hippocampal gene expression program associated with memory consolidation. This was in very good correlation with behavioural data showing a deficit in long-term fear memory. Interestingly, restoration of physiological H4K12 acetylation reinstated the expression of learning-induced genes and led to recovery of cognitive performance. 
Compensatory plasticity in aging
In parallel to diminished neural plasticity, there are numerous examples of what can be considered compensatory plasticity during the aging process. This shows up mostly in terms of activation of a larger and more elaborate pattern of acrivation of brain areas, and in particular of the prefrontal cortex, in aged with respect to young subjects performing the same task; interestingly, this more extensive activation correlates with better performance in the elders (see Park and Reuter Lorenz, 2009 for a recent review). As an example Cabeza et al. (2002) studied prefrontal cortex activation during recall and source memory of recently studied words in younger adults, low-performing older adults, and high-performing older adults. They found that old subjects with a good performance showed additional activity in the left prefrontal cortex with respect to young subjects; old subjects with poor performance did not. Is this additional activity important for the better performance of old subjects? To answer this question, repetitive TMS (rTMS) has been used to transiently disrupt prefrontal cortex function. In the study by Rossi et al. (2004), young and older adults studied pictures while rTMS was applied to the subjects’ left or right dorsolateral prefrontal cortex (encoding); then, the subjects made recognition judgments while rTMS was again applied to the left or right DLPFC (retrieval). One of the most interesting finding from this work was that young adults’ memory retrieval accuracy was more significantly affected when the rTMS was applied to the right compared to the left hemisphere during retrieval. In contrast, older adults’ retrieval was equally affected by rTMS during retrieval, whether it was applied to left or right, suggesting that activation in both hemispheres was useful for performing the recognition task. Similar results to those described here for memory have been found for linguistic abilities (Wingfield and Grossman, 2006) and motor abilities Heuninckx et al., 2008); interestingly, one of the additional brain areas recruited by elders with good performance in the linguistic task is an area activated in young subjects in situations of particularly complex sentence processing, which stress working memory demands. This additional activation, which young people use in challenging situations, would compensate for the lower activation in the core left hemisphere posterior language areas found in aged people. The result is as good a performance in elder as in young subjects. 
Thus, the aging brain can maintain a relatively high level of performance through neural plasticity processes, optimizing goal attainment with the available resources; Park and Reuter Lorenz (2009) point out that compensatory plasticity in the form of more elaborate patterns of brain area activation is not unique to aging but that it is the brain’s response to cognitive challenge: aging simply results in more frequent cognitive challenges at lower levels of intensity. The aged brain seems in effect to be less efficient at generating compensatory plasticity (Park and Reuter Lorenz, 2009). Enhancing neural plasticity in old age, both that underlying learning and memory and that underlying compensatory activation, might benefit cognitive performance in elders through multiple mechanisms 

From normal age related cognitive decline to dementia
It is now hypothesised the existence of a long transition phase between normal aging and dementia which is likely to extend to pre-senile ages. Indeed, converging evidence from the experimental and clinical literature indicate that moderate levels of cognitive impairment and the presence of subtle cerebral alterations, detectable with techniques such as structural and functional neuroimaging, precede of several years the clinical onset of the disease (Jones et al., 2004; Garrett et al., 2004 a e b; Bowler e Hachinsky, 2003, Bowler, 2005; DeCarli et al., 2007; Pike et al., 2007; Garibotto et al., 2008). This early stage of the disease is referred to as mild cognitive impairment (MCI). Physiological cerebral aging and MCI represent different stages along a continuum that may eventually evolve into overt dementia. MCI affects a vast number of people and is characterized by objective deficits in one single domain (e.g. memory) or multiple domains of cognition, which do not yet configure as overt dementia. These impairments are usually detectable only with sophisticated and appropriate neuropsychological tests (Petersen et al., 1999, 2001 a e b, 2004). The rate of yearly progression to dementia of MCI subjects is much higher than in the non-MCI elderly: in particular, the amnestic subtype of MCI (aMCI) may represent a prodromal form of AD (Scheltens et al., 2002;  Petersen R. Conceptual overview. In: Petersen RC, ed. Mild Cognitive Impairment: Aging to Alzheimer’s Disease. New York: Oxford University Press; 2003:1–14. 16. Petersen RC, Smith GE, Waring SC, Ivnik RJ, Tangalos EG, Kokmen E. Mild cognitive impairment: clinical characterization and outcome. Arch Neurol 1999;56:303–308). However, a good proportion of MCI subjects not only do not develop dementia, but can also recover from the initial slight impairments that characterizes them as MCI subjects (Petersen et al 1999, 2001; Jack et al 2001, 2005; Frisoni et al 2004; Small BJ, Gagnon E, Robinson B. Early identification of cognitive deficits: preclinical Alzheimer’s disease and mild cognitive impairment. Geriatrics 2007;62:19–23.). 
Also in animal models of AD, deficits in synaptic density and plasticity precede the presence of beta amyloid (A() deposits and other anatomical signs of AD, in good correlation with the onset of cognitive deficits; cognitive impairment precedes the onset of AD anatomical hallmarks (see for instance Lesnè et al., 2006; Jacobsen et al., 2006; DeRosa et al., 2005; Shankar et al., 2008) and correlate well with the presence of diffuse A( oligomers, which have been shown to impair neural plasticity and memory when administered to wt animals
 (see for instance Lesnè et al., 2006; Shankar et al., 2008; Li S, Shankar GM, Selkoe DJ. Front Cell Neurosci. 2010; Lee et al con Selkoe, 2011). 

On the basis of epidemiological studies in humans, risk and protective factors for developing dementia with age have been pointed out, which include genetic factors, such as the presence of APOE4 allele or familiarity for the disease, and lifestyle factors, such as being engaged in cognitively stimulating and social activities and practicing physical exercise, key components of an “enriched environment” (e.g. Laurin et. al, 2001; Fratiglioni et al., 2004; Podewils et al., 2005; Marx, 2005; Kramer and Erickson, 2007). In animal models of neurodegenerative diseases, it has been shown that physical exercise and EE result in better cognitive performance and potentiation of neural plasticity (see Nithianatharajah and Hannan, 2006 and 2009). Thus, transition to clinical manifestation of dementia seems to have a strong environmental component. Historically, the first environmentally derived protective factor described has been the “cognitive reserve”.
The concept of cognitive reserve and its status of protective factor against severe cognitive decline with age and dementia: epidemiological studies
The concept of cognitive reserve has been proposed to account for the disjunction between the degree of brain damage or pathology and its clinical manifestations (see Stern, 2010). It postulates that subjects with a greater cognitive reserve can sustain a larger amount of brain damage before reaching the threshold for a clinical expression of cognitive impairment. Cognitive reserve is an active reserve and encompasses increased cognitive function and enhanced complex mental activity as protective factors against major age-related cognitive decline and dementia (see Nithianantharajah and Hannan, 2009 and Stern, 2010 for review)

Amongst the factors possibly contributing to cognitive reserve development, education, occupational attainments and leisure activity have been shown, by epidemiological studies, to provide reserve capacity against the effects of aging and disease on brain function. This hypothesis has been supported initially by neuropathologic studies showing a strong variability in the relationship between the severity of brain pathology and clinical manifestations (see Fratiglioni and Wang, 2007; Stern, 2010 for review). More recently, additional evidence has been provided by neuroimaging methods: functional imaging in vivo such as PET, which correlates with AD neuropathology, and is an indicator of disease severity and progression
 (Bradley et al., 2002; Minoshima et al., 2003), have shown a greater degree of impairment of regional cerebral metabolic activity  and blood flow, for a given level of dementia, in highly educated patients (Alexander et al., 1997). Recently, Garibotto et al. (2008) showed a significant association between higher education/occupation and lower cerebral metabolic activity in posterior temporoparietal cortex and precuneus in AD and aMCI converters, and no correlation in aMCI non-converters and healthy controls, suggesting that education and occupation may be proxies for brain functional reserve and that exploitation of cognitive reserve is already at work in the preclinical phase of AD. 
As for all brain functions, cognitive reserve is likely to have i) a genetic component, providing individuals with a different endowment in terms of brain circuitry which might also explain the higher educational and occupational attainments, ii) a purely environmental component, that is, the EE contributing factors provided by early environment, higher education and engaging occupational and leisure activities, which might positively affect synaptic connectivity, synaptic plasticity, compensatory plasticity and hippocampal neurogenesis, allowing better resilience/compensation for the effects of aging and pathology, and iii) an interaction between the two components (see also Stern, 2010).
Several epidemiological studies have provided support for the cognitive reserve hypothesis and in particular for the protective effects of education (see Valenzuela and Sachdev, 2009, for a recent review). As an example, Katzman (Katzman R. Education and the prevalence of dementia and Alzheimer's disease. Neurology. 1993;43:13–20) has shown that subjects with high levels of education have a 5 years delay in dementia onset. The Nun study (Riley et al., 2005; .Tyas et al., 2008) has shown that the presence of elevated levels of ideation and creativity, as estimated from youth autobiographies written at entrance in the convent, correlated with maintenance of good cognitive capacities in old age: nuns well in their 80’s who had an intact memory were those with the highest ideation capacity (Riley et al., 2005). This was considered a combination of the effects of a rich experience, particularly school and linguistic education, and possibly of a genetic component, the latter suggested by the presence of lower neurofibrillary tangles and amyloid plaques in high idea density than in low idea density nuns. It has to be said that, in a perspective of disease modification effects of EE suggested by animal studies (see below), those anatomical findings might not necessarily point out to a genetic component. 
Another group of studies have shown that engaging in a variety of cognitively stimulating leisure activities in middle and old age is also associated with a significant reduction of dementia incidence. Among the studies which have produced evidence in this sense, there are those of Valenzuela e Sachdev (2006 a and b), two studies of meta-analysis on a total of 29000 and 47000 individuals, respectively, which found that individuals with higher levels of education, occupation or engagement in complex cognitive activities were at 46% lower risk for incident dementia than those with low levels. It is interesting, as Valenzuela and Sachdev point out, that for middle and old aged persons being engaged in complex patterns of mental activity in their current lifestyle, protective effects remain significant even after controlling for earlier life exposures such as education, occupation, baseline cognition, and cardiovascular risk factors (Valenzuela and Sachdev, 2009). 
A very interesting study is that of Carlson et al. (2008 Alzheimer’s & Dementia 4 (2008) 324–331), who examined male twins pairs who differed for dementia diagnosis or for age at dementia onset. The results show that “participation in a range of cognitively and socially engaging activities in midlife reduced risk for dementia and AD in twins discordant for onset, particularly among monozygotic twin pairs at elevated genetic risk, and might be indicative of an enriched environment” (Carlson et al., 2008). 
Thus, cognitive reserve might be compared to the effects of an enriched environment, with components typical of childhood and youth (education), others typical of adulthood and early old age (occupational type and attainments) and other shared by all ages (cognitively stimulating leisure activities and socially engaging activities). Separate or synergistic effects for higher educational and occupational attainment and leisure activities have been demonstrated, suggesting that each of these life experiences contributes independently to the reserve (see Stern et al., 2010; Valenzuela and Sachdev, 2009)... 
These findings have been confirmed by Yaffe et al. (2009), who followed the time course of cognitive status of 2,509 well-functioning black and white elders enrolled in a prospective study for 7 years. Participants were classified as cognitive maintainers, minor decliners or major decliners according to the slope of the curve describing cognitive score change with time. Characteristics of the cognitive reserve, such as education level, literacy and life style resulted significant predictors of being a maintainer vs. a minor decliner.
Very few epidemiological studies attempted to explore, in humans, the mechanisms underlying the effects of being engaged in complex mental activity
 on dementia risk, and the results are not always in complete agreement. Valenzuela et al. (2008) determined whether individual differences in lifespan complex mental activity are linked to altered rates of hippocampal atrophy. They found that high level of complex mental activity across the lifespan was correlated with a reduced rate of hippocampal atrophy. This finding could not be explained by general differences in intracranial volume, larger hippocampi at baseline, presence of hypertensive disease, gender or low mood. They suggested that neuroprotection in medial temporal lobe may be one mechanism underlying the link between mental activity and lower rates of dementia observed in epidemiological studies. In a more recent study, however, with a 14 years follow up of a large cohort of subjects aged >65 years, no evidence for hippocampal neuroprotection was found. Instead, men and women both exhibited significantly greater neuronal density, as well as correlated increases in cortical thickness in prefrontal area 9 linked to cognitive lifestyle, consistent with a compensatory process. 
Landau et al. (2012) assessed the association between lifestyle practices (cognitive and physical activity) and A( deposition, measured with positron emission tomography using carbon 11–labeled Pittsburgh Compound B ([11C]PiB), in healthy older individuals. The subjects were followed for 6 years. Cortical [11C]PiB levels (frontal, parietal, lateral temporal, and cingulate regions) were correlated with retrospective, self-report scales assessing participation in cognitive activities (eg, reading, writing, and playing games) and physical exercise. The results showed that greater participation in cognitively stimulatingactivities across the lifespan, but particularly in early

and middle life, was associated with reduced [11C]PiB uptake. Particularly important is that older participants in the highest cognitive activity tertile had [11C]PiB uptake comparable to young controls, whereas those in the lowest cognitive activity tertile had [11C]PiB uptake comparable to patients with AD. Although greater cognitive activity was associated with greater physical exercise, exercise was not associated with [11C]PiB uptake. Thus, there seems to be a direct correlation between cognitive activity and [11C]PiB uptake, suggesting that lifestyle factors found in individuals with high cognitive engagement may prevent or slow deposition of A(, possibly influencing the onset and progression of clinical symptom of AD




Beneficial effects of physical exercise on age-related cognitive decline and dementia: epidemiological studies

In the last 12 years it has become evident that exercise can attenuate normal age-related cognitive changes and deficits and also reduce the risk for MCI and dementia.
Among the earliest studies which have followed the epidemiological approach to investigate this relation there are those of Laurin et al., Canadian Study of Health and Aging, (2001), Larson et al., (2005), Weuve et al., Nurse’s Health Study, (2004), Podewils et al., Cardiovascular Health and Cognition study, (2005), Abbott et al. (2004). A particularly noteworthy study was reported by Barnes et al. (2003) who obtained both subjective and objective measures of cardiorespiratory fitness in a sample of 349 individuals over 55. Six years later, these individuals were tested for their general cognitive status and with more focused tests of executive control, attention, verbal memory and verbal fluency. Individuals who were higher fit at the first assessment showed benefits on tests of all of these abilities at the final assessment, and the relationship between fitness and cognition was stronger for the objective than for the subjective measure of fitness.

These results indicate that a higher level and variety of physical activity is associated with a lower cognitive decline and a lower risk for dementia. The estimated reduction in the risk for dementia varies from a study to another, but most studies estimate this reduction around a 50%. The Podewils et al. (2005) study strengthens also the presence of gene x environment interactions: physical activity did not result a protective factor against the probability to develop dementia for subjects carrying the ApoE4 gene as it was for the non carriers (for a review see Colcombe et al., (2006).
More recently, the already mentioned Yaffe et al (2009) study included, amongst the significant predictors of being a maintainer vs a minor decliner, engaging in weekly moderate to vigorous exercise. Bugg and Head (2009) found that higher levels of exercise engagement were related to larger superior frontal volumes and selectively moderated age-related medial temporal lobe atrophy.
 In addition, Eltgen et al., (2010) examined whether physical activity is associated with incident cognitive impairment during follow-up with a community-based prospective cohort study. The main outcome measure was incident cognitive impairment after 2 years of follow-up. The results showed that compared with participants without physical activity, fully adjusted multiple logistic regression analysis showed a significantly reduced risk of incident cognitive impairment after 2 years for participants with moderate or high physical activity at baseline. Aerobic exercise improves cognition also for older adults with glucose intolerance, a risk factor for AD (Baker et a 2010). Buchman et al., (2012) assessed objectively total daily exercise and nonexercise physical activity for up to 10 days with actigraphy  from 716 older individuals without dementia. All participants underwent structured annual clinical examination including a battery of 19 cognitive tests. During an average follow-up of about 4 years, total daily physical activity was significantly associated with incident AD. The association remained after adjusting for self-report physical, social, and cognitive activities, as well as current level of motor function, depressive symptoms, chronic health conditions, and APOE allele status, again suggesting that a higher level of total daily physical activity is associated with a reduced risk of AD. Woodard et al., (2012) investigated the effect of self-reported physical activity and cognitive activity on hippocampal volume and semantic processing activation measured by functional magnetic resonance imaging in 78 cognitively intact older adults, examining whether possession of the apolipoprotein E (APOE) ε4 allele could moderate the effect of physical or cognitive activity on hippocampal structure or function. After 18 months from the first assessement, 27 participants declined by one standard deviation or more on follow-up neuropsychological testing. Cognitive activity alone or in combination with baseline hippocampal structure or functional activity did not predict the probability of cognitive decline. In contrast, physical activity interacted with APOE 4 status such that engagement in physical activity reduced the risk of cognitive decline in APOE 4 carriers only. These results are at variance with those of Podewils et al., (2005) in that they suggest that increased leisure time physical activity is associated with reduced probability of cognitive decline in persons who are at high risk for AD. 
Baker et al. (2012) found that physical exercise strongly modulated the negative effects of a high saturated fat/high glycemic index (HIGH) diet on Aβ levels in cerebrospinal fluid of elders; in particular, increased physical activity attenuated the effects of the HIGH diet on CSF Aβ. Given the relation between Aβ, neural plasticity and cognition suggested by animal studies, these results would suggest that physical exercise could directly impinge on Aβ clearance. Animal studies (see section below) confirm this and provide a mechanism of action via IGF-1 (Carro et al., 2002, Torres aleman et al., 2010)).
Although, in general, the majority of the observational studies have found a positive relationship between physical activity and cognition in elders, it is important to note that some observational studies have failed to find a relationship between fitness or physical activity and cognition or dementia (46, 47 e Colcombe et al., 2006). It is difficult to know which factors are most important in moderating the influence of physical activity on later life cognition and dementia: possible factors include the distinction between aerobic and non-aerobic physical activities, the use of self-report versus objectively measured levels of physical activity, the cognitive domains investigated and the tests employed, the age of participants at initial and final assessment, and a lack of assessment of genetic factors.

Effects of physical exercise and of engaging in cognitive activity on cognitive decline with age and dementia: intervention studies in humans.
The last few years have seen an increasing number of studies devoted to assess the effects of cognitive activity and physical exercise on age-related decline via intervention approaches. Amongst the first studies which have followed this approach are those of Colcombe et al. (2004) and Erickson et al. (2007). In these studies, relatively small (30-40) groups of non pathological elders underwent physical training consisting of three weekly sessions of controlled aerobic physical exercise for a period of few months. Cognitive performance was assessed before and after the training and in some cases was correlated with cortical activation, evaluated with fMRI. The results indicate that cognitive performance was ameliorated in those subjects who performed aerobic training, in good correlation with the level of cardiovascular fitness and the pattern of brain activation (see Colcombe et al., 2008, for review). A Cochrane survey (Angevaren et al., 2008) specifically reviewed the evidence that aerobic fitness is necessary for improved cognitive function: all published randomised controlled trials comparing aerobic physical activity programmes with any other intervention or no intervention with participants older than 55 years of age were included in the survey, which concluded that aerobic physical activities which improve cardiorespiratory fitness are beneficial for cognitive function in healthy older adults, but pointed out that the data were insufficient to show that the improvements in cognitive function which could be attributed to physical exercise were due to improvements in cardiovascular fitness, although the temporal association suggests that this might be the case, and that larger studies were required. 
The literature on the effectiveness of cognitive intervention on cognitive aging was reviewed by Valenzuela and Sachdev (2009), who found only 7 studies qualifying as randomized control trials. A strong effect size was observed for cognitive exercise interventions compared with wait-and-see control conditions. Randomized control trials with follow-up greater than 2 years did not appear to produce lower effect size estimates than those with less extended follow-up. The conclusion was that, despite the quality of reporting of trials being in general low, cognitive exercise training in healthy older individuals produced strong and persistent protective effects on longitudinal neuropsychological performance. 
More recently, Williamson et al., (2009) reported the results of a pilot study to provide estimates of the relative impact of physical activity, aerobic (walking), strength, balance, and flexibility exercises on 1-year changes in cognitive outcomes and to characterize relationships between changes in mobility disability and changes in cognition in older adults at increased risk for disability. Sedentary persons (102) at increased risk for disability (aged 70–89 years) were randomized to moderate-intensity PA or health education. Cognitive examination was performed at baseline and 1 year later. Group differences were not significant but improvements in cognitive scores were associated with improvements in physical function. These results provide further support for the benefits of exercise on cognitive function in older adults. 
Erickson et al. (2011) showed, in a randomized controlled trial with 120 older adults, that aerobic exercise training increases the size of the anterior hippocampus, leading to improvements in spatial memory. Exercise training increased hippocampal volume by 2%, effectively reversing age-related loss in volume by 1 to 2 y
. They also demonstrated that increased hippocampal volume is associated with greater serum levels of BDNF. As we have seen, BDNF is a mediator of neurogenesis in the dentate gyrus in response to physical exercise and enrichment (Cotman and Berchtold 2002; Rossi et al., 2006). Hippocampal volume declined in the control group, but higher pre-intervention fitness partially attenuated the decline, suggesting that fitness protects against volume loss. Caudate nucleus and thalamus volumes were unaffected by the intervention. These theoretically important findings indicate that aerobic exercise training is effective at reversing hippocampal volume loss in late adulthood, which is accompanied by improved memory function. Similar exercise outcomes have been documented in the neocortex. Thus, two 6-month randomized control trials of aerobic exercise in seniors without dementia were associated with increased cortical volumes compared with sedentary interventions (Ruscheweyh et al., 2011). In a long-term, prospective cohort study, the usual weekly walking distances reported by healthy adults at baseline were positively associated with neocortical and hippocampal MRI volumes 9 years later (see Ahlskog et al., 2011).
We may conclude that voluntary physical exercise contributes to build a cognitive reserve and that cognitively stimulating activities and exercise, the enriched environment, exert their positive effects on age related cognitive decline and associated hippocampal and cortical volumes even when undertaken in middle and old age. 
One notable study on cognitive training, though not performed specifically in aged subjects, is that by Owen et al. (2010), which put to test the effects of computerized brain trainers. The central question of the paper was not whether performance on cognitive tests can be improved by training, but rather, whether those benefits transfer to other untrained tasks or lead to any general improvement in the level of cognitive functioning. The results indicate that, although improvements were observed in every one of the cognitive tasks that were trained, no evidence was found for transfer effects to untrained tasks, even when those tasks were cognitively closely related. This underlines the importance of the concept of enriched environment as driver of enhancement of neural plasticity and cognitive processes. 
Very few studies are available on the effects of training, cognitive or physical, on MCI or AD subjects.
 Lautenschlager et al. (2008), in a study of adults over 50 with subjective memory impairment, found that a 6-month program of physical activity provided a modest improvement in cognition over an 18-month follow-up period. Baker et al. (2010) investigated the effect of a 6 month program of aerobic exercise in thirty-three adults (17 women) with aMCI ranging in age from 55 to 85 years. They found gender specific effects on cognition, with older women benefiting on a larger number of executive function tests than men, which had a limited benefit. In addition, physical exercise has been shown to modulate the effects of a HIGH diet on A( cerebrospinal fluid levels; in MCI, the benefit of a healthy diet on Aβ modulation was greatest when paired with physical exercise. Exercise may thus interact with diet to alter pathological processes that ultimately modify risk of AD (baker et al., 2012). This underlines the possibility that factors such as physical exercise, cognitive activity and other lifestyle factors might be additive in reducing the risk of severe cognitive decline and dementia, as suggested for cognitive reserve. A randomized trial on the effects of a combined physical and cognitive training on cognitive decline, brain volume and function in MCI subjects is under way in Italy, with the joint cooperation of two Institutes of the National Research Council (IN-CNR and IFC-CNR, Pisa) and under the coordination of Lamberto Maffei.



Effects of Environmental stimulation on age related cognitive decline: studies in animals. 
Animal studies have been instrumental to understand the neurobiological mechanisms underlying the effects of the “enriched environment” provided by physical exercise and complex mental activity in humans (see Colcombe et al., 2008; Nithianatharaja and Hannan, 2009; Kempermann et al., 2010). Environmental stimulation, providing a combination of sensory, cognitive and motor stimulation, is very effective in reducing age related cognitive decline and the associated morphological and functional changes, such as decline in neural plasticity, in aged animals. 

Effects of physical exercise. 

Physical exercise improves hippocampal function in aged animals. Spatial learning is enhanced in old mice following voluntary wheel running or treadmill exercise (Colcombe et al., 2006 and Nithianantharajah and Hannan 2009 for review; see for instance van Praag et al., 2005; O’Callaghan et al., 2009; Barrientos et al., 2011; Qiu et al., 2012; Marlatt et al., 2012; Kumar et al., 2012). Particularly interesting are the papers investigating the effects of exercise initiated in already aged animals.  In the Marlatt et al (2012) study, 9-month-old female C57Bl/6J mice were housed with or without a running wheel and injected with bromodeoxyuridine (BrdU) to label newborn cells. Spatial learning and memory were tested 1 and 6 months after exercise onset. The results show that running improved retention of spatial memory tested at 15 months of age. Both hippocampal neurogenesis and mature BDNF peptide levels were elevated after running, suggesting an improved hippocampal function. 
O’Callaghan et al (2009) assessed the effects of 8 months of treadmill exercise, begun in middle-age, on the expression of LTP and on spatial learning in aged rats. They found that the age-related decline in expression of LTP and in spatial learning concomitant with decreased expression of NGF and BDNF mRNA in dentate gyrus were prevented in the long-term exercised group. Significant correlations were observed between both learning and LTP and the expression of NGF and BDNF mRNA in the dentate gyrus, suggesting that decreased expression of NGF and BDNF in the dentate gyrus of aged rats is associated with impaired LTP and spatial learning and that the reversal of these age-related impairments by exercise may be linked with preventing age-related cognitive decline.
Barrientos et al., (2012) built on their previous findings that healthy aged rats are more likely to suffer profound memory impairments following a severe bacterial infection than are younger adult rats. Such a peripheral challenge is capable of producing a neuroinflammatory response, and in the aged brain this response is exaggerated and prolonged. Interestingly, a relation between inflammation and disease progression has also recently been made for age related neurodegenerative diseases (Perry et al., 2010). Normal aging primes, or sensitizes microglia and this appears to be the source of this amplified inflammatory response. Among the outcomes of this exaggerated neuroinflammatory response are impairments in synaptic plasticity, and reductions of BDNF, both of which associated with cognitive impairments. In the 2012 study they examined voluntary exercise in very old (24 months old) rats as a neuroprotective therapeutic in their bacterial infection model. They point out that although aged rats ran only an average of 0.7 km per week, this small amount of exercise was sufficient to completely reverse infection-induced impairments in hippocampus-dependent long-term memory compared to sedentary animals. Strikingly, exercise prevented the infection-induced exaggerated neuroinflammatory response and the blunted BDNF mRNA induction seen in the hippocampus of sedentary rats. Moreover, voluntary exercise abrogated age-related microglial sensitization, suggesting a possible mechanism for exercise-induced neuroprotection in aging.
Kumar et al., 2012 studied the effects of 10-12 weeks of exercise condition on aged (20-22 months) male rats. They found that recognition memory was enhanced in exercised compared with sedentary rats. Exercise reversed age-related changes in hippocampal LTD and LTP, rescuing  hippocampal synaptic plasticity. 
Siette et al., (2012) found a highly selective age-related deficit in place recognition memory that is stable across retest sessions and correlates strongly with loss of hippocampal synapses. 12 weeks of voluntary running at 20 months of age completely rescued the deficit. In addition, voluntary running restored presynaptic density in the dentate gyrus and CA3 hippocampal subregions in aged rats to levels even beyond those observed in younger animals, in which exercise had no functional or synaptic effects. By contrast, hippocampal neurogenesis, a possible memory-related mechanism, increased in both young and aged rats after physical exercise but was not linked with performance in the place recognition task. Analysis based on synaptic covariance patterns to characterize efficient intrahippocampal connectivity revealed that voluntary running completely reverses the profound degradation of hippocampal network efficiency that accompanies sedentary aging. Furthermore, at an individual animal level, both overall hippocampal presynaptic density and subregional connectivity independently contribute to prediction of successful place recognition memory performance.
Thus, exercise is effective in improving hippocampal synaptic plasticity, hippocampal response to inflammation, hippocampal neurogenesis and hippocampus dependent learning not only when initiated in adulthood but also when initiated in middle age and even in old age. BDNF, which is decreased in aging hippocampus and is strongly affected by exercise (Cotman and Berchtold, 2002; Adlard et al., 2005), seems central to exercise effects. 
Effects of EE 
Many studies have address the effects of EE on age related cognitive impairment (see Valenzuela et al., 2007; Nithianatharajah and Hannan, 2006; Redolat and Mesa Gresa, 2011). Most of the studies have been conducted in rodents, but EE has been found to provide cognitive benefits also in other aged mammals (beagles, Pop et al., 2010). Positive effects of EE on cognitive processes have been found both for hippocampal dependent learning and memory (Bennett et al. 2006) and for prefrontal cortex dependent working memory (Soffie et al., 1999). These beneficial effects have been related to EE action on neurogenesis, neurotrophic factors (BDNF), IGF-1, synaptic plasticity and neurotransmitter systems discussed in the previous chapter (see Valenzuela et al., 2009; Sale et al., 2009; Nithiantharajah and hannan, 2009, Kumar et al., 2012). Obiang et al., 2011 found an interesting results concerning the relation between tPA and BDNF. In particular, they investigated whether maintenance of mice in EE could influence age-associated changes in hippocampal tPA expression and BDNF maturation in relation to modifications of their cognitive performances. The data indicate that EE led to a reversal of age-associated decrease in expression of hippocampal tPA. A subsequent increase in the level of mature BDNF and an improvement in emotional and spatial memories were observed. In addition, Diniz et al. (2010), in mice reared in EE from weaning to old age, found improved spatial memory and increased number of astrocytes I the molecular layer of the hippocampus. Whether EE affects hippocampal dendritic plasticity and neuronal excitability in aged animals as in adult animals has not yet been investigated.
Some of the mechanisms of action of EE on age-related decline in plasticity are directed to cellular factors specifically altered by aging, such as Ca2+ dependent conductances. As previously outlined, a consistent finding across several species is that aged animals exhibit an increase in the Ca2+-dependent, K+-mediated afterhyperpolarization (AHP), which might contribute to plasticity deficits. Kumar and Foster (2007) tested the hypothesis that EE might reduce the amplitude of the AHP in aged rats, obtaining positive results, consistent with the idea that EE can ameliorate senescent hippocampal physiology. Also neurogenesis in aged hippocampus (Segovia et al., 2006) and cortical vascolarization (Qui et al. , 2011 Neurosci Lett. 2011 Nov 14;505(2):186-90), possibly lineked to EE effects on VGF, is increased by EE. Whether also the modifications induced by aging on the epigenetic mechanism underlying neural plasticity (Peleg et al., 2010) can be rescued by EE, as found for those constraining cognitive capacities in the neurodegenerating brain (Graff et al., 2012) is not known.
It must be underlined that there is a great variability in the literature both in the age of onset and in duration of EE exposure. Exposure in adulthood seem sufficient for EE to positively affect cognitive decline in old age (see Petrosini et al. 2009). In particular, Scali et al., (2012) showed that a brief (three weeks) exposure to EE in aged (22–23 months of age) rats was sufficient to reactivate visual cortical plasticity, with no difference with the reactivation found in adult rats (Sale et al., 2008). As in adult rats, a marked reduction in intracortical GABAergic inhibition and a remodeling of extracellular matrix accompanied this effect, suggesting that the same plasticity mechanism were at work in mediating EE effects in adult and aged rats (Scali et al., 2012). A sort of dose-dependent effect of EE on spatial memory in aged rats was found by Bennett et al., 2006): aged animals continuously living in an enriched environment performed better than animals exposed to 3 hours per day of enrichment during the same period (Bennett et al., 2006). Kobayashi et al. (2002) demonstrated that EE had beneficial effects in both adult (11 month-old) and aged (22 month-old) rats; in adult rats the effects of short-term (3 months) or long-term (24 months) enrichment were similar, though in aged rats the beneficial effects of long-term exposure were more pronounced (Kobayashi et al. 2002). Freret et al. (2012) found in female NMRI mice that EE had to be initiated before the age of 17 months (median lifespan, i.e., the age corresponding to the survival of 50% of the population in this strain) to improve spatial learning and reverse the age-related impairment of basal glutamatergic neurotransmission in CA1 hippocampal slices. However, other works found effects of EE on cognitive performance and hippocampal physiology in middle aged and even in aged rats. Qiu et al. (2012) (Xuan Qiua, b, c, 1, Chun-Xia Huangd, 1, Wei Lub, c, Shu Yangb, c, Chen Lib, c, Xiao-Yan Shib, c, Lin Chenb, c, Yun Xiue, Jun-Qing Yangf, Yong Tangb, 2012) exposed 14-month (middle-aged) female and male rats to EE for 4 months. Female rats housed in EE showed improved performance in the Morris water maze. The total length and total volume of the myelinated fibers in the hippocampus of female and male EE rats were significantly increased, respectively, when compared to the female and male control rats. Thus, 4 months of EE from middle age was sufficient to increase myelinated fiber volume and, in a gender dependent way, spatial memory. In addition, Kumar et al., (2012) found that aged (20-22 months) male rats assigned to EE for 10-12 weeks showed enhanced spatial discrimination learning and memory consolidation compared to controls. Examination of senescent hippocampal physiology revealed that EE reversed age-related changes in long-term depression (LTD) and long-term potentiation (LTP). Rats in EE exhibited an increase in cell excitability compared with the other 2 groups of aged animals. 
More work will be required to conclude whether there are age dependent variations in the effects of EE exposure on specific aspects of plasticity in the aging brain and, importantly, whether there are gender effects. 


EE and physical exercise: additive factors? Considerations on environmental stimulation and physical activity effects on hippocampal neurogenesis in aged animals
A particularly striking effect of EE and physical activity in aged animals is that on the reduced levels of neurogenesis (recently reviewed in Kempermann et al., 2010). As outlined in the introduction and in chapter III, there is general agreement that hippocampal neurogenesis is central to the functionality of the hippocampus and in particular new neurons would be crucial for dentate gyrus contribution to pattern separation (Nakashiba et al., 2012), a critical mechanism for reducing potential interference among similar memory representations In parallel to the well known decrease of neurogenesis in aged animals, it is beginning to emerge that old animals exhibit a less efficient pattern separation, particularly in the spatial domain. This decreased efficiency in spatial pattern separation may be a critical processing deficit that could be a contributing factor to spatial memory deficits and episodic memory impairment associated with aging. A very recent review that examined age-related changes in spatial pattern separation in humans, non-human primates, and rodents is that by Holden and Gilbert, (2012). 
As previously reviewed, both exposure to EE and physical activity increase hippocampal neurogenesis in old age. Kempermann et al. (2002) found that, given the extremely low baseline level of aged rats, the relative increase due to EE was even larger than in younger animals, though the overall absolute activity induced proliferation of precursor cells remained lower than in nyoung animals. The increase in neurogenesis due to environmental factors could contribute both to reduce the age related decline in hippocampal volume, particularly evident in the dentate gyrus (see Small et al., 2011), and to improve dentate gyrus function in pattern separation. Of particular interest, also in relation to intervention in humans, is the finding that the effects of exercise and environmental enrichment on adult neurogenesis seem to be additive (Fabel et al., 2009): sequentially combining the effects of physical activity on precursor cell proliferation with the survival promoting effects of environmental enrichment resulted in a much greater effect with respect to that caused by enrichment or exercise alone.
Da qui pezzo aggiunto 





Discutere con Ale
A particularly good candidate as a mediator of EE effects is insulin-like growth factor 1 (IGF-1). Classically, IGF-1 has been implicated in prenatal and postnatal events in central nervous system development such as the control of cell proliferation, gliogenesis, neurogenesis, neuron survival, differentiation, synaptogenesis, myelination [17]–[20]. Recently, IGF-1 has been shown to mediate in the adult both the neuroprotective effects of physical exercise and possibly EE on neuronal death [21], [22], [23] and the enhancement caused by exercise in hippocampal plasticity and in learning and memory [24], [25], [20], [26] (le citazioni sono dal lavoro “ciucci’” del 2007)
Circulating levels and brain uptake levels of insulin-like

growth factor I (IGF-I) are also increased with exercise (9, 42).

Carro et al. (9) reported that exercise increased the expression

of c-Fos, a neuronal marker of activity, throughout numerous

regions of the brain, but when the uptake of IGF-I was blocked,

the exercise-induced increase of c-Fos was also blocked. However,

systemic injection of IGF-I in sedentary animals resulted

in similar c-Fos and BDNF expression as that of exercising

animals, indicating an important mediating role of IGF-I on

exercise-induced neural benefits. In addition, Trejo et al. (42)

reported that blocking the entrance of IGF-I into the brain

resulted in prevention of exercise-induced neuron proliferation

in the dentate gyrus, suggesting that IGF-I also plays an

essential role in neurogenesis. This evidence indicates that

IGF-I plays an important role in the influence of exercise on

cognition, BDNF levels, and neurogenesis. However, very

little research has been conducted so far that studies the

relationship between IGF-I on the effects of exercise on the

brains of older animals.

Effects of environmental stimulation in animal models of neurodegenerative diseases 
EE and physical exercise has been found to have beneficial effects in animal models of neurodegenerative diseases and this continuously growing literature has been recently reviewed by Nithianatharajah and Hannan, (2010). These studies have shown that EE can enhance cognitive performance, delay the onset of the disease and slow down disease progression acting on neural plasticity processes and on disease related cellular and molecular factors. EE in mouse models of Huntington disease (HD) was the first demonstration of EE effects in a genetic model of brain neurodegenerative disorder (van dellen et al., 2000). Subsequently, EE and physical exercise have been shown to exert beneficial effects in models of HD, AD and Parkinson disease (see Nithianatharajah and Hannan, 2010 and Redolat and Mesa gresa et al., 2011). 
We shall concentrate on EE and exercise effects on AD models.   
Most studies have employed protocols of EE starting before the onset of cognitive deficits, thus modelling the effects of cognitive reserve in delaying the onset of clinical manifestations, but there are also studies employing EE protocols starting after cognitive deficits and neurodegeneration are evident, thus modelling the effects of environmental stimulation in rescuing cognitive deficits. 
There is general agreement that EE has beneficial effects on the onset of cognitive deficits in animal models of AD (see Nithianatharajah and Hannan, 2010; Garcia mesa et al., 2011). There is however a debate on the underlying mechanism, in particular regarding EE effects on A( metabolism. For instance, Lazarov et al. (2005), found that a protocol of EE from three weeks to 6 months of age resulted in pronounced reductions in cerebral Aβ levels and amyloid deposits, compared to animals raised under “standard housing” conditions in male mice coexpressing Familial Alzheimer Disease (FAD) mutant human PS1ΔE9 and a chimeric mouse-human APP695 harboring a human Aβ domain and mutations (K595N, M596L) linked to Swedish FAD pedigrees (APPswe). In addition, the enzymatic activity of an A(degrading endopeptidase, neprilysin, is elevated in the brains of EE mice and inversely correlated with amyloid burden. Moreover, DNA microarray analysis revealed selective upregulation in levels of transcripts encoded by genes associated with learning and memory, vasculogenesis, neurogenesis, cell survival pathways, Abeta sequestration, and prostaglandin synthesis.
More recently, Hu et al (con lazarov, 2010) found that EE from P21 to P90 enhanced hippocampal neurogenesis in male APPswe/PS1ΔE9 mice to that of wt animals, reduced hyperphosphorylated tau and oligomeric A( levels, the precursors of AD hallmarks, in the hippocampus and cortex of EE mice and significantly enhanced hippocampal LTP, without notable alterations in basal synaptic transmission. in addition, also Herring et al., 2008, found that 4 months of EE from P30 in female TgCRND8 mice reversed the reduction in neurogenes exhibited by this mouse line. It has to be noted, however, that catlow et al., 2009, found combinatorial effects of EE and running on cognitive performance in APP/PS1 mice, without detectable changes in survival of hippocampal newly born neurons. Reduction in A( load following exposure to running form 1.5 to 2.5 months to has been found also in male and female TgCRND8 mice (Adlard et al., 2004; Cotman et al., 2005). Berardi et al., (2007) in a mouse model for NGF-deprivation induced AD like neurodegeneration, the AD11 mice, found that EE starting from 2 months of age, that is before the onset of behavioural deficits in AD11 mice, and ending at 7 months of age, prevented, both in males and females, the onset of visual recognition and spatial memory, reduced the presence of A( burden and rescued the cholinergic deficit present in these animals. Interestingly, this study also addressed the long term effects of EE exposure: a group of AD11 mice was tested also at 12 months of age, finding that 12 months old AD11 mice exposed to EE from 2 to 7 months of age performed significantly better than non EE AD11 mice of the same age and did not differ from 12 months old wt mice. These results point out to a strong effect of early EE on A( processing: this could be due to alterations in A( catabolism and sequestration in enriched animals, as proposed by Lazarov et al. [2005], to the processing of the amyloid precursor protein, as suggested by Adlard et al. [2004], and/or to the direct effects of IGF-I, which is known to be increased in enriched animals [13], on A( metabolism and clearance [Carro et al., 2002; Gasparini and Xu, 2003]. On the other hand, Arendash et al., (2004) have shown in APP sw aged mice that EE improves cognition but does not reduce A( deposition and Jankowsky et al. [2005] have shown that EE has some positive effect on spatial memory deficits in female transgenic mice expressing SweAPP and/or exon 9 deleted presenilin-1, but this is accompanied by an increase of A(42 levels. This discrepancy on EE effects on A(, possibly due to differences in enrichment protocols, will need clarification. Another possibility to explore is the effect of EE or running on diffuse A( oligomers, not investigated in the studied quoted above. For instance, Berardi et al., (2007) found a lack of correlation between the presence of A( clusters in the hippocampus and behavioural performance in AD11-EE mice. This might be due to the presence of a critical threshold of A( accumulation in the hippocampus below which performance is no longer dependent from the extent of A( deposits, but, given the recent data [see for instance Shankar et al., 2008] showing that small, soluble oligomeric forms of amyloid-ß inhibit hippocampal long term potentiation (LTP) and impair cognitive functions prior to the appearance of amyloid plaques, it is not unlikely that it is the diffuse A( which correlates best with cognitive performance, particularly in the early stages of the disease [Lesné et al., 2006; Shankar et al., 2008]. 

It has recently been shown that a reduction in BDNF levels is present early in the progression of AD (28, 29). Aß is likely to contribute to a reduction in BDNF signalling (30). Invasive BDNF administration has been recently used in animal models of AD with very good results on memory deficits and synaptic density (31, 32) and evidences for beneficial effects of non invasive administration are also available (abstract FENS, dici che si può mettere?). Given the known effects of EE and physical exercise on BDNF, this neurotrophin could be one of the mediator of EE effects in AD models. Interestingly, BDNFcould act on the production and/or clearance of Aß but it is by now clear that NT can improve learning and memory in AD models in an Aß independent manner (31, 32), likely acting on synaptic plasticity. 
Finally, it has to be underlined that EE effects in AD models could be linked to modification of peripheral physiology, which in its turn impact on brain function and plasticity. As an example, EE starting in adulthood modified immuno profiles in spleen and thymus (Arranz et al., 2011). Peripheral, blood-borne factors, in addition to IGF-1, could therefore contribute not only to regulate hippocampal neurogenesis and cognitive functions (see Villeda et al., 2010) but also to EE and exercise effects on aging and age related neurodegenerative disease. Further research in this direction will be necessary. 
EE and exercise in aged AD mice
Nichol et al., 2009 tested the effect of voluntary wheel-running on memory and hippocampal plasticity in APOE epsilon3 and APOE epsilon4 transgenic mice at 10-12 months of age. They found that sedentary epsilon4 mice exhibited deficits in spatial memory; six weeks of wheel-running in epsilon4 mice resulted in improvements of spatial memory to the level of epsilon3 mice. Hippocampal BDNF levels were similar in epsilon3 and epsilon4 mice, and after exercise BDNF was similarly increased in both epsilon3 and epsilon4 mice. In sedentary epsilon4 mice, Trk B receptors were reduced by 50%; exercise restored Trk B in epsilon4 mice to the level of epsilon3 mice, and in epsilon4 mice, exercise dramatically increased synaptophysin, a marker of synaptic function.
Parachicova et al., 2008, found that running improved cognitive performance of aged Tg2576 mice, a model carrying a human FAD mutation in APP gene, and reduced proinflammatory markers (Parachicova et al., 2008; Nichol et al., 2008). 
Garcia-Mesa et al., 2011 investigated the effects of running on male and female 3xTg-AD mice at an early pathological stage (4-month-old) or a moderate pathological stage (7-month-old). Cognitive deficits were present in the 3xTg-AD mice along with alteration in synaptic function and LTP impairment in vivo and AD-pathology and oxidative-related changes. Exercise treatment ameliorated cognitive deterioration, synaptic changes were partially reduced by exercise and oxidative stress was diminuished. Neither study addressed the presence of diffuse A( oligomers.
A particularly striking work on EE effects in aged mice models of neurodegenerative pathologies is that by Fisher et al., 2007. Fischer et al. examined the beneficial effects of EE in a mouse model, the p25 transgenic mouse, which allows temporally and spatially restricted induction of neuronal loss. The p25 protein has been implicated in various neurodegenerative diseases, including Alzheimer's disease (Cruz and Tsai, 2004). The authors had previously demonstrated that, upon induction of the p25 transgene in adult mice, neurodegeneration is triggered, and animals also display both learning and memory impairments (Fischer et al., 2005). Six weeks after switching the transgene on, mice are not only unable to form new memories but they are also unable to retrieve memories acquired before the transgene was switched on. Now, Fischer et al. have used this model system to assess whether EE has beneficial effects in this transgenic animal model (Fischer et al., 2007). Six weeks after induction of p25, when anatomical and functional deficits are well established, the authors transferred the animals into an EE for 4 weeks. Surprisingly, the authors found that this rescued the mice's ability to form new memories (i.e., the mice learned a new fear conditioning and a new spatial task) and also allowed the mice to re-establish access to remote memories learned prior to brain degeneration, all of this despite the fact that the neuronal loss did not recover. It is important to note that the new memories formed by the mice required the hippocampus, while remembering the remote memories likely involved accessing neocortical networks, as these remote memories would have been progressively transferred from the hippocampus to the neocortex over time. Indeed, while recall of recent memories activates the hippocampus and hippocampal lesions impair this recall, remote memory retrieval is impaired by cortical lesions, and their recall activates cortical areas (Frankland and Bontempi, 2005). The fact that EE restores both new learning and access to remote memories suggests that the effects of EE are probably widespread within hippocampal and cortical areas.
The authors demonstrated that synaptic-related proteins were increased in EE mice, indicating the presence of new dendritic branching and activation of synaptogenesis. This increase was seen in both the hippocampus and the cortex, strengthening the idea that the behavioral effects they reported might be related to these anatomical changes. Prior studies had also shown an effect of EE on neural connectivity, and these results had been taken as an indication that synaptic plasticity was induced. But the authors also went a step further. They first demonstrated that EE increased histone acetylation in the hippocampus and, to a lesser extent, in the cortex of wild-type mice. Histone posttranslational modifications regulate chromatin susceptibility to transcription: high levels of histone acetylation on a specific DNA segment is generally correlated with increased transcription rates. The effects of EE on wild-type mice suggested that the effects of EE in the p25 transgenic mice might be mediated, at least in part, by histone acetylation. Indeed, the authors also found that promoting histone acetylation by means of administration of histone deacetylation inhibitors to these mice also promoted synaptogenesis and recovery from learning and memory deficits, similar to that seen with exposure to EE, again without affecting the degree of neurodegeneration.
More recently, Graff et al., 2012 showed that cognitive capacities in the neurodegenerating brain are constrained by an epigenetic blockade of gene ranscription that is potentially reversible. Over the past decade, several studies have reported sporadic cases of reduced histone acetylation in animal models of neurodegeneration that are characterized by cognitive decline, including models of Alzheimer’s disease (see Graff t al., 2011). Graff et al investigated whether Histone deacetylase 2 (HDAC2) mediates cognitive deficits associated with neurodegeneration, in CK-p25 mice, the same mice used in the Fischer et al. 2007 study. They found that HDAC2 was significantly increased in neuronal nuclei in hippocampal area CA1 in CK-p25 mice compared with control littermates. (HDAC2) associates with and reduces the histone acetylation of genes important for learning and memory, which show a concomitant decrease in expression. Reversing the build-up of HDAC2 “unlocks the repression of these genes, reinstates structural and synaptic plasticity, and abolishes neurodegeneration-associated memory impairments” (Graff et al., 2012). 
EE effects on aged animal models of neurodegeneration strongly rely therefore on an enhancement of neural plasticity, since there is no evidence for a complete rescue of the already existing pathology, despite the fact that cognitive rescue seems complete. In AD models, an action on diffuse A(must also be taken into account and investigated.
Cumulatively, these results show that the factors regulated by EE in ameliorating disease progression in AD models impact AD pathology but are also, more in general, neuroprotective and promote neural plasticity and suggest that an aged brain, even a diseased brain, may have potentialities for repair in response to environmental stimulation that we have not yet explored.
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Abstract

The hippocampus shrinks in late adulthood, leading to impaired memory and increased risk for dementia. Hippocampal and medial temporal lobe volumes are larger in higher-fit adults, and physical activity training increases hippocampal perfusion, but the extent to which aerobic exercise training can modify hippocampal volume in late adulthood remains unknown. Here we show, in a randomized controlled trial with 120 older adults, that aerobic exercise training increases the size of the anterior hippocampus, leading to improvements in spatial memory. Exercise training increased hippocampal volume by 2%, effectively reversing age-related loss in volume by 1 to 2 y. We also demonstrate that increased hippocampal volume is associated with greater serum levels of BDNF, a mediator of neurogenesis in the dentate gyrus. Hippocampal volume declined in the control group, but higher preintervention fitness partially attenuated the decline, suggesting that fitness protects against volume loss. Caudate nucleus and thalamus volumes were unaffected by the intervention. These theoretically important findings indicate that aerobic exercise training is effective at reversing hippocampal volume loss in late adulthood, which is accompanied by improved memory function
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Abstract

Previous studies have suggested beneficial effects of physical activity on cognition. Here, we asked in an interventional approach if physical activity performed at different intensity levels would differentially affect episodic memory function. Additionally, we tried to identify mechanisms mediating these changes. Sixty-two healthy elderly individuals were assessed for level of physical activity, aerobic fitness, episodic memory score, neurotrophin and catecholamine levels, and received a magnetic resonance image of the brain at baseline and after a six months intervention of medium or low-intensity physical activity or control. Increase in total physical activity was positively associated with increase in memory score over the entire cohort, without significant differences between intensity groups. It was also positively associated with increases in local gray matter volume in prefrontal and cingulate cortex, and BDNF levels (trend). In conclusion, we showed that physical activity conveys the beneficial effects on memory function independently of its intensity, possibly mediated by local gray matter volume and neurotrophic factors. Our findings may carry significant implications for prevention of cognitive decline in the elderly
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Abstract

Motor inactivity is typical in the later stages of Alzheimer's disease although there is evidence that physical exercise can reduce depression and enhance performance of daily activities. The aim of this study was to determine whether a walking program could reduce the functional and cognitive decline of elderly nursing home residents in the later stages of Alzheimer's disease. A total of 21 patients (84 ± 5 years) were randomly assigned to a walking program (WG) or to a control group (CG). A 6-minute walking test (6WT), the Barthel index of activities of daily living (ADLs), and Mini-Mental State Examination (MMSE) tests were performed before and after 24 weeks of the program. The WG showed significant improvement in the 6WT (20%) and ADLs (23%), while the CG decreased in MMSE (-47%), the WG had a slower decline (-13%). This study indicates that it is possible to stabilize the progressive cognitive dysfunctions in nursing home residents with Alzheimer's disease through a specific walking program
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