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Abstract 
Alzheimer’s disease (AD) is a common neurodegenerative disease, its main 
clinical symptoms are the progressive decline of cognitive and memory func-
tions. Enriched Environment (EE) achieves the goal of improving brain cog-
nitive reserve by enhancing the multi-directional stimulation on movement, 
sensory and cognitive systems of animals. And EE can regulate the levels of 
various trophic factors in the brain, promote synaptic regeneration and en-
hance neural plasticity to reduce the loss of neurons induced by inflamma-
tion. At present, there is still no effective treatment for AD and the clinical 
intervention drug is expensive. So it is essential to actively explore non-drug 
treatment. This review will explain the effects of EE on learning ability, 
memory ability and mental behavior in AD, and provide a new direction for 
the treatment and rehabilitation of AD.  
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1. Introduction 
1.1. Enriched Environment (EE) 
1.1.1. The Origin and Concept of EE 
Enriched environment (EE) was first studied by Donald Hebb, who raised rats in 
his home and later showed that their performance of Morris water maze was su-
perior compared with animals raised in laboratory [1]. Later, Rosenzweig et al. 
confirmed that EE can promote adult hippocampus neurogenesis and cognitive 
ability in rats [2] [3] [4]. EE was originally defined in 1978 as a complex of in-
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animate objects and gregarious stimuli. Compared with Standard environment 
(SE), EE involves voluntary exercise, environmental enrichment, social interac-
tion and spatial complexity, which are beneficial for improving cognitive reserve. 
The construction of EE is abundant and novel, which triggers the changes in 
growth factor synthesis, dendritic modifications, synaptic plasticity and neuro-
genesis [5] [6]. Horticultural therapy is the exercise of encouraging people to 
participate in planting or gardening activities to improve their bodies, minds, 
and spirits [7] [8]. In some ways, horticultural therapy is similar to EE, both of 
which provide patients with a more complex living environment, create a com-
fortable life to relieve the patient’s mental stress and encourage patients to exer-
cise more to enhance the various body systems. 

1.1.2. The Construction and Effect of EE 
Various forms of stimulation are the basic characteristics of EE, whose construc-
tive principle is providing more chances for experiment animals to exercise and 
communicate. And EE is not only the copy of natural environment, but needs to 
be based on the living habits of the experiment animals, such as sleep habits and 
dietary habits. To promote the development of the behavior and the nervous 
system, it is important to provide experiment animals with a comfortable and 
relaxing living environment [9] [10] [11]. 

The construction of EE varies according to the aims of researchers and expe-
rimental animals. In general, EE cages are larger than that of SE. There is noth-
ing except food and water in cages of SE. But there is a variety of sports equip-
ment in EE cages, such as ladders, running wheels, platforms, tunnels, boxes, 
balls, blocks, swings, etc. (Figure 1). All of these are to ensure appropriate phys-
ical stimulation and spatial complexity, and encourage animals exercise voluntarily.  
 

 
Figure 1. The construction of EE and SE. Compared with SE, EE is more complex, which 
contains running wheels, colorful tunnels, different toys and more animals except food 
and water. Abbreviations: EE, enriched environment; SE, standard environment. 
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In order to maintain environmental novel, the layouts should be replaced 2 - 3 
times a week. Some other forms of stimulations are added into experiment ac-
cording to the research’s needs, such as playing different types of music to pro-
mote animals’ sensory perception and feeding more nutritive foods to promote 
animals’ growth [12] [13] [14] [15] [16].  

1.1.3. Effects of EE on Neurogenesis and Cognitive Function in Normal  
Mice 

The EE has been widely used to explore the connection between cognition and 
neurogenesis since the concept of EE was proposed. Many studies have revealed 
EE can alter the morphology and molecular biology of animal brains [17] [18] 
[19] [20]. And EE can increase the number and volume of neuron in the visual 
cortex and hippocampus. Dendritic branches and density of dendritic spines are 
both increased to enhance neuronal plasticity and delay the decline of memory 
in aged rats [21] [22] [23]. 

As early as 1964, Altman et al. demonstrated that the glial cells in cortex of 
enriched rats increasing of 75 percent, which mainly differentiate into a large 
number of oligodendrocytes and a small amount of astrocytes [24]. In 1997, Epp 
et al. proposed that EE can increase the number of hippocampal neurons in 
adult mice and promote the survival of neuronal precursor cells in the hippo-
campal dentate gyrus (DG) [25] [26]. Later, Kempermann et al. confirmed that 
growth of old rats’ hippocampal neurons was increased by 5 times and most of 
the new cells differentiated into astrocytes, when rats raised 10 to 20 months old 
under EE. That’s to say, EE can induce neurogenesis, enhance the neural plastic-
ity and decrease the aging rate of the nervous system even in middle-aged and 
old rats [27] [28] [29]. 

Emerging evidence have indicated that the expression of a variety of cellular 
growth factors are significantly increased in brain, which promote adult neuro-
genesis, such as brain-derived neurotrophic factor (BDNF), nerve growth factor 
(NGF), glial cell source, glial cell derived neurotrophic factor (GDNF), vascular 
endothelial growth factor (VEGF) and neurotrophin-3 (NT-3), etc. [30] [31] 
[32] [33]. And the EE animals could be less anxious in the presence of complex 
environment, because EE can lead neuronal endocrine changes and reduce the 
reactivity of the animal’s hypothalamic-pituitary-adrenal axis (HPA axis) through 
regulating the neurotransmitter transmission of dopaminergic and glutamatergic 
neurons [34] [35]. Williams et al. demonstrated EE can promote the expression 
of calmodulin in hippocampus, which leads to increased phosphorylation of en-
dogenous cAMP response element binding protein (CREB). And CREB is the 
key protein mediated spatial learning ability of memory and conducive to the 
consolidation of new memories [36] [37] [38]. Sharafi Z. et al. confirmed that 
noradrenergic neurons (NA) and serotonin (5-HT) neurons can be activated in 
the EE, which promote the release of monoamine neurotransmitters to enhance 
learning and synaptic plasticity in adult brains [39]. All of above factors are 
beneficial for brain’s neurogenesis and improvement of neural plasticity. It also 
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enhances the animal’s learning and spatial memory ability to delay the progress 
of AD. 

2. Alzheimer’s Disease (AD) 
2.1. The Concept and Clinical Symptoms of AD 

AD was discovered by German doctor Alois Alzheimer in 1906, which is one of 
the most common chronic degenerative diseases of the central nervous system. 
The main clinical symptoms are the progressive decline in cognitive and memo-
ry functions of patients, including various psychiatric symptoms and behavioral 
disorders [40]. With the aging of the global population, the incidence of AD in 
the world is increasing year by year. According to the research of World Alz-
heimer Reports 2018, there are 50 million people worldwide living with demen-
tia and the number will increase to 152 million by 2050. In 2018, the cost of 
treating AD is estimated to exceed $1trillionand may reach $2 trillion by 2030 
[41]. AD seriously endangers the physical and mental health of the elderly and 
imposes a heavy burden on the society and the patients’ family. It has become a 
serious social and medical problem. 

2.2. The Pathogenesis of AD 

The abnormal production and deposition of β-amyloid (Aβ) in senile plaques 
and hyper-phosphorylated Tau protein (p-Tau) in neurofibrillary tangles (NFTs) 
are hallmark features in the brains of AD patients. But pathological changes of 
AD are complex and diverse. There are also some other hypotheses about AD, 
such as inflammatory, autophagy, oxidative stress, insulin signaling pathway 
dysfunction and mitochondrial dysfunction [42] [43] [44] (Figure 2). 

2.2.1. β-Amyloid 
Aβ is produced by the sequential cleavage of the amyloid precursor protein 
(APP) via a series of APP cleaving enzyme, such as α-secretase, β-secretase and γ 
secretase (Figure 2). The pathways of degradation of APP have both 
non-amyloidogic pathway (NAP) and amyloidogic pathway (AP) [45]. In NAP, 
APP is cleaved by α-secretase to form soluble APP (α-sAPP), which is nutritive 
and protective for neurons. But in AP, APP is cleaved by β and γ secretase to 
form insoluble Aβ peptides, which are neurotoxic for neurons. Furthermore, 
α-secretase appears to compete with β-secretase for the initial disintegration of 
APP, thus the expression and activity of both enzymes may affect the Aβ level. In 
general, most APP is cleaved by α-secretase, but the activity of β and γ secretase 
in AD patients is much higher than α-secretase, leading to excessive insoluble 
Aβ deposition. And the common types of Aβ are Aβ40 and Aβ42. In normal 
conditions, APP is cleaved to produce a large amount Aβ40 and a small amount 
Aβ42. Although there is a little Aβ42, it’s likely to deposit easily, because Aβ42 is 
more insoluble than Aβ40. Once metabolism of Aβ42 is abnormal, it is easy to 
deposit in the patients’ brain to form neurotoxic SPs, induce dendrite and axon 
retraction and neuronal apoptosis [46] [47]. On the other hand, Aβ can activate  
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Figure 2. The major pathological mechanisms of AD. 1) SPs formed of insoluble Aβ42 and NFTs formed of hyper-phosphorylated 
Tau can lead a large number of neuronal apoptosis induced by inflammation, which reduces the synaptic plasticity of neurons and 
exacerbates the occurrence of AD. 2) GSK-3β is the key enzyme that mediates Aβ42 and p-Tau proteins, which regulates cell pro-
liferation, survival and apoptosis by regulating multiple signaling pathways. 3) ROS/RNS can lead to the neuroinflammation 
through leading to the lipid peroxidation damage of cell membrane, destroying the oxidative modification of intracellular pro-
teins, nuclear and mitochondrial DNA/RNA. In summary, multiple inflammatory pathways are involved in the development and 
progression of cognitive deficits in AD. Abbreviations: Drp1, dynamin related protein 1; Caspases, cysteine proteolytic enzymes; 
APP, amyloid precursor protein; p-Tau, hyper-phosphorylated Tau protein; SPs, senile plaques; NFTs, neurofibrillary tangles; 
α-sAPP, soluble APP; ROS/RNS, reactive nitrogen species/reactive oxygen species. 

 
monocytes and peripheral microglia via tyrosine kinase pathway to produce 
IL-1β, IL-6, IL-8, TNF-α and other pro-inflammatory factors to trigger nervous 
system inflammatory immune response and accelerate neuronal apoptosis which 
directly lead to impairment of memory and cognitive [48] [49] [50] [51] [52]. 

2.2.2. Tau Protein 
Tau protein is an important microtubule-associated protein expressed in neuron 
axons of the central nerve system, regulating the balance of phosphorylation and 
non-phosphorylation to keep the stability of the neuronal cytoskeleton. Re-
searches have shown that main component of NFTs is abnormal p-Tau proteins. 
The clinical data also show that p-Tau proteins in cerebrospinal fluid (CSF) are 
significantly elevated in AD patients [53] [54]. Thus, tangle formation and Tau 
release might contribute to the increased levels of Tau in CSF, suggesting that 
Tau level in CSF could be a good predictor of the early neurofibrillary changes 
occurring in brain of AD patients. And NFTs can reduce the affinity of micro-
tubules, block the nutrient transport pathway of the microtubules and lead to 
atrophic apoptosis of neuronal dendrites and axons [55]. Moreover, Aβ can im-
prove contents of p-Tau proteins and lead to an increase of NFTs, while Tau 
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protein can also mediate neurotoxic lesions of Aβ. Both of them accelerate the 
development of AD [56] [57] [58]. 

2.2.3. Oxidative Stress 
The dynamic balance between production and elimination of reactive nitrogen 
species (RNS) and reactive oxygen species (ROS) is broken in body, leading to 
excessive accumulation of ROS. And ROS can not only directly lead to lipid pe-
roxidation damage of cell membrane, but destroy the oxidative modification of 
intracellular proteins, nuclear and mitochondrial DNA/RNA (Figure 2). In the 
early stage, ROS can induce hyper-phosphorylation of Tau protein and produc-
tion of Aβ, indicating that ROS occurs earlier than the mild cognitive impair-
ment, SPs and NFTs, thus to lead to cell and tissue damages and promote the 
disease progression. In addition, inflammatory responses induced by ROS also 
directly lead to neuronal necrosis or apoptosis [59] [60] [61]. 

2.2.4. Autophagy 
Autophagy is a highly primitive protective mechanism mediated by autophagy 
associated genes (ATG) to maintain intracellular homeostasis [62] [63]. Varo et 
al. have shown that many autophagic vesicles are accumulated in the Aβ plaques, 
while few autophagic vesicles exist in normal brain tissue, indicating that the 
clearance of Aβ is associated with the level of autophagy [64]. Beclin-1 is an im-
portant regulator in the formation of autophagic vesicles, decreased expression 
of which not only affects the process of phagocytosis, but also reduces the 
cleared ability of microglia (Figure 2). In addition, the stable microtubule sys-
tem is essential to transport autophagic vacuoles to lysosomes efficiently, which 
ensures the normal function of autophagy. However, hyper-phosphorylated Tau 
protein loses the ability to correctly bind to microtubules of neurons, making au-
tophagosomes unable to bind to tubulin and transport to lysosome, thus, leading 
to autophagy dysfunction [65] [66] [67]. This may indicate that autophagy can 
protect the brain’s neurogenesis and cognitive function by removing abnormally 
accumulated proteins in the cell.  

2.3. Current Treatments of AD 

At present, the common drugs of treatment for AD are cholinergic drugs, neu-
roprotective drugs, antioxidants, non-steroidal anti-inflammatory drugs (NSA-
IDs) and drugs for improving cerebral circulation or brain metabolism [68] [69] 
[70] [71]. Up to now, acetylcholinesterase inhibitors are the most effective drugs, 
which can inhibit the activity of acetylcholinesterase to reduce the breakdown of 
acetylcholine in the brain [72]. Monoclonal antibody vaccines against Aβ and 
Tau proteins have been studied popularly in the past decades, and have achieved 
remarkable results in animal experiments. Unfortunately, major pharmaceutical 
companies have failed in phase III clinical trials, despite the inoculation of Aβ 
antibodies can reduce the content of Aβ in the brain, but it does not improve pa-
tients’ cognitive impairment, and even bring huge side effects to patients [73] 
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[74] [75] [76] [77]. Therefore, the vaccine research on Aβ and Tau protein has 
fallen into a bottleneck. How to improve the specificity of Aβ antibody and 
evade the adverse effects of vaccine on the autoimmune system will become the 
future research direction. Another popular research topic is autophagy, as a 
widely existed and conserved protective mechanism in cells, playing an impor-
tant role in regulating clearance of Aβ plaques and p-Tau protein [78] [79]. 
Therefore, future’s research on autophagy regulators has provided a new direc-
tion for the treatment of AD [80]. Furthermore, the research of earlier non-drug 
treatment methods (rehabilitative garden therapy and horticultural therapy) has 
become a hot topic in current research because of the clinical drugs are expen-
sive and the effect is not good. The research of EE on AD has also been devel-
oped gradually in China in recent decades [81]. 

3. The Applications of EE 
3.1. The Applications of EE in AD Mice 
3.1.1. The Effect of EE on Aβ 
The SPs formed of excessive Aβ plaques is the typical pathological feature of 
AD. Therefore, how to efficiently degrade and alleviate the accumulation of Aβ 
becomes an important method of treating AD. The NAP is the main pathway 
for the normal hydrolysis of APP in the brain, while α-secretase is an important 
hydrolase which mediated the pathway of NAP hydrolysis. Hence, the APP 
in the brain will not hydrolyze normally and abnormal hydrolysis pathway 
will be activated by α-secretase abnormal. Furthermore, ADAM9, ADAM10 and 
ADAM17 are three key genes to regulate α-secretase, which play important roles 
in the normal hydrolysis of APP, and ADAM10 directly exerts the α-secretase 
site degradation of APP. The expression of ADAM10 was decreased in hippo-
campus of APP transgenic mice, suggesting that it may be one of the important 
reasons for the excessive accumulation of APP in the brain [82] [83]. And re-
searches have indicated that expression of ADAM10 increased significantly in 
the hippocampal of APP transgenic mice via chronic running exercise in EE for 
five months (P < 0.05). This indicate that ADAM10 may promotes the normal 
hydrolysis of APP and significantly reduces the content of insoluble Aβ42, thus 
to reduce its excessive deposition [84]-[90] (Figure 3). Mainardi et al. [91] and 
Maesako et al. [92] demonstrated that EE can reduce the Aβ plaques in the brain 
of aging rats by increasing the expression of Aβ-degrading enzymes. Li and his 
college also confirmed that EE can significantly reduce the contents of Aβ in 
hippocampal CA1 region of SAMP8 mice and effectively reduce neuronal apop-
tosis [93]. 

3.1.2. The Effect of EE on Protein Tau 
Tau protein plays an important role in the stabilization of the microtubule sys-
tem of neurons. The NFTs which formed by hyper-phosphorylated Tau protein 
accumulated in cerebral cells is the significant pathological feature of AD. Laza-
rov et al. [94] demonstrated that EE can reduce Aβ levels and amyloid deposition  
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Figure 3. The mechanisms of EE on AD mice. 1) EE is beneficial for improving animals’ cognition reserve to attenuate pathologic 
symptoms in Alzheimer’s disease. 2) Long-term exposure in EE, proliferation of hippocampal cells is enhanced significantly. 3) 
Voluntary chronic exercise in EE activates the genes that mediated the degradation of APP. 4) EE rescues impaired neurogenesis 
and enhances synaptic plasticity by promoting the expression of various neuronal nutrient factors and regulating PI3K signal 
pathway. Abbreviations: CREB: cAMP response element binding protein; Akt/PKB: protein kinase B; PI3K: phosphatidylinositol 
kinase-3; NAP: non-amyloidogic pathway; AP: amyloidogic pathway; SPs: senile plaques. 

 
in Transgenic Mice. Hu et al. [95] have shown that Tau transgenic mice have 
lower phosphorylated Tau protein in the EE compared with SE. In addition, the 
expression of BDNF in enriched group is significantly higher than that in stan-
dard group, which means that BDNF is likely to participate in decreased expres-
sion of Tau protein [96]. And chronic endurance exercise can enhance the anti-
oxidant enzyme system of Tau transgenic mice, increase the expression of a se-
ries of antioxidant enzymes such as catalase, and activate phosphatidylinositol 
kinase-3 (PI3K). At the same time, PI3K can activate PDK-1, an activator of the 
upstream pathway of serine/threonine-protein kinase (Akt/PKB), to activate the 
enzymatic activity of Akt, while Akt can inhibit the hyper-phosphorylation of 
Tau via inhibiting the activity of GSK-3β in the downstream pathway [97] [98] 
(Figure 3). 

3.1.3. The Effect of EE on Neural Plasticity 
Complex environment is beneficial for activating voluntary exercise, increasing 
cognitive reserve and promoting proliferation and differentiation of hippocam-
pal neonatal neural precursor cells in AD mice (Figure 3). Many researchers 
have indicated that APP transgenic mice in EE have lower levels of phosphory-
lated Tau protein in enriched group than standard group, which is associated 
with increased expression of a series of trophic factors such as BDNF, VEGF and 
NGF in APP transgenic mice. And the trophic factors can enhance protection 
and regeneration of neurons, promote the proliferation and phagocytic level of 
glial cells to improve the axonal transport, which is useful for degradation of 
Aβ plaques and p-Tau [99] [100]. Furthermore, EE reduces the expression of 
pro-inflammatory genes while increasing the expression of anti-inflammatory 
genes, greatly reducing the level of neuronal apoptosis induced by inflammation 
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[101] [102]. In short, long-term exposure in EE, proliferation of hippocampal 
cells is enhanced significantly and matured to become new neurons and glia, 
while enhanced neurogenesis was accompanied by a significant reduction in le-
vels of hyper-phosphorylated Tau and Aβ plaques.  

3.2. The Application of EE in AD Patients 

In recent decades, a large number of animal experiments are shown that EE has 
a good effect on the emotional, mental behavior and cognitive memory in AD 
animals. Therefore, some hospitals began to combine with the constructive prin-
ciples of EE to establish a comprehensive rehabilitation garden, which provide 
AD patients with a variety of simple games and exercise methods to improve pa-
tients’ living ability, such as Chongqing Ge-Le-Shan Geriatric Rehabilitation 
Hospital. Music therapy, exercise therapy, planting flowers, jigsaw puzzles and 
other simple rehabilitation methods are used to encourage patients to do exer-
cises. It is found that the cognitive function, mood and living ability of patients 
can be improved significantly, via various comprehensive exercises in the EE. In 
short, the main role of EE is to increase the brain’s cognitive reserve by con-
stantly trying new things, to promote brain’s neurogenesis and enhance neuron-
al plasticity, thus to delay the decline of cognitive function [103] [104] [105]. 

3.3. The Application of EE in Other Neurodegenerative Diseases 

The improvement of EE on neurodegenerative diseases was first discovered in 
Huntington’s disease (HD) [106]. Researches indicated that EE can delay the 
atrophy of the brain and the onset of HD symptoms, and restore the neuronal 
regeneration function of SVZ region [107]. The study of EE on transient 
whole-cerebral ischemia rats and AD mouse model also found that the sensory 
movement, learning ability and memory function were enhanced after enriched 
stimulations. And the secretion of NGF, BDNF, GDNF and other nutrient fac-
tors increased significantly than the standard group, which means that neuronal 
regeneration may be associated with neurotrophic factors [108] [109]. Further-
more, compared with mice grown in the SE, the visual acuity of mice which 
long-term lived in EE increased by 18%, suggesting that EE is conducive to the 
development of the visual system [110]. EE can also improve non-spatial mem-
ory defects in N-methyl-D-aspartate receptor knockout mice and promote cog-
nitive and spatial memory in aged rats via enhancing glutamate decarboxylase 
activity and hippocampal synaptic density [111] [112] [113]. In addition, EE has 
a positive effect on the recovery of depression, Parkinson’s disease (PD) and 
other neurological diseases [114] [115] [116] [117]. 

4. Conclusions 

Although morbidity of AD is very high in the old people, it may have produced 
unknown pathological changes at the early stage, which means that AD may be 
slowly formed over a long period of time. When obvious AD symptoms are 

https://doi.org/10.4236/ym.2018.24025


X. X. Chen et al. 
 

 

DOI: 10.4236/ym.2018.24025 234 Yangtze Medicine 
 

found, it is generally beyond the scope of drug intervention to reach an irrevers-
ible level. Due to the large individual differences and the difference between the 
exogenous input of Aβ and the Aβ formed pathologically, it has brought great 
difficulties to the modeling of AD, which directly leads to the difference between 
actual pathological situation and the model. Hence, the results of the study are 
not applicable to clinical research, which may be an important reason why the 
research on AD has not made substantial progress over the years. As one of the 
emerging rehabilitation methods, EE has been proven to promote the secretion 
of various neurotrophic factors and improve neurogenesis in the study of neu-
rological diseases, such as cerebral ischemia and hypoxic brain damage, crani-
ocerebral trauma, PD and AD. Although some researchers’ experimental results 
did not achieve the expected results, this may be related to the differences in es-
tablished models and environmental settings. There are still many needs to be 
improved based on the current research on EE. For example, environmental set-
ting, interventional optimal time, intensity, age range and duration for different 
groups of people need to be further explored. 

In addition, SPs formed of Aβ deposition and NFTs formed of p-Tau in brain 
tissue induce different degrees of neuronal inflammation in AD patients. The 
immune response induced by inflammation accelerates aging and apoptosis of 
neurons, but long-term living in EE can increase cognitive reserve, promote the 
secretion of a variety of neurotrophic factors and enhance synaptic reconstruc-
tion after enriched stimulations. Therefore, EE can rescue impaired neurogene-
sis and enhance synaptic plasticity efficiently to delay the rate of degeneration of 
the nervous system and improve cognitive impairment. In future studies, we 
should explore the inflammatory mechanism and neuro-immune response me-
chanism of EE on AD, and EE will play a major role in the treatment and recov-
ery of AD. 
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Abbreviations 

Aβ: Amyloid-β 
AD: Alzheimer’s Disease 
APP: Amyloid Precursor Protein 
IL-6: Interleukin-6 
IL-1β: Interleukin-1β 
TNF-α: Tumor Necrosis Factor-α 
NSAIDs: Non-Steroidal Anti-Inflammatory Drugs 
CREBcAMP: Response Element Binding Protein 
Akt/PKB: Protein Kinase B 
PI3: Kphosphatidylinositol kinase-3 
NAP: Non-Amyloidogic Pathway 
AP: Amyloidogic Pathway 
SPs: Senile Plaques 
EE: Enriched Environment  
SE: Standard Environment 
Drp1: Dynamin related protein 1 
Caspases: cysteine proteolytic enzymes 
p-Tauhyper: phosphorylated Tau protein 
NFTs: Neurofibrillary Tangles 
α-sAPP: soluble APP 
RNS: Reactive Nitrogen Species 
ROS: Reactive Oxygen Species  
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