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ABSTRACT 

Acetylcholinesterase (AChE) is a ubiquitous, stable and easily verified enzyme in the central nervous system of mammals. Superoxide dismutase (SOD) 

is one of the most effective antioxidants known in organism, which is an important part of cell to resist oxidative stress. Many studies have expounded 

that AChE affected spatial memory impairment in mammals, and SOD had effects on extracellular overexpression and antioxidant stress. In the present 

review, the structures and measurement methods of AChE and SOD were introduced, and the mechanism of improving the memory ability of animals 

by regulating the cell resistance to oxidative stress in the organism were also introduced. The effects of AChE and SOD on memory ability in different 

species were analyzed, suggesting the application prospect of AChE and SOD in treating the symptoms of human Alzheimer's disease (AD). 
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1. INTRODUCTION 

Alzheimer's disease (AD) is caused by the decrease of 

animal's body memory and neurodegenerative diseases, which is a 

neurodegenerative disease characterized by cognitive impairment 

and hippocampal neurodegeneration (De Leeuw et al., 2019). 

Recent research shows that it affects more than 36 million people 

around the world, accounting for 60-80% of all dementia cases. It 

is characterized by the abnormality of various interacting systems 

and pathways, which eventually leads to memory loss and 

cognitive dysfunction. The exact mechanism and initial trigger 

factors supporting AD cases are still to be fully elucidated (Islam 

et al., 2019). Age is the biggest risk factor. The loss of synapses in 

the affected brain area is most related to cognitive impairment in 

AD patients, and is considered to be an early mechanism before 

neuron loss. There are many hypotheses about the etiology of AD, 

such as amyloid cascade hypothesis, cholinergic hypothesis, tau 

protein, oxidative stress mitochondrial cascade hypothesis, 

glucose metabolism abnormality hypothesis, neuroinflammation 

and vascular hypothesis (Swerdlow et al., 2014). There is evidence 

of neurochemistry and pharmacology that the change of 

cholinergic function in brain is related to aging and memory 

function. Although this specific cholinesterase is related to the 

sites and cells related to cholinergic nerve conduction, many 

structures containing pain in the brain may be non cholinergic. 

Some of them are cholinergic, the postsynaptic input of 

cholinergic. 

Acetylcholinesterase (AChE) is one of the recognized target 

enzyme inhibitors of AD. it catalyzes the cleavage of 

acetylcholine (ACh) and leads to the loss of ACh, which directly 

leads to the failure of neural signal transmission. In fact, inhibition 

of AChE activity can improve and alleviate the symptoms of AD, 

and superoxide dismutase (SOD) is the main enzyme defense 

against reactive oxygen species (ROS). Inducing the expression of 

these enzymes in cell culture and the whole organism can prevent 

the harmful effects of oxidative stress in various situations. The 

increase of ROS or oxygen free radicals produced by oxidative 

stress has It has been reported that it plays an important role in the 

process of aging. In order to explore the relationship between 

SOD, ache and aging and memory decline (Haider et al., 2014).      

The present paper mainly reviews the mechanism of oxidative 

stress of SOD and cholinergic hypothesis of AD of ache, so as to 

regulate the relevant mechanism of animal's body memory ability.
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2.  SAcetylcholinesterase (AChE) 

Structure of acetylcholinesterase 

AChE is the key enzyme of biological nerve conduction. In 

cholinergic synapses, ache can degrade ACh, terminate the 

excitatory effect of neurotransmitters on postsynaptic membrane, 

and ensure the normal operation of nerve signals in vivo. At the 

same time, ache can hydrolyze ACh to choline and acetic acid. 

There are six different molecular forms of ache, including 

spherical catalytic subunit monomer (G1), dimer (G2), tetramer 

(G4), and asymmetric forms of collagen tail like subunit 

connection, including tetramer (A4), octamer (A8), dodecamer 

(A12) (Gong et al., 2018). The active center of ache contains two 

sub sites, usually called anion and ester group. Hydrolysis of ACh 

involves a series of reactions: the ester is combined with two sub 

sites of the enzyme, and then the choline is released into the 

solution, so that the acetyl group is combined with the base, so the 

acetylase is hydrolyzed. The formation of acetylase is considered 

to be the decisive step of this series of reaction rates, but its life 

cycle is less than one millisecond. Ache also reacts with 

organophosphorus compounds, known as organophosphorus 

compounds. 

Determination of AChE activity 

The AChE activity was determined by rapid colorimetry. The 

main method was to observe the yellow color increase when 

thiocholine reacts with dithiophenylbenzoate (Wang et al., 2018) 

Cholinergic mechanism of AChE 

The decline of memory in human aging and dementia is 

related to the dysfunction of cholinergic system. Some studies 

have shown that the decline of cholinergic may lead to memory 

impairment, but memory impairment may be secondary to 

attention and new information coding defects. In human aging and 

dementia, many neurotransmitter systems seem to be damaged, 

including glutamine, histamine, dopaminergic and cholinergic 

systems (Chen et al., 2018). The change of cholinergic function is 

believed to be related to the decline of cognitive ability to a large 

extent. In addition, cholinergic hypothesis has led to the 

development of preliminary clinical effective treatment of AD. 

The cholinergic hypothesis holds that the dysfunction of 

cholinergic system is one of the causes of memory decline. 

Drachman and Leavitt (1974) first demonstrated a link between 

cholinergic dysfunction and age-related memory impairment 

(Gsell et al., 2004). 

In different regions of the brain, there are many confusing 

differences between a large number of ACh and a low level of 

ACh. One of them is the substantia nigra. In the substantia nigra, 

the dendrites of nigrostriatal neurons containing dopamine release 

a soluble form of ache, which is not affected by cholinergic 

transmission. These two problems prompted people to put forward 

the hypothesis that ache released by the substantia nigra has 

unexpected non cholinergic function. Electrophysiological studies 

have also shown that this dendritic release is not the excitability of 

cells that release ache, but a function of its input. In order to 

explore this phenomenon at the behavioral level, a new online 

detection system for ache release was developed. It can be seen 

that the release of this protein in the substantia nigra can reflect 

the movement of animals, but it has nothing to do with the 

movement. At the same time, ache has a "regulatory" effect on 

substantia nigra striatum neurons, which has nothing to do with 

catalytic sites. The result of this regulatory function is to enhance 

the sensitivity of cells to synaptic entry. Many different types of 

evidence show that AChE may have non cholinergic effects in 

different tissues (Kondakala et al., 2017). 

The relationship between AChE and memory 

The ability of learning and memory can be improved by 

reducing AChE activity and increasing ACh level. It has been 

found that the hippocampus is the main area of the brain involved 

in learning and memory (Morris et al., 1982). In the Morris water 

maze (MWM), the rats with hippocampal damage showed the 

damage of spatial learning and memory function. The 

hippocampal body and cortex were connected. The two areas were 

found to be rich in cholinergic synapses. Early studies showed that 

cholinergic dysfunction was related to the performance of various 

cognitive tasks, and the improvement of performance was often 

accompanied by the improvement of cholinergic function, 

Relevant research reported that PHY significantly and persistently 

inhibited the activity of brain pain in rats, resulting in a significant 

increase in ACh level in the cerebral cortex of rats. Therefore, 

cholinergic drugs phystingmine (PHY) and galantamine (Gal) can 

restore spatial memory ability by significantly increasing ACh 

levels in hippocampus and cortex (Csernansky et al., 2005).

3. Superoxide dismutase (SOD)

Structure of superoxide dismutase 

SOD is an enzyme that can remove superoxide anion and 

catalyze the conversion of superoxide radical anion to hydrogen 

peroxide (H2O2) and oxygen (O2) (Csernansky et al., 2005). In 

animals, there are three types of SOD: dimer cytoplasmic CuZn 

SOD, tetramer mitochondrial Mn SOD and tetramer extracellular 

EC sod. CuZn sod is a major cytoplasmic antioxidant enzyme, 

which metabolizes superoxide radicals into molecular oxygen and 

hydrogen peroxide, thus providing a barrier against oxygen 

toxicity. Mn SOD is a kind of mitochondrial matrix enzyme, 

which scavenges the oxygen free radicals produced by extensive 

redox and electron transfer reactions in mitochondria (Miller, 

2002). At the beginning of synthesis, it contains a leading peptide, 

which is specially designed for this manganese-containing enzyme 

in mitochondrial space. EC-SOD is a recently discovered SOD, 

which is a tetramer containing copper and zinc. When synthesized, 

it contains a signal peptide, which leads the enzyme to 

extracellular space, mainly located in extracellular matrix, 
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especially in areas containing a large number of type I collagen 

fibers, as well as around pulmonary and systemic blood vessels. 

Because the expression mode of EC-SOD is highly influenced by 

specific cell types and tissues, the expression mode of EC-SOD is 

highly dependent on the Its activity can exceed CuZn SOD and 

Mn SOD. Some scholars have shown that CuZn SOD and Mn 

SOD can be used as the overall scavenger of superoxide radicals, 

while the relatively high level of EC SOD in the lung and its 

specific combination with extracellular matrix components may 

represent the basic components of lung matrix protection. CuZn 

SOD, Mn SOD and EC SOD are three known members of human 

SOD family (Fig. 1). 

In order to prove the homology of amino acid sequence 

between CuZn SOD and EC SOD, EC SOD was placed in the 

middle. It can be seen from the figure that CuZn SOD, Mn SOD 

and EC SOD have no significant amino acid sequence homology. 

In the base pair, the size of each exon and intron is related to the 

fragment. 

Determination of superoxide dismutase activity 

Superoxide radical is a highly active product, which can 

cause many diseases. Sod is an enzyme that scavenges superoxide 

radicals. Therefore, it is important to determine SOD activity in 

vivo to elucidate the pathophysiological mechanism of various 

diseases. It has been found that there are many methods for the 

determination of SOD activity, among which chemical method is 

the most common. The principle is that some compounds will 

produce colored intermediates and O
2-

 in the process of 

autoxidation, and the activity of SOD can be estimated indirectly 

by the decomposition of SOD. However, in general, the indirect 

activity measurement method can only be used for SOD activity 

measurement, i.e. pyrogallol autoxidation method. Pyrogallol can 

rapidly self oxidize under alkaline conditions, and release O
2-

, 

forming a colored intermediate. After the reaction, the reaction 

solution first turns yellow brown, turns green after a few minutes, 

and turns yellow after a few hours. However, the X / XOD / cyt c 

method should be used carefully for the determination of SOD 

activity in animal tissues, because the ascorbic acid in animal 

tissues is the scavenger of superoxide onishikimi, and the 

cytochrome c oxidase activity in tissues may be mistaken for SOD 

activity, because the reoxidation of reduced cytochrome c mimics 

the inhibition of cytochrome c reduction. 

Oxidative stress mechanism of SOD 

The transition from the balance between oxidant and 

antioxidant to oxidant transfer is called “oxidative stress”, which 

is caused by the excessive ROS generated by oxygen metabolism 

reactions, which will change the balance between oxidant / 

antioxidant states. It has been found that oxidative stress involves 

many diseases, which can lead to learning and memory defects 

after oxidative brain damage in the process of aging. Antioxidant 

enzymes such as SOD play a key role in reducing oxidative stress. 

Therefore, the removal of ROS by exogenous sods is an effective 

strategy for the prevention and treatment of various diseases. ROS 

is a highly reactive molecule, including superoxide, hydrogen 

peroxide, hydroxyl radicals and unstable lipid peroxidation 

intermediates. ROS has been proved to play an important role as a 

cell messenger in physiological events, such as activity dependent 

synaptic plasticity and memory. At the cellular level, excess ROS 

can damage DNA, protein and lipids. The principle of ROS 

participating in oxidative stress in cells is shown in Fig. 2 (Birben 

et al., 2012). 

In recent years, oxidative stress plays an important role in the 

development of AD. Oxidative stress can induce the formation of 

amyloid plaques. The chronic inhibition of oxidative stress during 

aging can inhibit the neurodegenerative changes related to aging, 

thus inhibiting the development of cognitive dysfunction caused 

by aging. 

Relationship between SOD and memory 

Superoxide has been proved to be closely related to several 

pathological manifestations of aging animals. In contrast, 

superoxide can also be used as a signal molecule to regulate the 

signal transduction cascade required by hippocampal synaptic 

plasticity. Mitochondrial sod is the key antioxidant enzyme for 

superoxide scavenging. Therefore, Mn SOD can not only prevent 

the oxidative stress related to aging, but also regulate the redox 

signal of young animals. The results show that the decrease of 

SOD and the increase of oxidative stress activity are related to the 

increase of cognitive dysfunction. EC-SOD can protect nervous 

system from neurotoxicity caused by acute stress, so as to improve 

the level of oxidative emergency. Over expression of EC-SOD can 

improve synaptic plasticity and memory related behavior in the 

hippocampus of aged mice (Hu et al, 2006). Although 

mitochondrial superoxide may not lead to age-related synaptic 

plasticity and memory damage in the hippocampus, lowering the 

level of mitochondrial superoxide can prolong the life of mice. 

Enhancing the activity of EC-SOD can improve the memory 

ability of organism, and simulating the treatment of EC-SOD in 

the process of aging can have a certain effect on the cognitive 

dysfunction caused by aging.
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Figure 1.  SOD gene family (Zhang et al., 2014). 

 

Figure 2. Effects of oxidative stress on cell signal transduction (Birben et al., 2012). 

4. Pathogenesis of Alzheimer's disease (AD) 

Alzheimer's disease (AD) is a progressive neurodegenerative 

disease characterized by extracellular amyloid - β (Aβ) plaques 

and neuropathological deposition of ζ nerve fiber tangles in cells 

(Massaad et al., 2009). With the natural aging process of human 

beings, cognitive ability will continue to decline. Many studies in 

human and animal models have shown that oxidative stress is 

related to the cause of AD. In recent years, a large number of data 

show that the brain of AD patients is in oxidative stress state. This 

is related to the pathogenesis of neuronal degeneration and death. 

The direct evidence supporting the increase of oxidative stress in 

AD is the increase of Fe, Al and Hg in AD brain, which can 

stimulate the generation of free radicals; the increase of lipid 

peroxidation in AD brain, the decrease of polyunsaturated fatty 

acids, the increase of 4-carboxynonenal, the product of lipid 

peroxidation in CSF; the increase of protein and DNA oxidation in 

AD brain; the decrease of energy metabolism and cytochrome c 

oxidase in AD brain. Early pathologists believe that cerebral 

atherosclerosis is the cause of AD. Ad is a disease with multiple 

neurotransmitter defects. The consistent neurotransmitter changes 

in the cerebral cortex of AD patients are the loss of cholinergic 

markers, cholinesterase and AChE. 

There are many hypotheses about the etiology of AD: genetic 

defects, chronic or latent viral diseases, energy metabolism 

defects, neurotrophic factor defects, glutamate toxicity, 

mitochondrial defects, microelement neurotoxicity and the 

hypothesis of neuronal degeneration or oxidative stress caused by 

free radicals. They interact as pathogenesis of AD. There is a lot 

of evidence that mitochondrial dysfunction and oxidative stress 

are involved in the pathogenesis of AD. Amyloid β deposition co 

locates oxidative stress markers. In transgenic AD mice, partial 

deletion of mitochondrial antioxidant enzyme Mn-SOD aggravates 

the phenotype of AD, increases the deposition of amyloid protein,  
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phosphorylation, and accelerates the occurrence of behavioral 

memory dysfunction (Esposito et al., 2006). 

Some scholars have shown that the most common 

neurodegenerative diseases may be the result of the complex 

interaction between genetic and environmental factors. One of the 

important factors is the aging related changes of mitochondrial 

redox state, the increase of mitochondrial superoxide free radical 

level, and lead to oxidative damage. The decrease of Mn SOD 

activity increases the severity of ad related neuron damage, And 

accelerate the occurrence of hpapp / a β dependent behavior 

change, therefore, prevention or reversal of Mn SOD reduction 

can have a certain effect on cognitive decline caused by aging 

(Esposito et al., 2006). 

5. Conclusion 

In conclusion,a large number of results show that cognitive 

impairment (AD) caused by aging is related to the decline of 

learning and memory ability of animals. The impairment of 

learning and memory ability is caused by the decrease of ACh 

level caused by the increase of AChE activity, and the decrease of 

SOD activity and the increase of oxidative stress activity. It is the 

result of complex interaction between genetic and environmental 

factors. Therefore, by blocking AChE activity Increasing the level 

of ACh can improve the learning and memory ability of animals, 

and enhancing the activity of EC-SOD can improve the memory 

ability of organisms. The treatment of simulated EC-SOD in the 

process of aging can have a certain effect on the cognitive 

dysfunction (AD) caused by aging.
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