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Abstract 

An enlightening viewpoint based on the theory of brain cell activation is to explore the pathogenesis 

and mechanism of sporadic Alzheimer's disease (AD) at molecular level by applying the principles of 

cell physics and biology. Its purpose is to coordinate and unify the existing theories of AD etiology and 

to solve the problems that have puzzled the research field of neurodegenerative diseases for a long time. 

Basic Contents: Excessive cations are transferred from extracellular to intracellular, and compete with 

potassium ions on the inner surface of the cell membrane. As a result, the action potential produced can 

not activate calcium channels normally, leading to abnormal apoptosis of brain cells. Amyloid plaques 

are the remains of abnormal apoptotic brain cells. Amyloid plaques are aggregated by van der Waals 

force and electrostatic attraction between amyloid plaques. The interstitium is amyloid protein. Brain 

cells consist of neurons, microglia and astrocytes in turn. Most of the spotted nuclei in the remains are 

cations. Applicable but not limited to neurodegenerative diseases such as Alzheimer's disease, physical 

means should be preferred to solve such diseases. 
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Alzheimer's disease (AD) is one of the most common neurodegenerative diseases. At 

present, there are about 35.6 million people worldwide, and the aging of the population 

has led to a sharp increase in the prevalence of AD. The main clinical manifestation of 

AD patients is progressive memory impairment. Its main pathological feature is the 

formation of a large number of senile plaques and neurofibrillary tangles in the brain, and 

diffuse brain atrophy. This feature was described by Aercihaimo as early as 1906. 

However, for the study of the true etiology and pathogenesis, there has been no 

significant progress and clear answers in the following 100 years. Research is still 

between several conjectures and hypotheses. 

The viewpoint of this paper is a heuristic viewpoint based on  the theory of brain cell 

activation 
[1]

 under such background. In this paper, the pathogenesis of sporadic AD is 

discussed at molecular level by applying the principles of cell physics and biology. The 

purpose is to harmonize the existing theories of etiology of AD and to solve the source 

problems that have plagued the research field of neurodegenerative diseases for a long 

time. 

Basic contents: Excess cations are transferred from extracellular to intracellular. They 

compete position with potassium ions on the inner surface of cell membranes, thus 

abatementing the membrane potential, making action potential unable to activate calcium 

channels normally
[2]

, which eventually leads to abnormal apoptosis of brain cells. 

Amyloid  plaque are the remains of abnormal apoptotic brain cells. Amyloid plaque is the 

aggregation of amyloid spots by van der Waals force and electrostatic attraction, and its 

interstitium is amyloid protein.Brain cells consist of neurons, microglia and astrocytes in 

turn. Most of the spotted nuclei in the remains are cations. 

Cations are classified into inorganic and organic groups.Among them, inorganic 

cations point to transition metal ions such as Cu
2+、Zn

2+、AL
3+、Fe

2+
,Organic cations 

refer to MPP+, tetraethylammonium ion (TEA), polyamines, and intracellular proteins 

below the isopotential point.MPP+ is an active organic compound, formed by the 

catalysis of monoamine oxidase B in glial cells after MPTP enters the brain. MPTP is 1-

methyl-4-phenyl-1,2,3,6-tetrahydropyridine, which exists in heroin impurities. 

Polyamines exist in a positively charged polycationic state and can bind to nucleic acids, 

proteins and phospholipids in the form of hydrogen bonds and ionic bonds. TEA is a 



 

potassium channel impermeable organic cation,but on both sides of the cell membrane, it 

can block the potassium channel
 [3-8]

 , which is equivalent to occupying the potassium 

position. 

  Alzheimer's disease can be divided into sporadic and familial diseases. It is generally 

believed that familial AD has obvious characteristics of familial aggregation, while the 

pathogenesis of sporadic AD is still unclear 
[9]

.In this paper, we only focus on the 

abnormal apoptosis of sporadic AD neurons, no discuss on the neuronal necrosis caused 

under abnormal physiological conditions such as  by physical, chemical or genetic 

factors .Because of the core point of view in this paper—the position of cation occupying 

potassium is the initiating factor of AD, so the etiology theory is named Theory of dove-

like particles. Take the Chinese idiom "Turtledove occupies the nest of magpies". 

"turtledove" represents the non-essential cation, "magpie" refers to the effective 

potassium ion, and "nest" refers to the position of the effective potassium ion (see figs. 1 

and 2). 

 

 
 

Figure 1  Cation occupies potassium position principle 

Zn
2+

 Cu
2+

 Fe
2+

 is a 2-valent cation, they each occupy two positions of potassium ions, thus 

counteracting two anions, Al
3+

 occupies three potassium sites, thus counteracting three anions, 

Therefore, they reduce the membrane potential and make the action potential unable to activate the 

Ca
2+

 channel. Intracellular organelles and cytoplasm'+-'indicate that they are already in a "steady 

state", accounting for about 99.99999% of all K
+ 

and basically do not participate in membrane 

potential activities; only 0.00001% K
+
 intra-and intra-membrane communication. 



 

 

 
Figure 2 Occupying potassium and affecting action potential 

Blue represents the generation of normal membrane potential and the activity of action potential. 

The red color is the frequency of abnormal neuron's membrane potential and action potential. If the 

membrane potential was reduced to 50%, the action potential amplitude could not reach the threshold 

of activating Ca
2+

 channel. The time of membrane potential depolarization and repolarization may be 

reduced from 2 ms to 1 ms, the frequency of invalid action potential release will be doubled, and the 

ATP energy consumed by sodium-potassium pump will also be doubled. 

 

1. Relationship with Hypothesis of Aβ, tau, etc 

The theory of etiology of AD mainly includes the Aβ protein hypothesis, the tau 

protein hypothesis, the presenilin (PS) hypothesis, the apolipoprotein E (ApoE) 

hypothesis, the cholinergic hypothesis, the inflammatory hypothesis, the metal ion 

metabolism disorder hypothesis, etc. Among them  the more mainstream views are the 

accumulation of Aβ protein and the hyperphosphorylation of Tau protein. 

1.1   Aβ protein hypothesis 

The Aβ protein hypothesis
[10-12] 

 holds that the formation and accumulation of senile 

plaques is the main cause of AD. The main component of senile plaque is beta-amyloid 

polypeptide (Aβ), consisting of a group of 39-43 amino acid residues, which is a peptide 

segment produced by APP after enzymatic digestion. Aβ is derived from amyloid 

precursor (APP),it is a normal product of APP metabolism in all nervous system cells
 

[13]
.Under normal conditions, the production and degradation of Aβ are balanced. Drug 

research based on this hypothesis focuses on reducing the production of Aβ, increasing 

the clearance of Aβ or blocking the aggregation of Aβ. For more than 30 years, no truly 

effective drug has been available
[14]

. 



 

Therefore, some scholars believe that Aβ is not the primary and main mechanism of 

pathological damage in AD, but only the pathological marker accompanied by 

pathological damage in AD
[15]

. The opinion is also controversial that they may, to some 

extent, aggravate the pathological damage of AD. That is, if amyloid is harmful, 

knocking out or inhibiting these proteins in multiple sclerosis mice should alleviate the 

disease, but studies have shown that these measures only aggravate the condition of mice. 

The researchers point out that Aβ is actually synthesized by the organism to protect itself, 

which is very common in the organism. These proteins act as molecular chaperones, 

helping to clear harmful molecules associated with inflammation and immune response 

near the site of injury.  

In addition, the mechanism of Aβ toxicity also derived many auxiliary hypotheses , 

such as Aβ fiber aggregation hypothesis 
[16,17]

, receptor mediation hypothesis 
[14]

, 

microglia mediation hypothesis
[18]

, neuronal axoplasmic transport disorder hypothesis
[19]

, 

endoplasmic reticulum-associated protein-Aβ complex toxicity hypothesis 
[20,21]

, etc. This 

makes the problem of AD more complex and difficult, which does not conform to the 

principle of simplicity of a scientific hypothesis. 

 

Figure 3 The Starry Night of Van Gogh 

Three Masterpieces of The Starry Night : Sarry Night over the Rhone, Starry Night Over the Rhone, 

The Cafe Terrace on the Place du Forum, let the reader imagine and express his wisdom--Infinite 

universe, mysterious brain, Alzheimer Aβ spots and plaques. Unfortunately, this  genius lived only 37 

years. He sold only one painting in his lifetime and was forced to go to a psychiatric hospital, but left 

behind nearly 2,000 world-famous paintings. 

 



 

Recently, researchers have found that APP gene encoding beta-amyloid precursor in 

neurons of AD patients undergoes a large number of rearrangements and mutations. 

Some of these mutations are unique to AD patients
[22]

. It seems to provide new evidence 

for the Aβ protein hypothesis. The meaning of this article is: research in the past decades 

has not been in vain and can be used as a new way of thinking for clinical drug 

development（See Figure 3）. 

The Aβ protein hypothesis has led researchers into a strange circle of silence cost 

effect, seems to have reached the point of ‗too big to fail‘. One of the main points of this 

paper is to reverse the causal relationship between excessive Aβ and AD. 

1.2   Tau, PS, ApoE Hypothesis 

According to the tau protein hypothesis
[23-25]

,abnormal phosphorylation and 

aggregation of tau protein are the main causes of AD. Tau protein is the main 

microtubule protein in nerve cells, which participates in microtubule assembly and 

stabilization of synaptic transmission mechanism.Normal tau protein is a phosphorus-

containing protein. The phosphoric acid content of tau protein per gram molecule is 2-3 

grams. In AD patients, the phosphoric acid content of tau protein per gram molecule is 5-

9 grams, which is 2-3 times the normal level.When tau protein is over-phosphorylated 

and aggregated in cells, it can inhibit the assembly of microtubules and destroy the 

stability of microtubules, thereby damaging the axonal transport system, resulting in 

synaptic loss and retrograde degeneration. 

The abnormal tau protein plays an important role in the pathogenesis of AD. It also 

participates in the pathological process of more than 20 other neurodegenerative diseases, 

some scholars believe that abnormal tau protein is the upstream event of Aβ. 

According to PS Hypothesis 
[26,27]

, PS may play a role in the pathological process of 

AD by regulating gamma-secretase to cleave APP and affect tau protein phosphorylation. 

PS includes PS-1 (467 amino acids) and PS-2 (488 amino acids), which are highly 

homologous. PS is involved in the regulation of intracellular calcium signaling pathways, 

such as adjust the stability of beta-catenin, transport of membrane proteins and calcium-

dependent apoptosis. About 50-80% of familial AD is associated with PS-1 and PS-2 

gene mutations. 



 

According to the ApoE hypothesis 
[28-30]

, ApoE acts similarly to neurotrophic factors. It 

is abundant in senile plaques of AD patients and it also exists in intracellular 

neurofilament tangles (NFT) caused by tau hyperphosphorylation 
[15]

.So far, ApoE is the 

only known apolipoprotein closely related to the nervous system, it consists of 299 amino 

acid residues with a molecular weight of 34 KD. ApoE is the most important lipid 

transporter in the central nervous system, which is mainly produced by astrocyte. At the 

beginning of nerve regeneration, a large number of lipids accumulated in the injured area, 

macrophages in the stroma migrated to the injured area, synthesized and secreted ApoE 

to capture liposomes and store them in macrophages. The lipids carried by ApoE will be 

used for axonal and myelin regeneration. 

Tau, PS and ApoE only have effect in the ascending or descending pathway of beta-

amyloid, although it has attracted the attention of researchers, but Like Aβ, it belongs to 

the late event of degeneration of AD neurons. 

1.3   Cholinergic hypothesis 

According to the cholinergic hypothesis 
[31,32]

, that the loss of cholinergic neurons in 

basal forebrain and enzyme activity decreased significantly is the most prominent 

pathological and neurochemical feature of AD patients, it is the main cause of learning 

and memory impairment in AD patients. 

This hypothesis is widely supported by the evidence of pharmacology, biochemistry 

and electrophysiology, this hypothesis is also supported by the author himself in the brain 

cell activation theory 
[1]

, but in the theory of brain cell activation, it seems that the 

expression of ‗it is an indisputable fact that the selective degeneration of cholinergic 

neurons in the brain‘ does not  rigorous enough. The reason for Degeneration of 

cholinergic neurons in the brain is the special location of concentrated area of cholinergic 

neurons in brain——basal forebrain, Instead of ‘selective degeneration’. Take this 

opportunity to correct the inappropriate expression of brain cell activation theory. 

The cholinergic hypothesis can only explain the mechanism of AD memory 

impairment, but it is not inconsistent with this paper, and is completely covered by this 

paper view. 

1.4   Inflammation hypothesis 



 

According to the inflammation hypothesis 
[33,34]

,inflammatory factors are the main 

factors leading to degeneration of AD neurons. Neuritis is a prominent feature of AD 

brain,inflammation in the brain of AD patients is the activation of microglia and 

astrocytes. It is embodied in its number increased, volume increased, initiative enhanced, 

secretion of a variety of inflammatory factors. At present, it is widely believed that the 

immune response of these inflammatory factors is closely related to the pathological 

progress of AD 
[35-37]

. Microglia account for about 5%-20% of the total number of glial 

cells, they are macrophages in the brain and the only immune cells in the brain 

parenchyma, therefore, it is regarded as the first line of defense of the central nervous 

system against pathogenic invasion. 

The view of this article is that the inflammatory factors are not the initial factors 

leading to degeneration of AD neurons, it is the normal immune response of microglia to 

beta-amyloid spots and plaques, it's probably beneficial and harmless. 

1.5   Metabolic Disorder Hypothesis of Metal Ions 

According to the metal ion hypothesis
 [38]

,metabolic imbalance of metal ions in brain is 

related to AD, iron and copper deficiency maybe mainly closely related to the early stage 

of AD, iron and copper plasma overload maybe mainly closely related to AD late damage, 

the importance of this theory in the development of AD research has attracted wide 

attention of researchers. 

 

Figure 4  Essential Trace Elements in Human Body 

Four red elements, accounting for 99% of the total number of human atoms; Seven blue elements, 

accounting for 0.9% of the total number of human atoms; Other elements of green labeling are also 

essential trace elements for human body. At present, it is not clear whether the Yellow marking 

elements are necessary for the human body, the essential trace elements of human body should not 

exceed the standard excessively, if excessive extracellular potassium ions affect the membrane 

potential, sodium ions will prematurely mix into the cell and occupy the potassium position. 



 

This paper supports some of the viewpoints of this theory, the difference is that: the 

cations mentioned in this paper are not limited to inorganic metal cations, but also 

include organic cations; In this paper, the author applied the principles of Biophysics to 

explain the pathogenesis, this theory applies biochemical principles such as oxidative 

stress reaction and is incompatible with other theories (see figure 4). 

2. Demonstration 

Although this article does not support or not fully support the theories of various 

etiologies of AD,however, the basis of these theories can be transformed into a natural 

conclusion as evidence to support this point of view. 

2.1   Biophysical proof 

During the action potential process, the depolarization of cells is caused by the 

transmembrane influx of sodium ions, and the repolarization of cells is caused by the 

outflow of potassium ions, it was confirmed by Hodgkin and Huxley experiments: the 

ascending phase of action potential is caused by the instantaneous increase of gNa and the 

influx of sodium ions, and the descending phase is related to the increase of gK and the 

outflow of potassium ions 
[39-41]

. 

A small change in K
+
 concentration can cause a great change in membrane potential. 

Using Nernst equation, the relationship between ion concentration and equilibrium 

potential was calculated for a cell with a diameter of 50 μm and a diameter of 100 

mmol/L K
+
, the results show that the change of the membrane from 0 mV to - 80 mV, its 

need concentration change is about 0.00001 mml/L, when K
+
outflow reached equilibrium, 

intracellular K
+
concentration decreased from 100 mmol/L to 99.99999 mmol/L, which 

was one-tenth of a million (1/10000000)
 [42]

. 

Nernst equation :   

 : Ion Equilibrium Potential  R: Gas constant  T : Absolute temperature  Z: Ionic 

charge  F: Faraday constant  Log: Logarithm with base 10  : Extracellular ion 

concentration   Intracellular ionic concentration. Under the condition of body 

temperature, the   Nernst equation   of K
+
 can be simplified as follows: 

    = 61.54         IF  =        AND = 1.3 



 

Then  = 61.54  

Cells 50μm in diameter: 

Cell volume      = 65416.66667μm³ 

Surface area   = 7850μm² 

Then, how many K
+
 does this concentration difference of one in ten million correspond 

to？We then deduce that:1L=10
15

μm³, Amount to 6/μm³, the K
+
 efflux from the whole 

cell was 393808≈400,000, equivalent to the inner surface of the membrane 50/μm². If 

there are 2000 K
+
channels in a single neuron, a K

+
 channel can be shared at 4 um

2
. That 

is to say, for an action potential stroke, there are only 200 K
+
 outflows or inflows per K

+
 

channel. 

In theory, the permeability of a potassium channel is per second through 10
8
 potassium 

ions
[43]

, the actual results are as follows: the change of membrane potential from 0 mV to 

- 80 mV requires only K
+
 Concentration Change one in ten million, amount to 400000 

Per time,50/μm²,6/μm³,200/ passageway. Generate an action potential, single ion channel 

outflow or transfer to K
+
,  it's not really a big number, but in terms of the structure and 

function of cells, this number hides great secrets. 

Only the concentration difference of 0.00001% is the effective concentration. K
+
 is 

aggregated on the surface of the cell membrane or a small amount of free organelles. It 

really participates in the activity of membrane potential, the remaining 99.99999% of 

potassium ions ,counteract the negative charges on intracellular anions or organic 

molecules and are in a "steady state" . They exist in the nucleus and organelles of cells, 

and a small part of them are stable between the fine organelles. Compared with the 

generation of membrane potential, they can be regarded as invalid concentration. 

Therefore, the ratio of activation rate of specific ions can not be equal to the ratio of 

concentration. Applying Nernst equation, using the Ratio Method of Concentration, it can 

be deduced that the relationship between the change of membrane potential and the 

change of K
+
 concentration is not very close

[44]
. But it did not respond to the "one in ten 

million" question. 

Any cation, if K
+
 flows out of the cell, will leave an uncoupled negative charge in the 

cell, from this, this produced an electric field or a membrane potential, this membrane 



 

potential prevents further extracellular migration of K
+
, they reached a balance in about 

1ms
[45]

. In other words, any non-essential cations that are incorporated into the cell and 

remain on the surface of the endothelium will counteract the negative charge on the inner 

surface of the membrane. At this time, nonessential cations have occupied the position of 

potassium ions, and affected the amount of K
+
 transported by the sodium-potassium 

pump from the outside to the inside of the cell. If it is a bivalent cation, one cation will 

cancel out two negative charges and replace two K
+
. Taking Zn

2+
 as an example, about 

85% of Zn
2+

 ions in the brain bind to metalloproteins and remain stable, while about 15% 

of Zn
2+

 ions are free. The density of Zn is 7.14g/cm³, and is greater than 

4.5g/cm³,therefore, Zn
2+

 is easily deposited on the surface of endothelium, it competes 

with the potassium ion on the inner surface of the membrane and occupies the position, 

which will greatly reduce the membrane potential, when a certain threshold is reached, 

the action potential generated by it will not activate the voltage-gated Ca
2+

 channel, 

which will eventually lead to neuron apoptosis and abnormal death. The effect of 

excessive cation occupying potassium position on membrane potential, it is inaccurate to 

use the term "membrane depolarization" to express . 

Similarly, membrane potential is also sensitive to changes in extracellular potassium 

concentration, if the change of extracellular K+ 
concentration 10 times, that is, the increase 

of K+ 
concentration from 5 mmmol/L to 50 mmol/L, will make the membrane change 

from - 65 mV to - 17 mV 
[42]

, it results in more than 70% changes in membrane potential. 

The above values are only estimates, the estimated values of different editions of 

textbooks differ greatly 
[44,45]

, but they all clearly express such a view, that is: K
+
, which 

is used to establish cell membrane potential and enter the charged layer, has no 

significant effect on intracellular K
+
concentration 

[44]
, its concentration one in ten million 

change can be neglected 
[42]

. This is the key point that the author tries to correct and 

reminds researchers to attach great importance to: the current algorithm of Nernst 

equation can't really reflect the relationship between effective ion concentration and 

membrane potential, the concentration difference of one in ten millions is the effective 

concentration, which should never be neglected, this is the key to the problem. 

2.2   Medical pathological proof 



 

At present, it can be determined that beta-amyloid protein is a biomarker for AD 

detection 
[15]

. A large number of studies have shown that: there are a lot of amyloid 

proteins in the brain neurons of AD patients, which accumulate to form senile plaques,it 

coexists with high concentration of metal ions, Including zinc (about 1 mmol/L), copper 

(about 0.4 mmol/L), aluminum (about 0.88 mmol/L), iron (about 0.9 mmol/L), etc.
 [46-50]

. 

Autopsy of patients with advanced AD found that, Zinc content in hippocampus, 

amygdala and multiple neocortex increased significantly 
[51-56]. 

Using atomic absorption 

spectrometry (AAS) and micro-PIXE (micro-PIXE), the researchers confirmed that zinc 

content in the senile plaques of AD patients was up to 1055 mmol/L, while zinc content 

in the nerve fiber network of the same age control group was only 350 mmol/L 
[57]

. Dong 

et al.
 [58]

 separated the senile plaques of AD patients, observed and determined their 

structure and composition by Rman microscopy, and found that the distribution of zinc 

ions was consistent with that of histidine residues. Rehga et al. 
[59]

 detected the content of 

zinc ion in the cortex of autopsy of 10 AD patients and 14 controls of the same age, he 

found that the content of zinc ion in the cortex of AD patients was more than twice that of 

the control group. The level of zinc ion in the cortex of most advanced AD patients 

increased significantly. Using metal autoradiography, it is found that zinc ions 

accumulated in a large number of Aβ plaques 
[60,61]

, especially in the nucleus Aβ of 

neuroinflammatory plaque congregated in dysfunctional neuronal processes, a large 

amount of zinc ion deposition can also be seen in the site of amyloid angiopathy 
[60,62]

. In 

the vulnerable sites of AD lesions, such as hippocampus and amygdale, it can be detected 

that abnormal elevation of zinc ion concentration
[51-56,63]

. In vitro studies have shown that 

zinc ion can induce hyperphosphorylation of Tau protein 
[64]

. The increase of zinc ion in 

the brain of patients with advanced AD is consistent with the appearance of 

neurofibrillary tangles, In the neurons with neurofibrillary tangles, and zinc ion content 

increased significantly 
[65]

. In vitro studies showed that treating it with zinc ion of 300-

600 micromol/L for 15 minutes, can cause extensive neuronal death in the cerebral cortex
 

[66]
. 

The recommended intake of copper was 0.9 mg/d. The healthy human body contains 

110 mg of copper, while the brain contains about 9 mg of copper. Appropriate amount of 

copper is of great significance to the human body. The concentration of free copper in 



 

normal cells is less than 1 atom per cell on average
[67,68]

. Maynard et al. 
[69]

 found that the 

level of copper ion in brain tissue increased significantly with age, the concentration of 

Cu
2+

 in senile plaques was very high (about 0.4 mmol/L) 
[70]

. Lovell et al. 
[71]

 used 

particle emission (PIX) to measure the content of copper ions in the brain of AD patients, 

which was 1.5 times that of normal people. Atwood et al. 
[72] 

reported that the 

concentrations of copper, iron and zinc in senile plaques of AD patients were 390 

micromol/L, 940 micromol/L and 1055 micromol/L, respectively, which were 

significantly higher than those of the control group (70 micromol/L, 340 micromol/L and 

350 micromol/L), the concentration of cerebrospinal fluid in AD patients increased by 2.2 

times compared with the normal level, accompanied by changes in copper, iron and zinc-

related proteins. 

Aluminum is not necessary for human body, but the research results show that the 

incidence of AD in individuals with chronic aluminum poisoning is as high as 71% 
[73,74]

. 

As early as 1973, Crapper et al. 
[75]

 found that aluminium accumulated in some areas of 

the brain of AD patients and could induce degeneration of nerve fibers in higher animals. 

In 1980, Perl and Brody 
[76] 

used scanning electron microscopy (SEM) and X-ray 

fluorescence spectroscopy (XRF) to detect the content of Al in hippocampal neurons of 

AD patients and normal elderly cadavers respectively. The results showed that the 

content of Al in neurons with high percentage of neuronal fiber tangles increased 

significantly in both AD patients and normal elderly people, while there was almost no 

Al deposition in adjacent normal neurons. Yumoto et al. 
[77]

 used energy diffraction X-ray 

spectroscopy and transmission electron microscopy (TEM-EDX) to investigate the role of 

aluminium in the brain of AD patients. The results showed that aluminium participated in 

the process of Aβ aggregation to form neurotoxic fibers, and may induce Aβ to form Aβ-

folding structure. Gonzalez-Dominguez et al. 
[78]

 have studied the dynamic balance of 

metals in the pathogenesis of AD. The results show that Al-mediated neurotoxicity 

mainly acts on small molecule substances. Moreover, the abnormal concentration of Al in 

blood also affects the distribution of other metal elements and disturbs the dynamic 

balance of metals in serum. It has been proved that reducing the intake of aluminium is 

an effective measure to prevent AD 
[79]

.   



 

Although iron ion has no direct interaction with Aβ, the iron content in AD patients' 

brain is positively correlated with the development of disease. With the increase of age, 

iron ions deposit in the globus pallidus, caudate nucleus and putamen nucleus, mainly in 

the globus pallidus, this should be the direct evidence of the " Amyloid spots are the 

remains of abnormal apoptotic brain cells " view. The researchers also found an 

abnormally high concentration of Fe
3+

 in senile plaques (about 1 mmol/L) 
[70]

. Zhu 

Wenzhen et al. 
[80]

 discovered that, the iron content in bilateral hippocampus, parietal 

lobe, shell, caudate nucleus and dentate nucleus in the brain of AD patients was 

significantly higher than that of the normal control group. Brar et al. 
[81] 

 research result 

show that accumulation of iron will add to the pathogenesis of AD. 

2.3   Proof of biological model 

Metal ions can cause AD, which has been confirmed by a large number of basic 

experiments by researchers at home and abroad,in particular, AD animal models have 

been successfully made with metal ions, which supports the core point of this paper as 

strong evidence. 

Genghai Bureau and Luo Huanmin
 [82] 

succeeded in preparing AD animal model on the 

basis of subacute aging model with D-galactose and aluminium trichloride,the model 

mice showed obvious learning and memory impairment, decreased levels of 

acetylcholine (ACh), decreased activities of acetylcholinesterase (ChAT) and 

cholinesterase (CHE), and pathological changes such as senile plaques and 

neurofibrillary tangles. Kawahara et al. 
[83] 

used primary cultures of mouse cerebral 

cortical neurons as a model system in vitro to study the accumulation and neurotoxicity 

of aluminium to Aβ, they found that three weeks after adding 50 mmol/L aluminium 

chloride, neurons changed morphologically and accumulated Aβ. They also used Western 

blotting to detect the polymerization of Aβ in vitro,it demonstrates that aluminium 

induces conformational changes of Aβ peptide and enhances the accumulation of Aβ in 

vitro. Cheng Shuzhen et al. 
[79]

 studied the rat of  AD model induced by aluminium, it is 

confirmed that excessive intake of aluminium causes the imbalance of cholinergic system 

in rats and leads to AD. She found that the acetylcholinesterase (AchE) activity in rat 

hippocampus was significantly increased, ChAT activity was significantly decreased, and 



 

ACh content was significantly reduced in the diet group containing medium and high 

doses of aluminium. 

Walton et al. 
[84]

 fed rats with AlCl3 (1.7mg/kg•d) for 4 months and found that the 

expression of APP gene in hippocampus and cortex increased. Rui et al. gave ICR mice 

oral AlCl3 (10mg/kg •d) for 100 days,it was found that MDA levels in hippocampus and 

cortex increased, SOD activity decreased, and DNA oxidative damage occurred in 

hippocampus and cortex neurons. Adult male Wistar rats were fed oral AlCl3 (17mg/kg•d) 

for 6 weeks to induce AD-like pathology. Compared with the control group, the model 

group rats showed glial cell activation and neuronal atrophy. Justin et al. 
[85] 

injected 

AlCl3 (100mg/kg•d) intraperitoneally for 60 days in male Wistar rats,there were 

significant learning and memory deficits and increased neuronal apoptosis in rats. 

Rodella et al.
 [86]

 fed mice with 2.5% aluminium sulfate solution for 12 months,amyloid 

vasculopathy similar to precipitation of Aβ appeared in mice. The deposition of Aβ protein 

in hippocampus and cortex increased significantly. The mice were fed with AlCl3 (60 

mg/kg) for 7 days. Compared with AD model mice by step-through test, the ability of 

spatial memory and learning in AD model mice was decreased. 

Copper can also aggravate the pathological changes of AD. Some researchers used 

bilateral carotid artery ligation combined with high Cu
2+

 feeding to induce the 

establishment of AD rat model,it was found that in the Morris test, the escape latency 

time of model group was significantly delayed compared with that of control group only 

with bilateral carotid artery ligation,the structure similar to senile plaque also appeared,in 

the cortex and hippocampus, the positive cells of Aβ-like immunoreaction 
[87]

 were 

produced. Hutchinson et al. 
[88]

 also confirmed that copper ion levels did increase in 

transgenic mice. Sparks 
[89]

 fed rabbits a high cholesterol diet and added trace amounts of 

copper (0.12 ppm) to their drinking water,results Compared with the control group fed 

distilled water under the same conditions, the formation of senile plaque increased 

significantly,and closer to human age plaques, at the same time, cognitive impairment 

occurred in rabbits. 

Wang Zhanyou et al. 
[90]

 fed AD transgenic mice with high iron drinking water,it 

aggravates the deposition of Aβ and phosphorylation of tau protein in the brain. Wang 

Chunyan and others
[91]

 also found that, Long-term use of drinking water with high zinc 



 

content in APP/PS1 transgenic mice resulted in increased expression of APP and 

splitting , and deposition of Aβ in the brain. 

3. Explain 

We assume that the above viewpoints and arguments are correct, on this premise, it is 

necessary to discuss some issues closely related to the core viewpoints of this paper one 

by one. Even if some arguments are insufficient or not direct enough, they may also be 

mentioned as side evidence of this viewpoint. 

3.1   Ion Channel and Blood Brain Barrier 

Ion channels require 4 to 6 similar protein molecules to polymerize,and a channel is 

formed in the center.Although there are hundreds of ion channels, most of them have ion 

selectivity, this is determined by the diameter of the channel and the properties of the R 

group inside the channel,channel proteins can be suspended in lipid bilayers, its 

hydrophobic part is located in the membrane, while its hydrophilic ends are exposed to 

the water environment both side 
[92-95]

.Blood-brain barrier refers to the barrier between 

plasma and brain cells formed by brain capillary wall and glial cells, and between plasma 

and cerebrospinal fluid formed by choroid plexus, these barriers prevent certain 

substances from entering brain tissue from the blood, it is difficult or easy for many 

solutes in blood to enter brain tissue from brain capillaries；Some of them passed 

quickly, some slowly, and some could not pass at all
 [96-98]

. 

3.1.1   Relativity of transparent selection 

Their permeability and selectivity are derived from evolution, and their selectivity to 

ions is relative.Taking potassium channel
 [2]

 as an example, the pore size of selective 

filter and molecular composition determine the selectivity of channels to potassium ions
 

[99-102]
. The atomic radii of potassium ion and sodium ion are 1.33Å and 0.95Å 

[43]
, 

respectively，although sodium ions are smaller than potassium ions, however, potassium 

channels can effectively select potassium ions to pass through ， one third of the 

potassium channel is a selective filter, it determines the specificity of ion selection. There 

are four potassium ion binding sites in the potassium channel，although sodium ion is 

smaller than potassium ion, it can not interact with oxygen atoms lining the channel, so it 

can not effectively pass through the potassium channel. Similarly, the permeability of 



 

sodium channel to sodium ion is more than 12 times higher than that of potassium ion，

most of the binding water is removed when sodium ions pass through the channels，the 

remaining water molecules act as ion chaperones to help sodium ions pass through 

selective filters，this ion-water complex can be used to select sodium ions and remove 

potassium ions. 

It has been reported that when 20 potassium ions pass through the channel, one sodium 

ion passes through the channel
[103]

; Another document is expressed in this way: the 

permeability of potassium channels to potassium is one thousand times that of sodium 

ions, that is to say, only one sodium ion may be mixed into of the 1,000 potassium ions 

passing through
[104]

; Another document provides the following data: the ionic radius of 

Na
 +

 is much smaller than that of K
+
,but its permeability is less than one in ten thousand 

one of K
+ [105]

 . 

There are many similar life science textbooks, the data provided on the same question 

are very different, for example, the data difference of radius of Na
+
 and K

+
 ions, and the 

data error of permeability selectivity of potassium ions, etc. it's really embarrassing for 

the students. Let's compromise, the permeability of potassium channel to sodium ion is 

tentatively set at 0.01-5%. Although the data are so different, But it also illustrates the 

fact that the selectivity of ion channels is not absolute. 

The sensitivity of membrane potential to potassium ion concentration leads to the 

evolution of the regulation mechanism of intracellular and extracellular potassium 

concentration, one of them is the blood-brain barrier, it restricts potassium and other 

blood loads from entering the brain's extracellular body fluids, it also includes other non-

essential cations, especially metal ions. Once excessive potassium ions break through the 

blood-brain barrier, it can also be dispersed into a larger area by the network of astrocyte 

processes, the mechanism by which astrocytes regulate intracellular potassium 

concentration is called potassium spatial buffering
 [106-108]

. 

Using copper ions as an example, in physiological state, capillaries prevent them from 

entering the brain. Over time, excessive copper ions enter the cerebral vessels through the 

blood circulation and deposit on the walls of the vessels, it is especially deposited on 

endothelial cells of capillaries, these cells are the key components of the blood-brain 

barrier of the brain defense system, they regulate molecules into and out of brain tissue
 



 

[109]
. Excess copper ions must have broken through the blood-brain barrier, Otherwise, it 

can not explain the source of copper ions in brain tissue, so the permeability selectivity of 

blood brain barrier is relative. 

3.1.2   Cationic pathway into brain 

Cations can be absorbed by nerve tissue through blood-brain barrier, choroid plexus 

and nasal cavity 
[110]

. Some channel proteins are highly selective and allow only one ion 

to pass through; Other channel proteins allow several homologous ions with the same 

valence to pass through; Some channel proteins are completely random
 [111]

. 

There are 12 pairs of nerves in and out of the brain, only the olfactory nerve is 

exposed
[14]

. The olfactory nerve begins in the olfactory mucosa of the nasal cavity. The 

central processes of the olfactory cells first merge and interlace into clusters in the 

mucosa, and then synthesize 15 to 20 olfactory filaments from the clusters. The olfactory 

filament leaves the olfactory mucosa and enters the anterior cranial fossa through the 

ethmoidal foramen upward, terminating in the olfactory bulb
 [112]

. This is also why some 

patients with increased intracranial pressure may have leakage of cerebrospinal fluid 

from the nasal cavity. 

The degeneration and death of dopaminergic neurons in the substantia nigra of patients 

with Parkinson's disease (PD) may be related to their long-term exposure to volatile 

substances or special environment, it is because of the special location of the substantia 

nigra in the brain and the exposure of the olfactory nerve. one is that substantia nigra is 

located in the center of the brain, and the probability of obtaining non-essential cations is 

much higher than that of other parts of the brain. The other is that it is directly related to 

the exposed olfactory nerve. Ulla et al. 
[113] 

examined the substantia nigra and caudate 

putamen nucleus of PD patients by magnetic resonance imaging, and found obvious iron 

deposition, which was related to the severity of the symptoms. Olfactory dysfunction is 

the first clinical symptom of PD patients, which occurs earlier than motor symptoms, but 

is easily ignored by patients and doctors. Other studies have shown that about 80% of 

patients with PD will develop into dementia in the late stage, namely Parkinson's 

dementia (PDD). Severe olfactory dysfunction can be used as an important clinical 

indicator of the asymptotic development of PDD 
[114]

. 



 

The above facts are sufficient to illustrate that, unnecessary cations may enter neurons 

through more than one pathway,because it is a trace element or non-essential element, 

there are no special channels and transporters for it in the process of life evolution. 

3.1.3   Intracellular location of cations 

Cations are also called positive ions, it refers to the ionic form that loses the outer 

electrons to achieve a relatively stable structure, inorganic refers to transition metal ions. 

Organic cations tend to point to large and small carbon molecules, any protein has a 

characteristic PH, called isoelectric point (PH = 7 without any charge), it is positively 

charged below the isoelectric point and can directly occupy the position of potassium in 

the cell（See Fig. 5). 

 

Figure 5  Proteins and other macromolecules bind to each other through 

complementary charges on their surfaces 

There is relatively weak electrostatic attraction between polar covalent bond molecules. Any 

macromolecule containing many polar groups has positive charges in part of its surface and negative 

charges in the other part. When such a molecule encounters another molecule with anisotropic charge, 

they attract each other by electrostatic attraction, when a large number of non-covalent bonds are 

formed on the surface of two macromolecules, they will adhere to each other specifically. Moreover, 

the non-charged polar side chains can not be ignored, for example, in neutral PH, although N of amide 

is not charged, it is polar. 

 

The reason why non-essential cations can "travel long distances" to the central nervous 

system and invade neurons is determined by the characteristics of their free state. 

Because, more similar cations, for example, zinc is about 85%, it is intercepted at the 

initial stage of entry into the body, it is stable in combination with other negative 

substances, only a few cations (about 15% zinc) wander around, On the way, even 



 

encounter with other negative substances is a temporary virtual combination, will not 

really be in a "steady state". 

Once such cations, especially metal ions, enter neurons, their density determines their 

landing point, which is deposited on the inner surface of cell membranes. Cations 

entering the cell are involved in the production of membrane potential, although their role 

is negative. The nucleus is often pushed to the edge of the cell by the central organelle, 

this increases the probability that metal ions will break into the nucleus again,this is one 

of the main reasons why the nucleus is the target of most metal ions,the consequence of 

its entry into the nucleus is a mutation or canceration of the gene. Luckey
 [115] 

thought that 

the nucleus seemed to be the main target of most carcinogenic metals and cited examples 

that HEATH found that carcinogenic metals mainly existed in the nucleus. 

After cations enter the nucleus and organelles, we can think of it as a "steady state", it 

can be understood as a "metal ion library", the cations in the free state precipitated on the 

inner surface of the membrane and participated in the activity of the membrane potential. 

It is very difficult for non-essential cations to break through the blood-brain barrier. If 

they escape the screening of ion channels again and break into cells, it is very, very 

difficult. In theory, the probability of cations entering the cell nucleus or organelle again 

is almost the same as that of cations escaping from the cell,for all that, it still increased its 

chances of attacking the nucleus. Metal ion transporters (DMT1) exist on the surface of 

many neuron membranes in the brain, it is shared by many divalent metal ions and can 

transport Fe
2+

, Zn
2+

, Mn
2+

, Co
2+

, Cd
2+

, Cu
2+

, Ni
2+

, Pb
2+

, etc. For all that, once excessive 

non-essential metal ions enter cell, the transport capacity of DMT1 will not meet the 

actual needs and become very active. When non-essential cations enter the cell, they 

occupy the position of potassium and play a destructive role, it does not occupy sodium 

and calcium ions,even if this happens, it is of no real significance. 

In addition, cations block or destroy ion channels. Inward rectifier K
 +

 channel is 

another form of Kv or Shaker channel, This rectification phenomenon is caused by the 

blockage of ion channels and the loss of outward potassium current caused by positive 

charged Mg
2+

, Spd in cell membrane depolarization
 [116,117]

. Under physiological 

conditions,polyamines exist in a positively charged polycationic state, polyamines can 

intercalate ion channels on membranes to prevent ions from transporting into and out of 



 

cells, especially the blocking or interference of polyamines on Ca
2 + 

and K
 +

 channels, if 

all potassium channels can be blocked by TEA
 [118,119]

, then the signal transmission 

process will be significantly affected
 [120-125]

, which is equivalent to indirectly occupying 

the position of potassium. TEA can bind at different sites and channels on both sides of 

the membrane to block potassium channels 
[4,6,8,56,126]

. 

Blood-brain barrier and ion channel, its permeability and selectivity are not absolute, 

gating of ion channels is also  not absolute. Another important property of ion channels is 

gated, channels of this nature can be opened and closed. Because there are channels in the 

cell membrane of neurons, as long as the volume of metal ions in the extracellular fluid is 

smaller than the pore size of the pore, they are easy to diffuse or mix into the cell with the 

influx of ions, no matter in what form and whether it is fat-soluble or not. 

Recently, Scientific American reported the research of Thomas Heimburg and other 

scientists,it is believed that neurons communicate with each other through mechanical 

waves similar to sound waves, while electrical impulses are only by-products of this 

process. Because the energy of acousto-optoelectronic magnetocaloric heat can be 

converted to each other, and eventually the configurations of ion channels can be changed 

by mechanical force, so there is nothing wrong with understanding the transmission of 

action potentials as mechanical waves. 

3.2   Potassium Ions and Potassium Channels 

For cellular neurobiology, the most important ions are monovalent cationic sodium and 

potassium, bivalent cationic calcium and monovalent anionic chlorine. Among them, 

potassium ions are ions obtained by the loss of one outermost electrons of the potassium 

atom, it is the main cation of intracellular fluid,in our bodies, 98% of potassium is found 

in cells. Normally, the potassium content in the daily diet is enough to meet the needs of 

the body, and there will be no potassium deficiency, the distribution of potassium ions in 

different concentrations inside and outside cells is an important reason for the formation 

of negative membrane potential. Potassium channels are also involved in regulating the 

electrical activity of various cells, it also determines the frequency of action potential、

amplitude、mode of repetitive discharge activity. 

Simply put, an objective index for evaluating cell viability and death is whether there 

is a negative membrane potential in the cell, so the importance of potassium ion and 



 

potassium channel is self-evident, it can also be understood as the starting point and end 

point of action potential generation and release. 

So how does potassium channel achieve its selective permeation mechanism? This is 

due to the structural study of the potassium channel (KcsA potassium channel) of 

Streptomyces, it has amino acid sequences similar to those of other potassium channels
 

[101,102,127,128]
, especially in the pore region which contains the characteristic sequence of 

potassium channel in the membrane, it has almost the same sequence as Drosophila 

shaker channel and vertebrate voltage-gated potassium channel
 [129,130]

. By studying on 

the Interaction between KcsA Potassium Channel Toxin and Eukaryotic Potassium 

Channel Toxin, it is confirmed that its pore area is similar to that of eukaryotic organisms, 

and this structure remains unchanged when the channel is separated from the 

membrane
[131]

. The structure of KcsA potassium channel is consistent with the results of 

the study of shaker channel function and mutation，its concept of pore zone is defined on 

the basis of the study of the role of scorpion venom and channel
[132]，this inhibitor 

interacts with the amino acid residues outside the pore membrane
 [133,134]

. 

When the gated selectivity of potassium channels decreases due to external force 

damage or gene mutation, a large number of sodium ions will "mix" into cells ahead of 

time from potassium channels，after that it is transported to extracellular space by 

sodium-potassium pump. If sodium ions occupy the potassium position in this way, 

destroying neurons
 [42]

, its behavior is very covert, although it is cationic with copper and 

zinc, it is not easily detected. Without exception, all potassium channels have a key 

amino acid sequence, that is, the characteristic sequence of potassium channels. Let the 

amino acids in this sequence mutate, that would deprive the potassium channel of its 

ability to distinguish between potassium and sodium ions
 [7,42,126]

 and causes sodium and 

potassium ions to pass through channels . 

Yuh-Nung Jan and Lily Yeh Jan revealed abnormal potassium channels in the shaker 

mutant. Abnormal impairment of potassium channels, that would increase sodium 

permeability and decrease the negative value of neuronal membrane potential,it 

eventually leads to neuronal apoptosis
 [135,136]

. Once the potassium channel is damaged, 

even without the involvement of non-essential cations such as copper, zinc, aluminium 

and iron, premature neuronal apoptosis can be induced, at this time, sodium ions entering 



 

ahead of time compete with potassium ions to occupy positions. This shows the 

importance of potassium channels. 

3.3   Ion pump 

In cellular neurophysiology, two ion pumps are particularly important: sodium-

potassium pumps and calcium pumps, both of which are enzymes. The function of 

sodium-potassium pump is to exchange sodium ions in the membrane with potassium 

ions outside the membrane, so as to ensure that potassium ions gather inside neurons, and 

sodium ions gather outside neurons
 [137-139]

. The function of calcium pump is to transport 

calcium ions from intracellular to extracellular
 [140-142]

. The function of ion pump is to 

form ion concentration gradient, which needs to consume metabolic energy
 [143-147]

. It is 

estimated that the human brain consumes 20% of its total energy, the sodium-potassium 

pump consumes 70% of the brain energy. 

3.3.1   Ion pump and epilepsy 

The intracellular occupancy of non-essential cations shortens the time course of action 

potential generation and membrane repolarization, this increases the frequency of invalid 

action potential and induces epilepsy. 

In fact, the incidence of epilepsy in AD patients was more than 10 times higher than 

that in non-AD patients of the same age
[148]

, Nelson et al.  study
 [149]

 showed that aged 

plaques and neurofibrillary tangles also exist in temporal lobe epilepsy, the first 

description and nomenclature of amyloid plaques originated from epileptic patients. 

Palop et al.
[150]

 implanted human amyloid precursor protein (hAPP) gene into mouse 

brain, video EEG monitoring revealed frequent cusp waves and spike waves in the 

hippocampus and cortex of mice, especially in the brain where hAPP and beta are 

deposited. Intermittently，mice appear Simple partial seizures and Complex partial 

seizures associated with hippocampus . Scarmeas et al.
 [151]

 found that, AD is an 

independent risk factor for epilepsy, the incidence of epilepsy in AD patients is higher 

than that in the general population; A-matniek et al.
 [152] 

found that the younger patients 

with A D had epileptic seizures at the early stage of the course. Scharfman
 [153]

 found that, 

hippocampal sclerosis can lead to neuronal loss, but it has little effect on dentate gyrus 

neurons, it eventually leads to the number and function of excitatory neurons in this area 

being greater than that of inhibitory neurons, this disturbs the balance of electrical 



 

activity. Hall et al.
 [154]

 study found that, because the dendrites of hippocampal neurons 

are overexcited, they express excessive Aβ , this overexcitation of dendrites is related to 

the loss of Kv4.2. Levetiracetam, an antiepileptic drug, can prevent the loss of Kv4.2 

channel, In the treatment of AD patients with epilepsy, it is important to improve 

cognitive function
[154]

. 

3.3.2   Ion pump and cancer 

When the organism's tissue grows and renews itself, the cell must maintain its proper 

specific properties, occupy its proper position, and not invade where it should not go. 

Potential catastrophic failures occur when a cell violates its basic rules. 

The occurrence of cancer is such an accident: Ignoring the normal constraints of 

proliferation, invade other cell territory. Taking copper ion as an example, we set it as 

normal that intracellular copper ion is less than or equal to 10, if copper ions actually 

intrude 100, after four splits, it has fallen to normal level, it reduces the concentration of 

unnecessary cations, as long as the copper ion source is cut off in time, the tumors should 

be benign. Normal somatic cells divide about 50 times, normal people's physiological 

endurance is not able to adhere to it fission 50 times. During this period, if the following 

events occur, canceration will occur, that is, benign tumors become malignant tumors: 

first, potassium channels are destroyed by copper ions, for example, a Shaker mutant was 

produced, a large number of sodium ions flow into the cells through potassium channels 

to occupy the position of potassium, which seriously reduces the membrane potential; 

Second, invalid action potential was released at high frequency, and sodium-potassium 

pump excessive consumed energy released by ATP; Third, Copper ions invade the 

nucleus and change the DNA base sequence, resulting in unconstrained cell proliferation. 

Somatic cells are different from neurons, as highly specialized cells, mature central 

neurons no longer have the ability to divide and proliferate. 

Faced with such a situation, even if no excess copper ions can be detected in cancer 

cells, sodium ion will replace copper ion to occupy potassium position and continue to 

disturb, cells that continue to divide and proliferate compete with normal cells for energy 

and living space. Applying this point of view, it can also reasonably explain the 

"immortality" of HeLa cells, It may be caused by the damage of potassium channel 



 

caused by Shaker mutant, the alteration of DNA base sequence in cell nucleus and the 

position of sodium ion occupying potassium ion in culture medium
[105]

.  

In fact, external factors are responsible for only a small number of cancer mutations. In 

one's life, about 10
16

 cell divisions occur in the body, therefore, each individual gene may 

be mutated when more than 10
9
 cells divide. From this point of view, it seems that the 

problem of cancer is not why it happens, but why it happens less. In fact, cancer belongs 

to ion channel disease, as same as AD, PD, epilepsy and arrhythmia, cancer cells may not 

be evil in nature, it proliferates, invades and transfers in order to avoid cationic 

occupancy. It is a stress response that does not want to die, it's the N expression of the 

will to do good, but unfortunately we haven't listened carefully to its voice. 

3.4   Aβ protein, spots and plaques 

In 1984, Glenner and Wong
 [155]

 purified and isolated Aβ from senile plaques and 

interpreted its protein sequence. Normally, Aβ in the central nervous system is mainly 

produced by neurons, which are cleared by phagocytosis, enzymatic degradation and 

receptor transduction
[156]

. Later, it was found that activated astrocytes could also produce 

Aβ. In AD, activated astrocyte aggregates around senile plaques
 [157,158]

. 

Astrocytes can also uptake and internalize Aβ
[159-161]

 in the extracellular environment. 

For example, Aβ 
[162]

 can be detected in astrocytes in the brains of AD patients, astrocytes 

were cultured on brain slices of A D mice containing Aβ. It was found that astrocytes 

could bind to senile plaques and reduce the total content of Aβ in these slices
 [163,164]

. 

Astrocytes also secrete a variety of inflammatory factors, especially microglia, it is 

considered to be the only immune cell in the brain parenchyma
 [162]

. 

Our results support the view that Aβ is a normal product of APP metabolism in all 

nervous system cells, and that amyloid spots are the remains of abnormal apoptotic brain 

cells, amyloid plaque is the aggregation of amyloid spots by van der Waals force and 

electrostatic attraction. The interstitium is amyloid protein. Brain cells in turn contain 

neurons, microglia and astrocytes, the spotted nuclei of its remains are mostly cations, 

nucleus-free remains can be absorbed, digested and transported by glial cells, during this 

period, autophagy is also one of the cell's options for better survival. 

The formation of amyloid spots is similar to formation of pearls, the formation of 

amyloid plaques is similar to formation of corals also, corals are made up of numerous 



 

anthozoan remains. From this we infer that, normal people also have hundreds of millions 

of "spots" in their brains, like the stars in the night sky, shining with golden "light"( See 

Figure 6). 

 

Figure 6    Pearls and Corals 

The formation of amyloid spots is similar to formation of pearls, the pearls formed by foreign 

bodies such as sand intruding into the shell of mussel have nuclei, the pearls formed by pathological 

changes or injuries are seedless, AD amyloid spots can be absorbed by glial cells, For nucleated 

amyloid spots, glia may be powerless and sacrificed; The formation of amyloid plaques is similar to  

formation  of corals, corals are made up of numerous anthozoan remains. 

 

We also believe that, in the pathophysiological process of AD, Aβ deposition is a 

protective mechanism of organism, the release of inflammatory factors by microglia is a 

stress response to protect nerve tissue. Therefore, deliberate removal of such "spots" and 

"patches" may be of no practical significance or even worse. 

In the development of new drugs, a vaccine for removing amyloid plaques from brains 

of AD patients is very effective in removing plaques, but it does not prevent the 

deterioration of the nervous system caused by the disease. Vaccines can be reduced or 

even completely eliminated plaque, but the patient's symptoms have not been improved 

accordingly. Lawrence Steinman et al.
 [165]

 showed that although some amyloid fragments 

(including tau and prion) form fibers, these fibers can quickly alleviate neurodegenerative 

symptoms in mice, and in some cases Aβ is beneficialof. Clinical pathological studies 

have found that some people with extensive senile plaques in the brain have no dementia. 

 



 

3.5  Solutions to AD 

The core idea of this article is that the non-essential cation occupies the potassium 

position in the cell, which is the initial factor of AD. If so, the solution of AD should start 

with prevention and treatment, the external factor of prevention is environment, 

especially heavy metal ions, the internal cause is body acidity and alkalinity, proteins in 

acidic constitution cells are positively charged; Physical means, especially transcranial 

magnetoelectricity (weak magnetic field) stimulation, should be the first choice for its 

treatment, the optimal target is voltage-gated calcium channel, followed by the exocytosis 

of excess cations, Its aim is to fundamentally block the apoptotic process of neurons and 

activate neurotransmitters. Cations are highly sensitive to electromagnetic fields, for 

neurons that are transferred from excitation to inhibition, they can be reactivated again, 

conventional chemical methods will not do as well, Such diseases should be classified as 

Physiotherapy diseases. 

At present, the treatment of chemical means is mainly to treat amyloid plaque or 

inflammatory factors as a target, this may not be a wise choice, such as metal ion 

chelating agents, oligosaccharide inflammatory inhibitors, thiamine (vitamin B1), etc. Its 

actual effect will not be stronger than that of AD adjuvant drugs such as cholinesterase 

inhibitors and glutamate receptor antagonists. 

Metal ion chelating agents are a class of organic or inorganic compounds, which form 

stable water-soluble complexes by chelating metal ions
 [166-168]

, first of all, it is necessary 

to be able to pass the screening of blood-brain barrier, such as lipid-soluble small 

molecule compounds, secondly, the corresponding metal ions are required to have low 

affinity, otherwise they will destroy the ionic homeostasis and normal function of the 

body
 [169,170]

, at the same time, it should be non-toxic, efficient and easy to be discharged 

from the body
[171]

, these conditions are very harsh, at present, chloriodohydroxyquine 

(CQ)
 [172]

 is the most widely studied one, it has no effect on intracellular metal ions; 

Inflammatory inhibitors, is an inflammatory factor released by the immune response of 

microglia, as mentioned earlier, such inflammatory factors may be beneficial or harmless, 

if it must be inhibited, only non-steroidal anti-inflammatory drugs can be taken. 

Epidemiological data indicate that, long-term use of non-steroidal anti-inflammatory 

drugs can reduce the incidence of AD, the risk of disease was reduced by 60-80%. Non-



 

steroidal anti-inflammatory drugs can reduce the activity of microglia, for example, 

ibuprofen could significantly reduce the level of Aβ senile plaque and brain Aβ in 

Tg2576 mice
[14]

, similar results were obtained in APP mice treated with different non-

steroidal anti-inflammatory drugs; In addition, some people use oligosaccharides to hunt 

amyloid proteins to eliminate Aβ in the brain, some scholars have clearly pointed out that 

such "sugar pills" eat or not is the same. 

  In addition, some researchers have used ultrasound as a means to open the blood-brain 

barrier, consequently, the consequences are injury of innocent neurons and destruction of 

blood-brain barrier, that would be a big loss. Deep brain stimulation (DBS) and high 

intensity repetitive transcranial magnetic stimulation (rTMS) can damage the brain if not 

handled properly, its fault is not only a disaster for patients, but also a bad influence on 

the development of medical science, the highest principle of medicine is no harm, 

additional damage from treatment is not allowed 
[1]

. What is more needed is protection 

for neurons and blood-brain barriers, not all physical means can be used to treat 

encephalopathy. 

3.5.1   AD, PD clinical trial 

In our study group, 80 patients with mild to moderate AD underwent a double-center, 

randomized, double-blind, parallel, placebo-controlled 8-week clinical trial, there were 

40 cases in the treatment group and 40 cases in the control group, the test results show 

that: Transcranial magnetoelectric encephalopathy treatment instrument has good 

therapeutic effect for treatment mild to moderate alzheimer‘s disease. It can improve the 

mental state, cognitive behavior and self-care ability of daily life
[173,174]（See Table 1.）. 

In our study group, 22 patients with mild to moderate PD were observed for 20 days by 

double-center, randomized, double-blind and self-cross-control method, the results 

showed that the transcranial magnetic computerized therapy instrument could 

significantly improve the symptoms of resting tremor, stiffness and motor retardation in 

patients with PD, and it was safe to use
 [175,176]

 (see Table 2). 

The above conclusion data,  were approved by the State Drug Administration 

respectively. It also serves as part of the clinical basis for the certification and registration 

of Parkinson Therapeutic Instrument (2011) and Alzheimer Therapeutic Instrument 

(2014). 



 

Table 1 Differences of scales between treatment group and control group after 8 weeks  

of treatment (after treatment-before treatment) 

Scoring results (x + s, score), test statistics (t value) and P value group 

 Group    Number    MMSE         ADAS           CDR          ADL 

treatment group   40   1.58±1.53   -1.78±1.68   -0.14±0.32   1.63±3.47 

control group     40   0.28±1.45   -0.03±1.53   -0.04±0.17   0.00±3.00 

Test statistics             3.895        -4.812        -1.734        2.242 

P                0.0002      < 0.0001        0.0880       0.0278 

 

 

Table 2 Comparison of total effective rate and total effective rate in different 

 stages between two groups (PPS and FAS) 

Note: P1：Chi-square test of total apparent efficiency; P2：Chi-square test of total effective rate; P value：UP 

was the result of analysis 10 days after treatment, DOWN was the result of analysis 20 days after treatment. 

 

Table 3 Scores of seizure severity in rats pretreated with magnetoelectric 

 stimulation at different current intensities 

Group A Number 
Epilepsy seizure score Mean rank 

0 1 2 3 4 5  

A1(0%MCI) 8 0 0 0 0 3 5 26.190 

A2(25%MCI) 8 0 0 0 3 3 2 20.380 

A3(50%MCI) 8 0 2 4 1 1 0 7.750 

A4(75%MCI) 8 0 0 3 4 1 0 11.690 
H=19.992, P=0.000；MCI：Maximum current intensity.

Grouping 

analysis 10 days after treatment analysis 20 days after treatment 
P1  P2  

Number 
Total apparent 

efficiency 

total effective 

 rate 
Number 

  Total apparent 

efficiency 

total effective 

 rate 

Group A 11 45.45% 72.73% 11 36.36% 81.82% 0.0351 0.0010 

Group B 11 0.00 0.00 11 18.18% 45.45% 0.6351 0.1827 



 

 

 

3.5.2   Animal test of epileptic mice 

Our study group also discussed the curative effect of transcranial magnetic stimulation therapy 

on hyaluronic acid temporal lobe epilepsy mice
 [177-183]

. Sixty-two rats were randomly divided 

into pretreatment group (32 rats) and treatment group (30 rats) , The pretreatment group was 

further divided into four groups, and the treatment group was further divided into three groups, 

10 in each group, the stimulation was observed for 14 days， the changes of behaviour, 

electrophysiology and histology in three groups of rats were recorded and compared to evaluate 

the effect of transcranial magnetic stimulation therapy on epileptic rats. 

RESULTS AND CONCLUSION: 50% MCI was the best stimulus intensity. The frequency of 

mouse epileptic waves in epileptic stimulation group was significantly lower than that in non-

stimulation group[(30.210 ±4.580)/min vs.(31.380 ± 4.247)/min], the difference has statistical 

significance(t=3.235, P=0.001). Timm staining results showed that there were significant 

differences in staining scores among the three groups and has statistical significance, the Timm 

staining score in the dentate gyrus of hippocampus in the epileptic stimulation group was 

significantly lower than that in the non-epileptic stimulation group, the difference has statistical 

significance(P＜0.05). Transcranial magnetic stimulation therapy can affect the formation of 

dentate gyrus neuronal circuits by improving the histological changes of the molecular layer in 

the dentate gyrus of hippocampus in epileptic rats，to reduce the frequency of epileptic EEG 

seizures (see Table 3 and Figure 7, Figure 8). 

3.5.3   Accuracy of transcranial magnetic and electrical stimulation 

Combining the results of clinical trial of PD and AD, animal test of epileptic mice, our study 

believe that, transcranial magnetoelectricity stimulation mainly blocked the apoptotic process of 

neurons, its target is voltage-gated calcium channel, it activates neurotransmitter neurons, the 

addition of a specific pulsating electromagnetic field activates the metal cation-sharing 

transporter DMT1, it increases the chances of non-essential cations swinging out of neurons and 

eliminates inflammatory reactions. 

 

 



 

 

 

 

Figure 7 EEG manifestations of Wistar rats after transcranial magnetoelectric therapy 

A：control group；B：Non-stimulating epilepsy group；C：Epilepsy stimulation group；* Epileptic wave 

 

 

Figure 8 Timm staining of dentate gyrus of hippocampus after 14 days of 

transcranial magnetic stimulation in rats (100) 

A：control group；B：Non-stimulating epilepsy group；C：Epilepsy stimulation group；the black arrow 

shows colored zone. After 14 days of TMES treatment in epileptic rats, we evaluated the effect of TMES on 

MFS with Timm score. The results showed that there was no Timm staining band in the dentate gyrus of the 

hippocampus in the control group, while the inner molecular layer of the dentate gyrus of the hippocampus in 

the non-stimulating epilepsy group showed a black Timm staining band. The Timm staining of the inner 

molecular layer of the dentate gyrus of the hippocampus in the stimulating epilepsy group was significantly 

less than that in the non. 

 

We also analyse that, transcranial magnetic and electrical stimulation technology, the reason 

why transcranial magnetic stimulation can activate abnormal neurons accurately without 

disturbing normal neurons is that normal neurons need to release neurotransmitters to meet the 

following conditions: ①There are releasable neurotransmitters, and the generation of 

endogenous neurotransmitters requires process and time. ②Neurotransmitter loading into 

vesicles and vesicle transport need process and time. ③There should be calcium influx. The 



 

 

 

amount of calcium influx is closely related to the concentration of calcium ion in synaptic space. 

④It is necessary to maintain balance between excitation and inhibition of type II 

neurotransmitters in synaptic space
 [184-187]

. 

External pulsating electromagnetic field does "useless work" to normal neurons which do not 

meet the above conditions. For normal neurons which have already met the above conditions, 

even without the stimulation of external electromagnetic field, the action potential generated by 

itself will naturally activate voltage-gated calcium channel. 

4. Conclusion 

The core viewpoint of this paper can be regarded as exploring the etiology of sporadic AD, it 

is companion volume of Brain cell activation theory, Brain cell activation theory is an 

explanation of the treatment methods and mechanism of neurodegenerative diseases such as AD, 

it is suitable for encephalopathy but not limited to encephalopathy, the solution of AD should 

start with prevention and treatment, the external factor of prevention is environment, especially 

heavy metal ions, the internal cause is body acidity and alkalinity, physical means, especially 

transcranial magnetoelectricity stimulation, should be the first choice for treatment. 
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