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Abstract: In a perspective of biomedicine and informatics, the mechanism of Alzheimer’s, senile 
amnesia, or other aging-associated and cognitive impairment related diseases involve four important 
informative processing procedures: propagation, consolidation, retrieval and cognition, In this study, 
we systematically model the four procedures based on published experimental data. When modeling 
the propagation, we develop an equivalent circuit of biological membrane to describe how the neuron 
signals are propagated, attenuated, compensated, transferred, oscillated and filtered; and how wrong 
signals are related to the diseases. Our circuit involves complex admittances, resonance angular 
frequencies, propagating constants, active pump currents, transfer functions in frequency domain and 
memory functions in time domain. Our circuit explains recurrent of brain neurons and clinical EEG 
frequencies as well as represents an encoding of current or electric field intensity (EFI). When 
modeling the consolidation and the retrieval of long term memory (LTM), we emphasize the EFI 
consists of a non conservative electric field intensity (NCEFI) and a conservative electric field 
intensity (CEFI). It is mostly a NCEFI of acquired information to evoke an informative flow: from the 
inherited or mutant DNA to the transcribed RNA, from the transcribed RNA to the translated proteins. 
Some new synthesized proteins relate to the memory functions. The charges of the proteins and the 
memory functions mostly store the LTM and play an important role during the LTM retrieval. When 
modeling the cognition in working memory (WM), our model demonstrates: if a sum of two sets of 
EFI signals is enhanced positively (or negatively), at a sub-cellular level (especially at the axon 
hillock), the sum supports a positive (or negative) cognition; otherwise, the sum tends to be no 
cognition. A set of related brain neurons in WM work organically to vote, by EFI signal outputs 
through their axons, if they recognize or cognize an object. 
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INTRODUCTION 

       
 Alzheimer’s disease is an aging-related progressive 
neurodegenerative disorder[1]. It is the most common 
form of the dementia and it affects about 5% of adults 
over 65 years old[2]. The prevalence doubles 
approximately every 5 years beyond age 65[3]. Some 
study suggests that nearly half of the people aged 85 
years and older suffer from this devastating disorder[1,4]. 
 On November 3, 1906, Dr. Alzheimer reported his 
clinical and pathological findings, under the title of “On 
a peculiar disease process of the cerebral cortex”, at a 
conference in Tübingen. In his presentation, Dr. 
Alzheimer discussed cognitive and non-cognitive 
deficits of his famous patient Auguste D and reported 
that on post-mortem he found argyrophilic plaques, 
tangles and atherosclerotic changes in the patient’s 
brain[5, 6]. In 1910, the term of Alzheimer’s disease was 
firstly used to describe the disease that Auguste D  

had[6,7]. The syndromes of Alzheimer’s disease are 
disturbances of cognitive functions including memory, 
judgment, decision-making, orientation to physical 
surroundings and language[8]. The characteristic 
neuropathological hallmarks of Alzheimer’s disease are 
the extra cellular deposition of a 39-43 amino acid 
protein termed β–amyloid (or βA), in the 
cerebrovasculature (1) and cores of senile plaques (2), 
as well as the formation of paired helical filaments 
(PHFs) that comprise intracellular neurofibrillary 
tangles (NFTs) (3), neuropil threads and senile plaque 
neurites. The principle component of PHFs is an 
abnormally hyperphosphorylated form of the 
microtubule-associated protein tau (4). Other features 
of Alzheimer’s disease pathology include neuronal and 
synaptic fallout that disrupts neurotransmission to the 
neocortex, as well as excitatory amino acidergic 
pyramidal neurons[9]. 
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 It is now 101 years since nosological definition of 
Alzheimer’s disease emerged[10]. Amnestic mild 
cognitive impairment (MCI) is a relative newly defined 
clinical entity that requires memory decline while 
activities of daily living remain intact. Most Amnestic 
MCI patients develop Alzheimer’s disease[11]. In 
addition, evidence continues to accumulate that aging-
associated changes in several neuroendocrine system 
are involved in important but complex way in the 
pathophysiology of the late behavioral changes and 
disorders[12]. 
 In a perspective of biomedicine and informatics[13-

14], the mechanism of Alzheimer’s, senile amnesia, or 
other aging-associated and cognitive impairment related 
diseases involve four important informative processing 
procedures: propagation, consolidation, retrieval and 
cognition, In this study, we systematically model the 
four procedures based on published experimental data, 
at a level of molecule, cell and sub-organ. To our 
knowledge, there are not published models that are the 
same as or similar to ours. 
 

MATERIALS AND METHODS 
 
Modeling informative propagation of neuron 
membrane: Experimental data have confirmed, neuron 
channels quasi-periodically open and close, neuron 
voltage signals propagate by jumping and quasi 
frequency encoding along the axon membrane or by 
diffusing in the cellular plasma, active pumps cost 
biochemical energy to keep a balance of cellular ions 
concentration  and  a rest voltage across the 
membrane[15-16]. 
 There have been many electric circuit models of 
biological membrane based on both classic theory[15-16] 
and quantum mechanics[17-18], but no inductors, no 
tangential resistors and capacitors, nor active pumps 
have been included in the models. Additionally, there is 
not any model to completely describe how the neuron 
signals are propagated, attenuated, compensated, 
transferred, oscillated and filtered; and how the wrong 
signals are related to the diseases, in a view of 
biomedicine and informatics. Our model could 
overcome these shortcomings of the previous models. 
 Quasi periodical open and close of neuron ions 
channels cause a working angular frequency ω of 
electromagnetic signal across or along a neuron 
membrane. Figure 1 illustrates an equivalent circuit of a 
neuron membrane patch for our neural network model, 
based on published experimental data[16]. The size of a 
neuron membrane patch may be approximately that of a 
synapse or that of a length between two nodes of 
Ranvier on an axon Fig. 2. 

 When considering neuron signals propagate along 
an axon (or a dendrite) membrane at a time t Fig. 1, we 
assume a position i is in a z coordinate; an active pump 
current Ia,i(t) keeps a rest membrane voltage; a normal 
voltage Vn,i(t, z) applies to a resistor Rn,i and an 
inductor Ln,i or a capacitor Cn,i, the resistor and the 
inductor are varying depending on if the channels open 
or close; a tangential current It,i(t, z) flows through a 
resistor Rt,i and an inductor Lt,i or a capacitor Ct,i. 
Appling Kirchhoff’s law with boundary conditions, we 
can obtain, 
 

Ct,i Ct,i+1 

Cn,i Cn,i+1 
Rt,i+1  Lt,i+1 Rt,i     Lt,i 

Ia,i Ia,i+1 
Rn,i Rn,i+1 

Ln,i Ln,i+1 

 outside of a cell 
other subscripts: 
n: normal 
(perpendicular) to the 
membrane surface;  
t: tangential to the 
membrane surface;  
i: ith, position number. 
 

L, inductor: 
varying inductor: 
R, resistor: 
varying resistor: 
 
C, capacitor: 
I, current, direction is referenced: 
a, active pump:  

It,i  Vn,i 

inside of a cell

z 

It,i+1  Vn,i+1 

 
 
Fig. 1: An equivalent circuit of a neuron membrane 

patch in our neural network model. Published 
models do not have Ia,i, Ct,i, Rt,i, Lt,i, Ln,i. See 
neuron membrane patches in Fig. 2 

 
)()()exp()(),( ,,,, ωγ iniaiinin YtIztVztV +−=  (1) 

)(),(),( ,,, ωγ itiinit YztVztI −=  (2) 

Where, Vn,i (t) ∝ exp((-α-jω)t) based on experimental 
data[16], α is a temporal attenuation constant; we define 
Yn,i(ω) and ωn,i as a normal admittance and a normal 
resonance angular frequency respectively: 
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and we also respectively define Yt,i(ω) and ωt,i as a 
tangential admittance and a tangential resonance 
angular frequency that have the same forms as 
equations (3) and (4), but use subscript t instead of n. 
γi = (Yn,i(ω)/Yt,i(ω))1/2 is a propagating constant. 
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Fig. 2: A neuron for visual LTM is in medial or interior 

cortex. DNAs store inherited (or mutant) 
information, mRNAs store transcribed 
information and proteins (e.g. F-actin, Arc) store 
acquired (translated) information, i.e. LTM. An 
equivalent circuit of a membrane patch is shown 
in Fig. 1. The draw is not in scale 

 
 When considering a membrane patch at a post 
synapse Fig. 2, we ignore tangential Ct,i, Lt,i, Rt,i and use 
only normal Cn,i Ln,i and Rn,i to construct an equivalent 
circuit, because the currents mostly penetrate the 
membrane rather than propagate along the 
membrane[16]. A normal transfer function Hn,i(ω) equals 
to a normal admittance Yn,i(ω). We believe the transfer 
function of a synapse relates to a memory unit, because 
it relates to a memory function in time domain[19]. 
 Equations from (1) to (4) could explain 
spontaneous electromagnetic oscillations, recurrent of 
brain neurons and clinical EEG frequencies as well as 
represent a frequency encoding[16], a filter effect and a 
wave informative propagation along neuron membrane. 
The spatial signal attenuation during the propagation is 
compensated by the channel currents of the next patch 
at position i+1 in z coordinate. 
 
Modeling informative consolidation and retrieval of 
long term memory (LTM): Environmentally acquired 
information must be consolidated or stored as LTM to 
be retrieved later. Published experimental data have 
suggested or confirmed that visual LTM is stored in the 

medial and interior temporal cortex neurons[20-21], a 
frequent stimulation with same signals may produce a 
long term potentiation (LTP) and a LTM consolidation 
is performed under a condition of LTP and involves 
new structures of brain neurons[22-23]. The new 
structures could be constructed with F-actins[24], 
activity-regulated cytoskeleton[25], RNAs and related 
proteins[26], AMPA-receptors[27] or Trk receptors[28]. 
Some significant biochemical models have developed 
to elucidate the mechanisms of process of LTP and 
LTM[20-21]. However, the questions what kind of force 
drives RNAs or proteins to move, where and how the 
LTM is consolidated and how the LTM is retrieved 
have not been answered in a perspective of biomedicine 
and informatics. Our model, based on the above 
experimental data, could answer the questions. 
 Our equation (2) also represents a current 
encoding. A current relates to a non conservative 
electric field intensity (NCEFI). Therefore, in a neuron 
body (see our model in Fig. 2, environmentally 
acquired information (signals) may be encoded into 
NCEFI by Ohm’s law, 

),(),(),( trtrJtrNCEFI
i

i σ∑=  (5)  

 Where, r is a position vector and t is a time 
parameter[14], Ji(r, t) is a vector of current density 
contributed directly or indirectly by ith synapse and 
relates to the propagating constants, the transfer (or 
memory) functions or the resonance frequencies of the 
neural network; and σ (r, t) is a conductivity of the 
cellular plasma. During a LTM consolidation, the 
NCEFI triggers the inherited (or mutant) information 
(DNA) and evokes a RNA transcription; and drives 
some existed RNA and negatively charged objects to 
the excited post synapses or drives the positively 
charged objects to the inhibited post synapses. The new 
transcribed RNA is repulsed out of the nucleus by the 
DNA[13] and then is driven to the excited post synapse 
mostly by the NCEFI. The protein (e.g. F-actin, Arc) 
translation around the excited post synapse occurs by 
guidance of the both existed and new transcribed RNA. 
Some of the new synthesized proteins may relate to the 
propagating constants, the transfer (or memory) 
functions or the resonance frequencies. The new 
translated proteins are usually charged. The charges and 
the memory functions mostly store the LTM. The 
charges have a conservative electric field intensity 
(CEFI(r, t))[14]. Applying Coulomb’s law, we estimated 
CEFI(r, t) with a convolution of a total charge 
distribution in cellular plasma[14]. A total electric field 
intensity (EFI) in a neuron body should be:  
 
EFI(r, t) = CEFI(r, t) + NCEFI(r, t) (6) 
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 We believe the EFI plays an important role to build 
and to retrieve the LTM. When the LTM is retrieved, a 
force of EFI may open channels at an axon hillock and 
output signals to other neurons if it is beyond a 
threshold value. A neuron is an informative processing 
unit. No mater how to retrieve or to trigger a neuron 
that stores LTM, the neuron will produce a signal 
output corresponding to its LTM. 
 
Modeling informative cognition in working memory 
(WM): Cognition or recognition is an informative 
process for both LTM and short term memory (STM). 
Published data have confirmed or suggested that a 
neuron for visual WM is in neocortex such as prefrontal 
cortex (PFC), perirhinal cortex, postrhinal cortex; the 
WM includes short-term representations of information 
that were recently experienced or retrieved from long-
term representations of sensory stimuli. The WM 
activates the same dorsolateral prefrontal cortex 
neurons that: (a) maintained recently perceived visual 
stimuli; and (b) retrieved visual stimuli from LTM[21]. 
But, to our knowledge, the question how neurons work 
in WM has not been answered in a view of biomedicine 
and informatics. Our model could answer this question. 
 We use equations (5) and (6) to calculate the EFI 
signals in WM neuron bodies for the cognition. A 
diagram (not shown) of our model for the cognition in 
WM is similar to Fig. 2 in principle. Based the 
published experimental data[20-21], our model 
demonstrates: if a sum of two sets of EFI signals 
(transmitted through synapses) is enhanced positively 
(or negatively), at a sub-cellular level (especially at the 
axon hillock), the sum supports a positive (or negative) 
cognition; otherwise, the sum tends to be no 
cognition[14]. One set of signals can be from the recently 
experienced while another set can be from the LTM; or 
the both sets can be either from the recently 
experienced or from the LTM. A set of related brain 
neurons in WM work organically to vote, by EFI signal 
outputs through their axons, if they recognize or 
cognize an object. 
 

RESULTS AND DISCUSSION 
 
 Based on our models, for patients who have 
Alzheimer’s, senile amnesia, or other aging-associated 
and cognitive impairment related diseases, there could 
be the defected resistors, inductors, capacitors, or the 
abnormal permitivity, conductivity, charge storages, 
because of wrong inherited or transcribed information 
(DNA or RNA), βA deposition, formation of PHFs (or 
NFTs), or damaged, degenerated, abnormally grown 
neurons. Therefore, the resonance frequencies, the 

memory functions or the propagating constants are 
unordinary, or the neuron informative propagation is 
broken or wrong functional, or the LTM is abnormal or 
nothing, or the WM has a poor or no cognition. 
 Our models in this study could also explain the 
mechanisms of other nerve system diseases, such as 
Parkinson’s, epilepsy, neurosis, neurasthenia and 
neuralgia, in a perspective of biomedicine and 
informatics. Error could happen when we calculate EFI 
and ignore minor magnetic effects[13-14]. 
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