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Abstract: Many diseases involve the ysregulation of acetylcholinesterase (ACHE) causing inappropriate 
production of the neurotransmitter acetylcholine (ACH). Study of how the ACH actually restores a life 
threatening neural circuitry damage will provide valuable information for study Alzhermer’s disease. An 
artificial neuronal device was developed with nanostructured biomimetic mutated ACHE gorge membrane on 
gold chips having memristor/memcapacitor’s characteristics, served as a model for damaged brain circuitry 
prosthesis, compared before and after ACH treatments, for in vitro evaluation of the memory restoration in the 
presence of Amyloid-beta (A) under the conditions of free from tracers and antibodies in NIST human serum. 
The results are presented in three categories in “Energy-Sensory” images. Before ACH treatments, images 
showed four stages of circuitry damages from non symptomatic to life threatening. After a 15 nM ACH 
treatment, the circuitry was restored due to the ACH removed Pathological High Frequency Oscillation (pHFO) 
center during Slow- Waving Sleeping (SWS). After the prosthesis increased hydrophobicity, the High 
Frequency Oscillation (HFO) was created. Results were compared between the recovered and the “normal 
brain”: 0.14 vs. 0.47 pJ/bit/µm3 for long-term and 14.0 vs.7.0 aJ/bit/µm3 for short-term memory restoration, 
respectively.  The ratio of Rmax/Rmin value is 6.3-fold higher after the treatment of ACH compared without the 
treatment in the presence of A and the reentry sensitivity increased by 613.8-fold. Copyright © 2015 IFSA 
Publishing, S. L. 
 
Keywords: Nanobiomimetic neuronal memcapacitor, Circadian rhythm, Reentrant-recursive, Spatial-temporal 
orientation, 3D energy-sensory reentrant map, Memory recovery, Acetylcholine (ACH). 
 
 
 
1. Introduction 

 

Many diseases are rooted with circadian rhythm 
(CR) dysfunction. The severe CR dysfunction leads 
to memory loss and a worsening of the quality of life. 

At least 40 million Americans each year suffer from 
chronic long term sleep problems [1]. Slow-wave 
sleep (SWS) is known to be closely associated with 
declarative memory consolidation at 0.1-4 Hz, and 
the electroencephalography (EEG) signal is stronger 
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for normal human sleep in SWS than in wakeful time 
[2-4]. However, the neurodegenerative brains have 
weak signals at SWS [2-4]. Researchers reported that 
abnormal amyloid- (A) concentrations in 
Alzheimer’s disease (AD) interfere with the 
neurotransmitter acetylcholine (ACH) and melatonin 
release and it reduced ACH level by 30% compared 
with a normal brain [5-6]. Our group developed a 
sensor that mimics acetylcholinesterase (ACHE) 
active sites in the ACHE gorge and was able to detect 
ACH in fM level compared with a “mutated ACHE 
neuronal gorge” sensor, whose 14 hydrophobic 
residue groups were knocked out [7]; A’s 
accumulation and neurofibrillary tangle were 
identified as major pathological biomarkers linked to 
Alzheimer’s disease (AD) [8-11]. Obviously, it 
would be beneficial if a sub pM A could be 
detectable without using enzyme-linked 
immunosorbent assays (ELISAs), because that has 
been associated with long assay time and high 
imprecision of about 20-30% CV% values as 
reported in literature [12]. Recently, our ACH 
sensors have demonstrated the capability for 
detection of sub pM A with imprecision values 
between 3.2 vs. 6.0 % for the chronoamperometry 
(CA) and double step chronopotentiometry (DSCPO) 
methods, respectively using fresh human capillary 
blood specimens spiked with A with recoveries of 
100.151.2 % and 98.61.1 % for the CA and the 
DSCPO method, respectively. By using spiked NIST 
SRM 965A human serum, the results of Detection of 
Limits (DOL) are 5.010-11M/cm2 vs.  
7.010-13 M/cm3 over the linear range at 0.04-151 nM 
vs. 3.8-471 nM,  for the CA and DSCPO method, 
respectively, while the methods were antibody-free 
and tracer-free [13]. Reports show the ACHE has 
been overly expressed in cancer and AD, and 
pharmaceutical companies developed drugs to inhibit 
the ACHE expressions in order to increase the level 
of ACH [14-15]. Therefore, the purpose of the 
research is to test the hypothesis that ACH may 
restore the broken hippocampus-neocortical neuronal 
circuitry by using a biomimetic ACHE gorge 
memcapacitor/memristor device in vitro during SWS. 
Our next goal is to verify the relationship between a 
normal high frequency oscillation (HFO) in 
hippocampus-neocortical neuronal circuitry and the 
Pathological High Frequency Oscillation (pHFO) 
after the ACH added into the A-spiked human 
serum communicates with our neuronal network 
device. A normal neural network circuitry constantly 
fires HFO in 80-200 Hz producing synchronization 
for long-term memory storage during SWS, where 
pHFO fires randomly leading to seizures and 
epilepsy (200-600 Hz) [16-18]. Results of our prior 
work using a mutated ACHE neural network device 
revealed the pHFO formation earlier than A 
presence in the serum due to the damaged ACHE 
cylinder linen, and it has difficulties to sense the 
energy change caused by A concentration change. 
At a late stage of AD, the A concentration is too 

high to sub µM and µM.  From our prior work, it 
revealed the A acted as an agent, not only changing 
the network circuitry conformation, but mutating the 
reentry synapse direction causing pHFO formation 
and synchronized with the formation for multiple 
epilepsy centers causing memory loss displayed 
through the Energy-Sensory dynamic map [19]. The 
scope of this research is focused on the ACH 
applications on the memristor/memcapacitor device 
before and after the presence of A and to verify the 
hypothesis that applying ACH at SWS might be the 
key step to repair A’s damage. 
 
 
2. Experimental 

 
2.1. Fabrication and Characterization of the 

Nanostructure Self-Assembling 
Membrane (SAM) Gold 
Memristor/Memcapacitor Chip 

 
The nanostructured biomimetic “Normal ACHE 

Gorge” memcapacitor 1 and the “Mutated” 
memcapacitor 2 with the flat bridged 
conformation/nanopore and the vertical 
bridged/nanopore membranes were freshly prepared 
and fabricated on gold chips, respectively. The 
preparation of the mixture solutions of dimethyl  
ß-cyclodextrin (mM-ß-DMCD), triacetyl-ß-
cyclodextrin (T-CD), polyethylene glycol diglycidyl 
ether (PEG) and poly(4-vinylpyridine) (PVP) with 
and without o-nitrophenyl acetate (o-NPA) were 
described in the literature [7, 13]. The morphology of 
the AU/SAM was characterized using an Atomic 
Force Microscope (AFM) (model Multimode 8 
ScanAsyst, Bruker, PA). Data collected in PeakForce 
Tapping Mode. Probes used were ScanAsyst-air 
probes (Bruker, PA) [7, 13]. Fig. 1 (a) and (b) is the 
AFM images with vertical bridge/nanopore 
conformation and Fig. 1(c) depicts a model of an 
artificial neocortex-hippocampus memcapacitor 
design. 

 
 

2.2. The Data Acquisitions 
 

Data Acquisitions were conducted by connecting 
the memcapacitor sensor chips with an 
electrochemical station (Epsilon, BASi, IN) with the 
BASi software package in the computer. The double 
step chronopotentiometry (DSCPO) method 
measurements were under 10 nA with data rate 
0.001 s at 0.25 Hz and 210-5s data rate over the 
frequency range of 40 Hz - 1 kHz. The cyclic 
voltammetry (CV) method measurements were at 
room temperature with the scan rate changed from  
1 to 1000 Hz for without A and with 38 µM A 
concentrations, respectively. In the presence of  
15 nM ACH and 38 µM A concentrations in serum, 
the CV data were recorded at a scan rate 1 Hz. 
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(a) (b) (c) 
 

Fig. 1. (a, b) AFM images in vertical bridge/nanopore structure, (c) Art model of the mutated neuron device. 
 
 

Because the mutated neural device is unable to 
sense the energy change caused by a change in A 
concentration as shown in following section, hence 
the four stages of epilepsy or AD progresses 
conditions were designed as following: 

Table 1 drafted a blue print to step-by-step 
gradually reveal the factors that may induce the 
pHFO and lead to AD or epilepsy. The main factors 

are of sensory (cross-point, DET) locations, brain 
discharge pulse energy, A and frequency. By this 
plan we attempted to study how the A influences 
the numbers of pHFO either increase or decrease vs. 
frequency change and eventually it lead to epilepsy 
centers to occur in hippocampus. 

 
 

Table 1. The Flow Chart of Hunting for pHFO at the mutated ACHE gorge memcapacitor with or w/oA. 
 

No. 
CP* 
SWS 

CP* 
10-300 Hz 

D* 
SWS 

D* 
10-300 Hz 

S* with 
A 

S* 
A 

P* 
 

P* 
 

P* 
A 

P* 
A 

     Y N Y N Y N 
0 1 1 1 1  X  x  N/A 
1 1 1 1 1  x X   x 

2 1 1 1 1 1 Hz 
40-300 

Hz 
x  SWS 40, 300 Hz 

3 2 
2 (10 Hz) 
1 (40-300) 

2 
2 (10 Hz) 
1 (40-300) 

1 Hz 
10 Hz 

40-300 
Hz 

x  SWS 40, 300 Hz 

4A 
 

1 
2 (10, 40, 200, 

300 Hz 
1 (100) Hz 

2 
2 (10, 200, 300) 

Hz 
1 (40, 100) Hz 

1-300 
Hz 

 x  SWS 40, 300 Hz 

4B 1 
2(10,40,300) Hz 
1(100, 200) Hz 

2 
2 (10) Hz; 

1 (40-300) Hz 
1-300 

Hz 
 x  x  

 
CP*: number of cross-point; P* refers to pulse discharge over the entire frequencies? D*: number of DETred peaks; S*:  
number of Sensory. 38 µM A in NIST sera. Y: Yes; N: No. All ranges labeled as S* with A (yes, No) over the range  
1-300Hz unless specially marked. In the last two columns P* after A influence (yes, No) referes to the pulse discharge 
ranges over 0.25-300 Hz unless specially marked. 

 
 

2.3. Mapping A’s Energy-Sensory Image 
 

The Energy-Sensory Matrix. From the CV 
profiles constructed a Hippocampal-neocortical 
(HPC-NECOR) Biomimetic neural sensory motif 
matrix as a control. The “Sensory Biomarkers” 
components were defined: locations of Direct 
Electron Transfer (DET) peaks in mV (Y-axis), the 
Hysteresis switch point location in mV (X-axis) and 
Frequency in Hz (Z-axis). The real-time data 
obtained from the DSCPO method was converted to 
volumetric energy density, E = Cs· (V)2/23600, Cs: 
specific volumetric capacitance Cs= [-i·t/V]/L, Cs 
is in F/cm3 [20-21], the t is time change in second, 
V is voltage change in V. i is current in Amps, L is 
volume in cm3. The averaged data were obtained 

from triplicate runs for the voltage vs. time DSCPO 
method and then the raw data was converted to 
energy density data, after that the averaged energy 
density data were infused into the sensory matrix 
before A and compared with that of after A was 
spiked, and each matrix has a fixed A concentration. 
Origin 9.0 software was used for statistic analysis, 
mapping and image. 
 
 
2.4. Assessing ACH’s Repairing Function 
 

Evaluations of ACH’s restoration of neuronal 
network circuitry damage is in two-fold: first is to 
analyze the energy-sensory map and see the pHFO 
situation before and after ACH applied; second is to 
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calculate the sensitivity of the energy density per 
second change using the linear regression model at a 
38 µM A concentration against that without A 
over 0.25-250 Hz using DSCPO method. The ACH 
experiments were also run for triplicates. 

 
 

3. Results and Discussions 
 

3.1. The Memcapacitor’s Characteristics 
 

A total charge of a memcapacitor is a function of 
a state dependent of capacitance and the potential 
across it [23-24]. 

 

q(t) = C(f{x},V, t), V(t)   (1) 
 

where q(t) is the total charge on the capacitor, and C 
is the capacitance, f{x} is the state variables, V(t) is 
the potential across it. 

Special features of memcapacitors in negative and 
diverging capacitance received attention in the 
memristor/mamcapacitor society [23, 25]. Martinez-
Rincon’s group published an article emphasizing the 
utility of negative and diverging capacitance in 
computing: “The resulting memcapacitor exhibits not 
only hysteretic charge-voltage and capacitance-
voltage curves but also both negative and diverging 
capacitance within certain ranges of the field, due to 
its simplicity and unusual capacitance features. We 
expect it to find use in both analog and digital 
applications.” [25]. Our group developed the first 
nanomemcapcitor with negative and diverging 
capacitance made of non metal oxide materials and 
reached a superior performance in plasticity, 
elasticity, stability and high power and energy 
density without environmental pollution and current 
leaking [26-27]. The damaged ACHE cylinder shape 
gorge memristor/memcapacitor device has very low 
net voltage discharge magnitude in SWS compared at 
other frequencies indicating the CR dysfunction 
regardless with or without A over 0.25, 40 to  
250 Hz shown in Fig. 2. Our former work revealed 
that a “normal ACHE gorge” memcapacitor device 
has several magnitude higher voltage intensities at 
SWS than this device [19] and that indicates there is 
a lack of memory consolidation. Fig. 2 shows the 
device is not sensitive to energy change in the 
presence of A. A drags the energy toward a more 
negative field. In the middle panel of Fig. 2, the 
phase lag and change frequency occurred from 40 Hz 
to 160 Hz indicating the neural network synapse is 
abnormal. 

The memcapacitor’s characteristics of the 
mutated ACHE gorge neural device are depicted in 
Fig. 3 in comparison of the charge vs. frequency 
change and current density vs. frequency change of 
the DET peak over 1 to 500 Hz evaluated based on 
the results from the CV method presented in Fig. 7 
using NIST human sera with glucose level 2 (about 
70 mg/dL) without spiking A. The non linear charge 
change behaviors of the DETred peak vs. frequency 

change were observed, and it was agreed with the 
memcapacitors’ behavior in literature [23-25]. 

Fig. 4 further studied a mutated ACHE gorge 
“neuron” memcapacitor’s performance at 1 Hz 
(SWS) and 100 Hz in charge density vs. applied 
potential compared with the “normal ACHE gorge 
neuron” memcapacitor using NIST sera at 1 and  
100 Hz, respectively. The normal ACHE neuronal 
sensor has orders of magnitudes higher charge 
density at SWS frequency than it does at 100 Hz 
frequency shown in Fig. 4C vs. 4A that has an 
agreement with the normal human brain function, 
that the higher brain pulse discharge energy was 
associated at SWS frequency than at other 
frequencies in order to promote the long term 
declarative memory consolidation [7, 28-31]. It is 
well accepted fact reported by research groups that 
humans who lack quality SWS (Delta wave of  
0.1-4 Hz) most likely will suffer with many illnesses, 
such as diabetes mellitus, seizures (Epilepsy), 
Alzheimer’s, Parkinson’s, brain injury and autism  
[7, 28-31]. Normal SWS waves have the highest 
amplitude compared with all other brain waves, 
because during the deep stage 3 or 4 sleeping, brain 
conducts consolidation of declarative memory 
through hippocampus to neocortical networking axis 
[7, 28-31]. The key features are the DET sensory 
peaks having the higher signal intensity at SWS 
along with the cross-point locations at origin (0, 0) 
compared with the mutated ACHE neuronal sensor 
that has no DET peak at 1 Hz indicating the mutated 
brain severally lost memory function during SWS 
memory consolidation as shown in Fig. 4D. At 100 
Hz, the mutated sensor has a contrast trend compared 
with the normal brain sensor as shown in Fig. 4B, 
that the mutated sensor has an abnormal cross-point 
voltage location indicates that the reversible 
membrane potential might be compromised plus an 
abnormal DET peak at gamma frequency, that may 
initiate an induction center at SWS for forming 
pHFO [26,19]. Researchers discovered Alzheimer’s 
disease (AD) patients have lost the sense of smell due 
to A inhibition of olfactory bulb activity [32-34]. In 
our work, Fig. 4C demonstrated a normal ACHE 
linen gorge memcapacitor has high long term 
memory with the high sensory DET peak and a pass 
origin cross-point switch to fully support the 
reversible membrane potential compared with the 
mutated memcapacitor having the knock out 
hydrophobic groups that lost memory due to lack of 
DET sensory peak at SWS at the situation before 
spiking A. The flat bridge surface with nano porous 
AFM image structures of the normal ACHE neuron 
memcapacitor were reported in our former works  
[7, 35-36]. 

 
 

3.2. ACH Repairs Dysfunction CR 
 

ACH restoration of dysfunctional CR at SWS was 
demonstrated in Fig. 5 regardless of whether 
conditions are with or without A with the DSCPO 
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voltage sensing method. With ACH, the device 
discharges highest voltage at SWS compared to that 
at 40 and 250 Hz. All curves were averaged from 
triplicates runs. Electric synapse strength enhanced 

by orders of magnitude, it means the memory was 
restored. The inversed trend is reflected in Fig. 6 CV 
curves as we had expected. 
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Fig. 2. Depict the mutated ACHE memcapacitor’s voltage profiles using serum with 38 µM A (red line)  
and without A (black line) at 0.25, 40 and 250 Hz, for Fig. 2A Fig. 2B and Fig. 2C, respectively. 
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Fig. 3. Depicts the memcapacitor’s characteristics of charge vs. frequency (black square) and current density vs. 
frequency (blue circles) of DET peak before discharge pulses without spiking A using NIST human sera with certified  

level 2 glucose. 
 

0.8 0.6 0.4 0.2 0.0 -0.2 -0.4 -0.6 -0.8
-6

-4

-2

0

2

4

6

8

cross-point

C
ha

rg
e 

D
en

si
ty

 (
m

C
/c

m
2
)

C
ha

rg
e 

D
en

si
ty

 (
C

/c
m

2
)

A

0.8 0.6 0.4 0.2 0.0 -0.2 -0.4 -0.6 -0.8
-0.4

-0.2

0.0

0.2

0.4

 

B

cross-point DET
red

0.8 0.6 0.4 0.2 0.0 -0.2 -0.4 -0.6 -0.8
-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

0.8

1.0

DET
ox

DET
ox

cross-point

Au/:Mutated ACHE neuron"
memcapacitor in NIST sera
at 100 HZ

Au/:Normal ACHE neuron"
memcapacitor in NIST sera
at 100 HZ

AppE (V)AppE (V)

C Au/:Normal ACHE neuron"
memcapacitor in NIST sera
at 1HZ

cross-point

DET
red

DET
red

0.8 0.6 0.4 0.2 0.0 -0.2 -0.4 -0.6 -0.8
-0.4

-0.2

0.0

0.2

0.4

cross-point

Au/:Mutated ACHE neuron"
memcapacitor in NIST sera
at 1 HZ

 

 

D

 
 

Fig. 4. Depicts memcapacitor’s characteristics of charge density vs. applied potential curves of a “normal ACHE gorge” 
neuronal device (black curve A) compared with the “Mutated ACHE gorge” neuronal device (red curve B) in NIST level 2 
human sera without spiking A at 100 Hz and in 1 Hz as curve in Fig. 4C (black) and curve in Fig. 4D (red), respectively. 
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Fig. 5. Depicts ACH repairs dysfunction CR at SWS using the voltage sensing method. The blue line refers to serum only 
without A and no ACH; the red line refers to in the presence of 38 µM A and the black line refers to after a 15 nM ACH 

presence in the above A serum in 0.25 Hz (Top), 40 Hz (Bottom, L) and 250 Hz (Bottom, R). 
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Fig. 6. CV profiles with the same color labeling as in Fig. 5. 
 
 

3.3. The Memristor’s Characteristics 
 

Nanostructured Memristors are devices made of 
fine nanolayers that have the capability to mimic 
neuronal synapse with a characteristic of hysteresis 
loop of switch in bidirectional in the i-V curve [23, 
37-40]. Memristors have various resistance depend 
on the past states through which the system has 
evolved [25, 37-39]. A memristor is a semiconductor 
whose resistance varies as a function of flux and 
charge. This allows it to “remember” what has passed 
through the circuit. The hysteresis pinch loop is the 
characteristics [22-23]. 
 

I(t) = G(f{x},V, t) V(t),                       (2) 
 

where I is the current, that is the function of a non-
linear conductance G; V(t) is the voltage crossed on 
the device, t is the time and f{x} is the state variable 
[23]. The memristor’s characteristics hysteresis CV 
profiles are presented in Fig. 7 without spiking A 
over frequencies 1 Hz - 1 kHz as shown in Fig. 7 
against that of with A in Fig. 8. A unprecedentedly 
increased the current density on DETred peak at high 
frequency than that at low frequency compared 
without spiking A, that along with multiple cross-
points and multiple DET peaks initiation has 
provided an evidence to further confirm there may be 
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a circular current forming in the bipolar damaged or 
mutated cylinder ACHE gorge after the inner linen 
was intentionally knocked off. Because we 
hypothesized that the first place facing the attack and 
insult from various destroy forces causing diseases is 
at the bipolar ACHE gorge linen [2, 41].  Most 
significant movements of the DET peak towards the 
negative sink electric field were also observed in the 
magnitude around 0.6 V at 200 and 300 Hz, 
respectively; at lower frequency it reduced to 0.35 V 
at 40 Hz, indicates protein A indeed accelerates the 
toroid force in vertex spin to further sink the host 
energy [41]. It is the first time that we demonstrate 
A’s damage is far beyond a simple post chemical 
synapse can explain in an uncontrollable epilepsy 
episode. Our results are agreed with the clinical 
observations and possible hypothesis cited in 
literature [16]. 
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Fig. 7. CV profiles of the mutated ACHE memcapacitor 
without spiking A using human sera over scan frequencies 

1 to 1 kHz. 
 
 

3.4. Energy-Sensory Images 
 
3.4.1. “Mutated Neural Network” 

 
“Mutated Neural Network” prosthesis was used 

for study of the various stages of “epilepsy” 
development caused by A, because epilepsy activity 
associated with AD is a well known clinical symptom 
[30]. Four stages of AD or epilepsy are presented in  
8 groups of figures from Fig. 9 to Fig. 16. Each group 
consists of three panels of figures from A to B to C. 
The epilepsies are a spectrum of brain disorders 
impacted by or presented in a wide range of diseases, 
such as diabetes, cancer, traumatic brain injury, brain 
tube deficiency, Alzheimer’s, asthma, heart failure, 
Parkinson’s and depression. The degrees of severity 
are varying, and children who are younger than 18 

years old account for 16% of the 2.9 million active 
epilepsy patients in 2013 in the US.  
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Fig. 8. CV profiles with 38 µM A. 
 
 

There is an urgent unmet need to predict epilepsy 
in order to develop devices that are able to reliably 
predict and monitor seizures and help to avoid life-
threading episode. Our “mutated ACHE gorge” 
neural device is able to provide the first-hand 
information regarding the prognosis of epilepsy in 
different stages when the neural toxin occurrences, 
such as A in high concentration interacts with the 
mutated neural circuitry prosthesis in an electric 
field. Like a human brain, it would not function 
unless the sensories and motor neurons send and 
receive brain pulses. After we built the mutated 
neuronal mimicking device, then the sensory brain 
prosthesis was built by the CV data with only one 
cross-point and one DETred peak locations at each of 
the frequencies from 1 to 300 Hz without A; there 
was no brain synapse pulse discharged. Three 
categories of maps are presented in 3D Energy- 
Sensory map before energy infusion without A, as 
shown in Fig. 9A, there was no pHFO to be 
observed. Fig. 9B is the contour map, the Fig. 9C 
shows the original “damaged neuron” device optical 
image, and Figs. 9 present the AD or Epilepsy in 
“Stage Zero”. The epilepsy or AD “stage 1” sensory 
prosthesis was built by the CV data with only one 
cross-point and one DETred peak locations at each of 
the frequencies from 1 to 300 Hz without A; the 
brain pulse discharges energy values at 0.25, 40 and 
250Hz were infused in the matrix without A, and it 
was defined as “Stage One” for epilepsy and AD. It 
was presented in Fig. 10. The pHFO center can be 
seen in all three figures Figs. 10A, 10B and 10C after 
discharged pulses and without A. The network 
circuitry surface has more bended curvature than  
Fig. 9A, and the direction of the synapse flows 
against that of the original direction of the network 
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current flow and it was initiated by the brain 
spontaneous pulse discharge (energy infusion) at 
SWS, as shown in Fig. 10B with the pHFO shown as 
a dark mark in the contour map indicating an 
“Energy Sink Hole” exists, that has an agreement 
with the literature [42]; From our results, it implied 
that the AD’s initiation can be as early as the first 
post synapse communication between the brain 
discharge pulse upon the damaged neural ACHE 
gorge inner linen prosthsis. The potential epilepsy 
center created can be seen at the (0, 0) mV sensory 
origin (SO) in the optical image in Fig. 10C. It paved 
a road for reentrant of A at pHFO, and this 
nonsymptomatic stage was defined as “Stage One” 
for epilepsy or AD. 

The second stage was under the conditions: the 
neural network circuitry made by the sensory 
biomarker CV data from 40-300 Hz was without A, 
but the biomarker’s CV data at 1 Hz was with A, so 
it was same for the discharge energy pulses been 
influenced by A at 0.25 Hz, but pulses discharged at  
40 Hz and 250 Hz without A. It indicates A only 
invades the neocortex, not entered the hyppocampus. 
It was found an epilepsy center location was at the 
DET peak located at 0 mV and the cross-point 0 mV, 
and it was clearly self-synchronized with the brain 
network at the sensory location of the cross-point at 
420 mV and the DET location at 0 mV at 250 Hz 
with a small amount of A deposited, as shown in 
Fig. 11 for the symptomatic AD or epilepsy with 
short-term memory loss, and led to dysfunctional 
sensory. The circuitry current flow surface was more 
bended and the direction was anti original compared 
in Fig. 9A, and Fig. 11A has an identified reentrant 
spot, and the energy sinking hole was the pHFO spot 
labeled in Fig. 11B. The CA1 sector has been 
identified as an extremely vulnerable spot to 
traumatic insult; however the explicit mechanism is 
unknown according to literature [42-43]. Using the 
mutated ACHE gorge neural prosthesis, the 
vulnerable spot was identified and one epilepsy 
center was labeled in the contour map as well as in 
Fig. 11C in the light image. 

The third stage The discharge pulse energies 
infused in the matrix were under the similar 
conditions as in stage 2, but the sensory “prosthesis” 
matrix made from the CV data of sensory biomarkers 
used 2 cross-points and 2 DETred peaks at 1 and  
10 Hz, respectively according to the CV curves in 
Fig. 10. This means A is able to influence the 
formation of sensory biomarkers, hence the stage 3 
AD or epilepsy has increased pHFO centers with 
larger A depositions, therefore the prosthesis’s 
original light intensity was greatly reduced, which led 
to a deep darkened brain image with the light 
intensity reduced by more than 90%, it means the 
volume of the hippocampus brain was reduced by 
90% as shown in Fig. 12A, 12B and 12C. This stage 
is at the A deposition in neocortex, while the 
epilepsy is not dominate. A formed new sensory 

biomarkers, that is crucial in promoting AD towards 
worsening conditions. 

The “Epilepsy IV” is a “life threatening stage”. 
Stage 4A and 4B are in parallel situations. The key 
difference between stage 3 and 4A is the A 
impacted sensory biomarkers over the entire 1-300 
Hz for stage 4A, but stage 3 it only impacted at SWS 
and 10 Hz. The manner of discharge pulses are same 
as stage 3, see Table 1. The A’s accumulation in 
cortex is no longer a predominate factor, rather than 
transformed to the epilepsy as a dominate factor at 
hippocampus with an evidence of forming 4 epilepsy 
centers and multiple pHFO centers as shown in Fig. 
13B and Fig. 13C. A noteworthy event happened, 
that the 3 pHFOs were in alignment at cross-point 0 
mV and one of the pHFO was alignment at DET 0 
mV forming a channel that led to epilepsy 
synchronized over 40-300 Hz in the hippocampus. 
An “eye of tornado” in the center of the channel as a 
dark spot as seen due to the overheated epilepsy-
causing the edema of hippocampus, which is in 
agreement with the clinical acute epilepsy stage 
reported with hyppocampus edema and hyper-intense 
initially, then late atrophies [44] as shown in Fig. 
13B. Fig. 13A shows the circuitry surface 
conformation as a standing beast and the synapse 
current flow direction consists of three clockwise 
flow circles and one counter clock flow circle, and 
the flow circles in neocortex is perpendicular to that 
of the hippocampus that a “tornado” like force was in 
place bearing destruction capability, as a fire vertex 
that is spontaneous and difficult to put off [45-46]. 
We had identified this force as a toroid destruction 
force, and it may be caused by the inflammations 
occurred inside of the brain neuron –gut-microbiota 
axis [47-48] and reflected as the damaged ACHE 
gorge linen happened either in the blood brain barrier 
(BBB) or in the gut nerve blood barrier [49-50]. 
Alzheimer’s patients reportedly found the abnormal 
gut microbiota and damaged BBB [51-52]. ACHE 
regulates the brain neuron and the vagus nerve cells 
that communicate bidirectional with the brain and 
though the gut nerve cells to the gut microbiome [47-
48]. The end stage AD patients who suffer symptoms 
of epilepsy, involunteering mussel contraction have 
matched the stage 4A. Stage 4B is similar for the 
network sensory matrix as in Stage 4A, i.e., all 
sensory biomarkers’ CV data obtained with A over 
1-300 Hz; but the energy infused entered the matrix 
by pulse discharge through the entire range of 
frequencies was with A. Fig. 14A shows the 
synapse circuitry with two anti clockwise circles at 
point #1 to point #4, and point #4 to point #7 forming 
surfaces almost paralleled to the neocortex, however 
at the reentrant point of point #7 at 40 Hz as the 
reentrant point connected to a flow surface to #13 
which is perpendicular to the early formed circles. 
The synapse flows from 40 Hz at #7 to #13 at 300 Hz 
is in a manner of helix has given to the epilepsy a 
new level of fire vertex with the epilepsy center #1, 
#2 and #3 in 300 Hz in the hippocampus with severe 
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edema and the two more epilepsy centers are mobile 
in 100-200 Hz. It had an agreement with the clinical 
observations that the epilepsy hurts the hippocampus 
more severe than to hurt the neocortex [44] as shown 
in Fig. 14B and 14C. 
 
 

3.5.1. Assessing Restoration of a “Damaged 
Neuron” Circuitry by the Energy-
Sensory Images 

 

The early restoration of a damaged neural network 
circuitry was treated by applied 15 nM ACH at 
“Epilepsy or AD Stage 2” in NIST serum with spiked 
A had received positive results. The sensory matrix 
was modified:  at the stage 2 at 1 Hz, the NIST 
human serum containing 38 µM A was treated with 
a final concentration of 15 nM ACH; The only 
difference from at 1 Hz was that the 2 mM o-NPA 
was used to treat the above mentioned serum in order 
to enhance the hydrophobicity in the ACHE gorge 
cavity to (1) enhance the sensory sensitivity (2) to 
stop the vortex spinning at 10 and 40 Hz; at 100-300 
Hz no treatment, used NIST serum only; the 
discharge energy pulses: at 0.25 Hz and 40 Hz with 
ACH in the presence of A; at 250 Hz was pure 
serum. Fig. 15A showed the synapse current flow 
circuitry was again in a flat “8-shape” and the ACH 
presence at SWS had initiated a formation of HFO 
located at the origin (0, 0) mV and the bad pHFO 
dark spot was removed by the good HFO as shown in 
Fig. 15B of the contour map, so the neuron network 
circuitry integrity was restored shown as the light 
intensity increased and enlightened in Fig. 15C in the 
optical image. The key recovery was through the 
establishment of the hydrophobic linen at the 
reentrant gamma frequency (40 Hz had been 
identified is the weak spot in hyppocampus) and the 
ACH’s key merit is to imitate a right direction 
synapse flow and conformation change at SWS. 
However, at a late stage 4B, even treated with the 
same procedures, the completely restoration is not 
possible as seen in Fig. 16A, B and C. Even the HFO 
was created by the treatment procedures, and the 
brain image light intensity increased, but the numbers 
of the epilepsy centers did not completely erased, it 
still remains several of them. It is very difficult to 
have a meaningful restoration at this end stage. 

Fig. 9A, 9B and 9C in the first column from the 
left depict the “Mutated Neuron” device’ s energy-
sensory maps without A and before the neural 
network discharge a pulse. It has 1 cross-point and 1 
DET peak input for sensory over 1-300 Hz tested in 
NIST human sera; Fig. 10A, 10B and 10C in the 
second column in the left depict the images after the 
brain discharge pulse, still without A, under the 
sensory have the same 1 cross-point and 1 DET input 
as in Fig 9.  Fig. 11A, 11B and 11C in the third 
column from the left depict after the brain discharge 
pulses under the 1 DET and 1 cross-point over the 
entire range frequencies with 38 µM A only be able 
influence the sensory and discharge pulse at SWS, 

not in other frequencies.  The sole purpose is to see 
how the pHFO impact at SWS on the integrity of the 
circuitry. Fig. 12A, 12B and 12C in the last column 
depict after the brain discharge pulses under the 2 
DET and 2 cross-points over the frequencies see 
Table 1 for detail with 38 µM A influence on the 
sensory and pulse at SWS only for the purpose to see 
how much impact of the sensory numbers on the 
circuitry, while keep other conditions same as in Fig. 
11. Fig. 13A, 13B and 13C depict stage 4A as shown 
in Table 1. The major difference is the A influenced 
on all sensory frequencies compared with Fig. 12. 
Fig. 14A, 14B and 14C depict stage 4B as shown in 
Table 1. The A impacted the pulse discharge over 
all frequencies, that is different from stage 4A. Fig. 
15A, 15B and 15C depict the ACH restore the 
circuitry function as an early treatment in stage 2. 
Fig. 16A, 16B and 16C depict the late treatment 
using ACH on stage 4B. The x-axis is the cross-point 
location (mV); the y-axis is the DET peak location 
(mV) and the frequency (Hz) as Z. 

 
 

3.6. Quantitation of Re-entrant 
 
3.6.1. Symbol of Re-entrant 
 

Reentrant is self-reference, i.e., self pointed to it 
self [53-55], and its symbol is shown in Fig. 17. One 
of the neuronal safe guards to the cognitive function 
is the bidirectional invariant reentry neuronal 
network circuitry [53-55]. Many models were 
proposed to simulate the closed-loop circuitry’s 
reentry functions for neuronal network study  
[53, 56-57]. 
 

 
 

Fig. 17. Depicts a symbol of re-entrant [55]. 
 
 

3.6.1. Quantitation of Re-entrant 
 

The results of linear regression of the volumetric 
energy density vs. time for the information storage 
and retrieve sensitivity with the mutated ACHE 
device before and after ACH treatments are presented 
in Table 2. The 15 nM ACH applied in the 38 µM A 
produced an equation of y = -0.075 +9.89x, r =1.0 
Sy/x = 0.055, over 0.25-250 Hz, p<0.001, over the 
energy range from 39.5 µWHr/cm3 at 0.25 Hz to 
3.7610-3 µWHr/cm3 at 250 Hz. The memory at 
neocortex-hippocampus reached 30% of the strength 
of a healthy brain for the long-term memory [19].  
The last row shows the ratio of Rmax/Rmin value is 6.3-
fold higher after the treatment with ACH compared 
without the treatment in the presence of A and the 
reentry sensitivity increased by 613.8-fold that 
indicates the approaches well hit on the expected 
target.  
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Table 2. Information storage and retrieve sensitivity from linear least-square equation fittings  
between energy density vs. time (s) 

 

ACH 
nM 

A 
µM 

Slope 
Reentry Sensitivity 

(pJ/bit/µm3)/s 
r 

Top 
range 

Reentry 
pJ/bit/µm3 

Bottom range 
Reentry 

pJ/bit/µm3 

 

1Rmax/Rmin 

0 
0 
15 

0 
38 
38 

0.0002 
0.000058 
0.0356 

0.88 
0.78 
1.00 

0.00079 
0.00088 
0.1422 

4.010-7 
5.3010-7 
1.3510-5 

1,975 
1,660 

10,533.3 

                1refers to the ratio of top maximum information reentry vs. the bottom minimum range reentry.  
 
 

4. Conclusion 
 

ACH’s role for restoring the brain network 
circuitry at SWS by removing pHFO was 
demonstrated. The short- and long-term memory of 
the mutated neuronal memcapacitor has improved 
significantly using the new approaches mentioned 
above and the “epilepsy” was stopped. This 
technology may have a potential to monitor neuronal 
diseases. The pHFO was identified and characterized 
and its function in promoting epilepsy in four stages 
was demonstrated. 
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