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Abstract—Alzheimer’s disease (AD) is the most common type
of dementia that causes problems with memory, cognition and
behavior. Hence, it affects multiple brain functions. Symp-
toms usually develop gradually and worsen with time. AD is
driven by the production and deposition of the Amyloid βeta
plaques into the synaptic cleft. In this paper, we characterize
the physical channel of a molecular communication between
glutamate vesicles and AMPA receptors, as well as the effect
of increasing the number of Aβeta on this channel. In addition,
we introduce a new closed-loop system vision which leverages
such characterization to infer Aβeta concentration for fighting
AD while using serotonin which, as is widely accepted, can reduce
the production of Aβeta proteins.

I. INTRODUCTION

The risk of Alzheimer’s Disease (AD) and other types of
dementia increases with age. With time, memory problems be-
come more severe and additional symptoms develop including
problems with speech, language and losing oneself in familiar
places. There is no effective treatment for AD. Nonetheless,
the most common cure remains drug treatment which slows
the progression of the symptoms. This raises important issues
regarding the development and testing of future novel solutions
for treating of AD.

The hallmark of AD is plaque deposits of the Amyloid βeta
surrounding and adjacent to the synaptic cleft. Therefore, this
paper focuses on understanding and characterizing through
simulation the physical channel of a molecular communication
between glutamate vesicles and AMPA receptors, and there-
fore quantifying the communication channel by altering the
number of Aβeta which will impair the channel. To achieve
this, we base our study on the Diffusion-based Molecular
Communication (DMC) N3Sim simulator [1]. Finally, we
will introduce our future work which is based on a loop
control approach designed to eliminate Aβeta while using
serotonin which has been credited for reducing the production
of Aβeta proteins [2]. This approach uses a combination
of nanotechnology, serotonin and optogenetics. Optogenetics
refers to the integration of optics and genetics, consequently,
the neuron is targeted by using reagents which come from
nature (as bacteria, plants), hence, the targeted neuron is
controllable with light.
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Fig. 1: Considered Glutamatergic DMC synaptic channel with
AMPA receptors.

II. GLUTAMATERGIC SYNAPSES WITH AMPA RECEPTORS
MODEL

Fig. 1 shows the considered excitatory glutamatergic
synapses where the vesicle release diffuses glutamate neuro-
transmitter into the synapse and the AMPA receptors absorb
these neurotransmitters. Hence, we model the synaptic cleft as
a rectangular box with height Hs equal to 20 nm [3] and side
length Lp of 0.4 µm [4]. For simplicity, and as Fig. 1 shows,
the box-shaped structure encloses the pre- and post-synaptic
membranes of the glutamatergic synapses where we have one
vesicle release with fully absorbed AMPA receptors randomly
distributed.

The glutamate neurotransmitter will diffuse freely into the
synaptic cleft to reach the AMPA receptors where they bind.
By neglecting the interaction among the emitted molecules,
as well as the no flux boundary conditions where the neuro-
transmitters are reflected into the synaptic cleft, the distribution
function of the neurotransmitters at any given time is expressed
as follows [5],
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where Q denotes the number of molecules released, Df

represents the diffusion coefficient, Hs the distance of the
synaptic cleft, and t the time.
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Fig. 2: Effect of Aβeta on the AMPA receptors.

III. SIMULATION STUDY AND RESULTS

We base our study on the simulation framework N3Sim. The
simulation time is set to 80 µs, with a time-step of 0.1 µs.
We deploy one vesicle release with eighty randomly deployed
AMPA receptors, which corresponds to a receptor density of
500 receptors per µm2 (80/L2

p) [4]. The number of released
glutamate in one vesicle is equal to 3000 [6]. Additionally,
the diffusion coefficient (Df ) in the synaptic cleft is 0.33
µm2/ms [7]. The diameter of the Aβeta sphere is equal to
2.5 nm [8]. Finally, the number of simulation performed for
each case study is equal to 20 where the results presented are
the average of these simulations.
A. Effect of Aβeta on AMPA Receptors

Fig. 2 a) and b) displays the impact of Aβeta on the
molecules absorbed by AMPA receptors. Without Aβeta in
the synaptic cleft, the total molecules absorbed by AMPA
receptors is approximately equal to 2322 molecules. Yet, this
total number of molecules absorbed by AMPA receptors will
be approximately equal to 1549, 1260, and 1031 molecules
respectively for 10, 20, and 50 Aβetas.

Fig 2 b) shows that after the steady state the static de-
pendence of Aβetas concentration leads to the losses or
impairment in the channel. Hence, when Aβeta exists the total
number absorbed will start decreasing as the number of Aβeta
increases. The accumulation of Aβeta in the synaptic cleft
leads to a failure in communication between the pre- and post-
synaptic neuron. The total number of molecules absorbed by
AMPA receptors allows to measure the number of molecules
absorbed by Aβeta, hence, it allows an indirect measure of
Aβeta concentration, thereby allowing to propose a complete
sense-actuation closed-loop system.

IV. LOOP CONTROL APPROACH

Since the effect of the drug that fights AD diminishes with
time, our aim is to combine nanotechnology with optogenetics.
Fig. 2 b) shows a monotonic behavior, hence, a loop control
approach to regulate the concentration of serotonin doses
depending on the number of Aβetas existing in the synaptic
cleft can be explored. Fig. 3 presents the loop control approach
where first optogenetics technology is deployed to check the
total number of molecules absorbed by AMPA receptors. If
Aβetas exist the concentration of Aβetas should be computed
indirectly form the number of molecules absorbed by AMPA
receptors to know the number of serotonin that should be re-
leased. Finally, optogenetics is deployed to diffuse the number
of serotonin calculated before. By using this method we are

Fig. 3: Loop Control Approach.

able to reduce and, eventually, eliminate the toxic Aβeta from
the synaptic cleft.

V. CONCLUSION

The characterization of the physical channel of a molec-
ular communication between glutamate vesicles and AMPA
receptors shows that the aggregation of Aβeta proteins is an
indicative of the channel loss. In our future work, a thorough
analysis of the loop control approach will be presented, since
it can potentially guide to a novel solution for the treatment
of AD. ACKNOWLEDGMENT
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