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Theoretical Calculation for Removing Tau
Protein in Alzheimer Disease
Abstract
Alzheimer's disease (AD) is the most prevalent form of dementia, which affects
people older than 60 years and cause suffering for more than 44 million over the
world. Plaques formation is one of the first step in the treatment of this illness.
The elimination of the accumulation of these plaques by using the resonance
oscillation and heat production of ultrasound’s bubble can reduce the side
effect of the neurodegenerative disease. In this paper, the resonance frequency
is calculated precisely as a function of the required radius, which is the same as
the radius of the plaques in the brain. The results are in good agreement with
experimental data and just have a negligible percentage error, less than 0.67%.
These results can help in modeling accurate frequency for mechanical treatment
before in vivo treatment which can reduce the harmful side effects and other
healthy cells damage.
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Introduction
The Alzheimer disease was first described by Alois Alzheimer
[1]. This illness is processed by formation of the plaques in the
brain of the patient [2,3]. Many various methods have been
presented for treating this disease. In spite of the big effort in
understanding this illness, few effective treatments and cures
had been reported [2]. The recent proposals for solving this
problem is not only a biological method, but also it takes its way
to physics. One of the most important dilemmas that has been
faced is the impermeability of the Blood-Brain Barrier (BBB)
[4]. Recently, bubbles produced by focused ultrasound wave
bring new methods for applying safe, effective, noninvasive
and local penetration in the brain. These bubbles contribute
in drug delivery and removing the plaques [5]. The formation
of the aging plaques is the most crucial factor in appearing the
AD. These plaques form the concentration of Amyloid Beta (Aβ)
Peptide [6]. Destructive cooperation of these plaques starts from
the Hippocampus that is responsible to form memories, [7,8] as
a consequence the loss of temporary memory will be the first
sign of this disease. After that, the mutated proteins will attack
the other parts of the brain increasingly leading to a specific
alteration of the disease process. The effect of these proteins
is related to the location of their gathering place in the brain,
for example if the proteins are accumulated in the front part of
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the brain, the proteins will annihilate logical thinking ability and
then the feeling control part which cause an extreme alteration
in temperament of the patient, while the accumulations on the
upper part can cause illusion and paranoia. If the plaques reach
to the back of the brain, they remove the deepest memories of
the patient forever. The main reason of neural string contortion
in the AD is Tau protein. Brain neural cells have passages network
that carries molecules supply. In conditional mode, Tau protein’s
role is to make sure this passage works properly, but in the of
AD, Tau proteins will be trapped in the contortion strings and the
passages will collapse. Consequently, scientists declare that AD is
caused by deposition of Aβ in plaques in brain tissue as shown in
Figure 1.
Finding a harmless way for opening the strings is essential. One
of these ways is applying ultrasound waves. Ultrasound waves are
used for scanning inside the body, by using this high frequency
sonic waves physician are able to create images of various part
inside the body which is very helpful detecting diseases inside
the human body, and actually they may help in the treatment of
Alzheimer's disease [9]. However, the main problem is that a thin
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shield of cells, called Blood Brain Barrier (BBB), protects the brain
and it is very difficult to be crossed by things like therapeutics
or helpful antibodies. Recent studies showed that focused sound
waves open the blood-brain barriers and allow the delivery of
drugs to the damaged cells in order to achieve again a normal
function of brain cells [10]. Since this method has been the only
way to produce reversible BBB disruption without brain tissue
damage, it has been extensively investigated by several research
groups.

based on bubble formation, and then these mechanical effects
are considered. Moreover, the effect of the pressure on resonance
frequency has been investigated in order to achieve more
accurate results. This model helps in treating the diseases with
the less side effect and calculate the more convenient frequency
to deal with the situation. This paper focus on the experimental
study accomplished by Leinenga [19] and coworkers to obtain
an accurate theoretical model that it based on their work. Our
calculation is about a bubble model surrounded by liquid.

Focused ultrasound waves have the ability to destruct precisely,
a predetermined volume of a chosen tissue without affecting
to other surrounding tissues [11]. This technique is improved
in recent decades to increase the precision and reduce the
side effects [12]. The ablation with ultrasound and enhancing
ultrasound heating effect are important applications of ultrasound
treatment [13,14]. This method generates cavitation for heating
to match the cavitation clouds with the heating patterns for
treatment [15] especially for brain disease and neurological
purpose [16,17].

Models and Equations

Combining ultrasound with harmless microscopic bubbles, as
ultrasound contrast agents, could be an effective detecting
technique. In addition, the sound waves cause the bubble to
vibrate and expand, which cause friction then explosion that lead
to mechanical impact on the surrounding [18]. The increasing
temperature generated in the ambient due to the friction affects
the cell membrane and the Tau proteins, which can lead to
destroy them.

Minnaert M showed that the bubbles formed when air escapes
from an orifice within a flu would give sound by pulsation,
because each pulse makes a small cavity in the water that it
makes a sound when closed [23,24]. In this model, the rigid walls
of the bubbles act as a resonator. Therefore, it has a frequency
and it has been determined as:
f =

1

3γ P

2π a

ρ

			

(1)

Where a is the bubble radius, P is the ambient pressure, γ is an
adiabatic index for water and ρ is the density of the ambient [24].
The experimental data for bubble-lipid shell and Tau protein have
been obtained from Leinenga and co-workers work [19]. In this
study, we considered 4 μm for bubble radius, 1.3 for adiabatic
index in 1 atm pressure, 1.35 g/cm3 for density. By replacing these
values in equation (1) we can obtain that the accurate frequency:

The purpose of this work is to understand the mechanical effect
=
f 0.676 × 106 Hz
of ultrasound reacting with the surrounding and to investigate
its appropriate frequency [19] by modeling and mathematics, which is very close to the experimental data that was reported
because it is the way for better illustration of the methods before as 0.7 MHz. The relative error percentage for this calculation is
treatments. Physical characteristics of biological tissue enforce about 0.13%.
bubble formation during the propagation of ultrasound wave,
For more accurate investigation another formula is considered,
this case can also be studied by modeling and simulation [20-22].
which is one of the best methods for describing the ultrasonic
Because of the bubbly shape of these proteins, this model is waves in liquid compressibility, this formula was presented by

Figure 1 (a) Brain’s cells in the normal case and (b) Shows the accumulation of protein between these cells which decrease the connections
between these cells and affect their function.
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Figure 2 Creation of a bubble that surround the protein’s accumulation using an incident ultra sound wave, and the two possible cases
that can take place: Vibration or explosion.

Keller [25]. This study focuses on Taus proteins, which belongs to
a group of Microtubules-Associated proteins. For modeling in this
situation disc-shaped treatment of Aβ folding is considered [26].
In order to apply ultrasound treatments, micro bubbles must
be developed. These bubbles are gas trapped in a lipid shell.
The bubble will contract at the frequency of the propagating
acoustic wave when it passes through the tissue that exposed
to ultrasound, because of the cyclic pressure radiation.
Consequently, the bubble will start to oscillate and forces the
surrounding fluid to flow, where the force of the spreading wave is
radial. When the bubble oscillation amplitude becomes so large,
and after exceeding a specific threshold, the bubble will collapse
due to the stress applied by the surrounding fluid, consequently
a shock wave will propagate at supersonic speed radially from the
collapsed site which lead to the production of high temperature
and the increase of pressure dramatically.
The frequency of the incident ultrasound wave creates a bubble
that has the same dimension of protein’s accumulation and at the
same time it causes a resonance vibration of the created bubble.
This vibration lead to increase the temperature due to friction
which leads to damage the Aβ protein. On the other hand, the
bubble can collapse under effect of the shock wave introduced
by the ultrasound wave which lead to a mechanical impact and
consequently the explosion of the accumulation (Figure 2).
The acoustic field pressure equation (2) at the location of the
bubble will be considered as a sinusoidal function. P(t) is the
ultrasound pressure driving modeled as a spatially homogeneous
standing sound wave with sinusoidal function:
P (t ) = Pa cos(ωd t )

			

(2)

Where pa is the pressure amplitude that is about 1 to 10 atm and
ωd is the driving angular frequency. Recent works have shown
that many features of the bubbles can be expressed within a
hydrodynamic approach [27], especially the bubbles stability
dependence on experimental parameters. Furthermore, the
© Under License of Creative Commons Attribution 3.0 License

analysis of bubble wall dynamics gives many important properties.
These dynamics are conventionally described by the RayleighPlesset equation. A lot of improvement had been presented for
the modeling of the spherical domain walls dynamics in liquids,
after Lord Rayleigh modeled the collapse of an empty cavity in
a liquid. Plesset presented the main step. This step declares the
expression of a variable external driving pressure and the effect
of surface tension on the bubble dynamics (1949).
Navier-Stokes equations are utilized for the bubble radius
calculation with ordinary differential equation (ODE) [28]:
3 2 1
R d
R 2σ
RR +=
R
[ P( R, t ) − P(t ) − P0 ] +
[P(R, t) − P(t)] − 4υ −
2
ρ
ρ wCw dt
R ρw R

(3)

where P(R,t) is the pressure on the liquid side of the interface, P(t)
is the imposed acoustic ﬁeld pressure evaluated at the location of
the bubble, P0 is the static ambient pressure, R is the speed of the
bubble wall, Cw is the sound speed of the liquid and ρ w is the lipid
density, in this case the surface tension, σ, will take the value of
1.35 g/cm2 [29].
The bubble moves slowly with respect to the sound velocity in the
gas. The pressure in the gas, throughout the bubble, is uniform.
In this case the pressure depends on the bubble volume and the
heat transfer across the bubble wall which is produced by friction
due to the bubble oscillation [30]. The calculation of the pressure
across and near the bubble wall can be given by adopting this
relation as a simpliﬁed model:

P( R, t=
) (P0 +

2σ R03 − h3
)(
)
R0 R 3 − h3

(4)

Which is assumed to obey van der Waals type process equation,
where R0 being the ambient bubble radius, h is the hard-core van
der Waals radius and P0 is 1 atm [31]. It is necessary to mention
that Equation (4) presupposes homogeneity of the pressure
inside the bubble. “h” is given by the following relation.

h=

R0
8.54

		

(5)
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Since the velocity of sound in water is high, the differential part
Pa

cos(ωa t )
x + 2γ x + ω0 2 x =
of the Rayleigh-Plesset equation can be disregarded. And since
2
ρ
R
3
3
3
0
the radius is large, R  h , the excluded volume h can be
neglected in the Van Der Waals formula, therefore Equation (2)
can be replaced by the ideal gas law under isothermal conditions. Where γ = 2ʋ/R02 is the damping factor for the lipid shells.
Considering the resonance condition, the bubble radius will reach
its maximum value. Therefore, we can consider that R (t) =R0 (1+x(t))
1 
2σ 
and by replacing it in equation (3) the resonance frequency can
ω0
3kP0 + (3k − 1)
=
 		
2 
be obtained. The conventional elastic pendulum model had been
ρ R0 
R0 
used in this equation where the oscillations take place along the
X direction.
k

3
1 
2σ   R03 − h3 
2
+
R0 (1 + x) 
x + R0 2 x=
P
 0

 − Pa cos(ωa t ) − P0 
3
2
ρ 
R0   R



(11)

(12)

ω0 = 0.749MHz

2

−4υ

2σ
x
−
1 + x ρ w R0 (1 + x)

(6)

ωres =

Equation (6) is rewritten as below:
k


x2
3 
1
2σ   R03 − h3 

x=
=
 P0 +

 pa cos(ωa t ) − P0 
2
3
2 (1 + x) ρ R0 (1 + x) 
R0   R

 (7)

−4υ

2σ
x
−
R0 2 (1 + x) 2 ρ w R03 (1 + x) 2

As mentioned before R3»H3, so we take R 3 - h 3 ≅ R 03 and Equation
(7) could be rewritten as:

x

k
 3 x 2

1
2σ   R03 − h3 
 P0 +

 pa cos(ωa t ) − P0  −
3
ρ R0 (1 + x) 
2 (1 + x)
R0   R


2

2σ
x
−4υ 2
−
R0 (1 + x) 2 ρ w R03 (1 + x) 2

(8)

(9)

Furthermore, all used equations are for standing waves created
in finite volume. The initial value of bubble radius is assumed to
be between 1 and 5 μm and the sound speed in water is 1481
m/s [32].
By integrating Equation (9) with respect to time, the velocity of
the walls is obtained:
=
V


1 
2σ   −1 
2σ
−3k

 P0 +
   (1 + x) + ( pa cos(ωa t ) + P0 )( In(1 + x)) −
R0   3k 
ρ w R0 (1 + x)  (10)

ρ R0 2 

For x=0 and Pa =0, and by eliminating all the squared x and its
derivatives terms in equation (9).

4

ω0 2 − 2γ 2 =

1 
3σ  8υ 2
3
kP
+
(3
k
+
1)
(13)

−
0
ρ R0 2 
R0  R0 4

ωres = 0.744MHz
Therefore, the error percent would be:

ω0 − ωres
= 0.67%
ω0
This result shows good agreement with experimental data for
Alzheimer treatment which has been obtained by Leinenga and
his coworker [19]. In addition, the prediction of conditions for
other cases and applications will be used before an operation and
surgery. Therefore, these calculations are useful for physicians
and scientist who involve with similar cases for removing protein's
disorder.

Conclusion

Therefore, the following equation can be obtained:
 3 x 2

1
2σ 
−3k

x
 P0 +
 (1 + x) − pa cos(ωa t ) − P0  −
2
ρ R0 (1 + x) 
R0 
 2 (1 + x)
x
2σ
−4υ 2
−
R0 (1 + x) 2 ρ w R03 (1 + x) 2

With R0 = 4 × 10-6 (unit) and k=1.3 (unit) and the resonance
frequency by regarding damping factor would be:

In this work, a model was expanded to predict the accurate
frequency for the predetermined radius and the convenient
frequency of ultrasound bubble for the treatment of the Alzheimer
disease. These bubbles can help in removing the Amyloid-Beta,
which aggregates in the brain and cause disorder intercellular
interaction. The obtained results are in good agreement with
experimental data and just have a negligible percentage error
that is less than 0.67%. This can bring a new calculation for
pretreatment of Alzheimer. The application of this frequency
model before in vivo treatment leads to reduce the harmful side
effects and other cell damage, because its mechanical effect
focuses only on the abnormal section in the brain.

Future scope
Safety issues of ultrasound is major challenges for the
ultrasound-based strategies translation for the neurological
diseases prevention and treatment by helping modeling and
predetermined pattern of treatment is the future purpose of this
work.
This article is available in: http://nanotechnology.imedpub.com/archive.php
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