
  

  

Abstract—In this study, a physical simulation using the MPS 
(Moving Particle Semi-implicit) method is applied to the 
analysis of the drug behavior. The conventional MPS method, 
however, cannot be applied to mesoscopic scale simulations, 
where the random force causing the Brownian motion and 
pulsation are dominant. Therefore, we propose a method that 
introduces the random force into the MPS method and the 
model considering pulsation. 
 

I. INTRODUCTION 

The mortality rate caused by the Rupture of an abdominal 
aortic aneurysm (AAA) is more than 90% [1]. The risk of the 
AAA rupture increases along the size of the aneurysm, and 
the aneurysm which size is larger than 55 [mm] in diameter 
needs surgical treatments. However, since 90% of the 
diagnosed AAA is less than 55 [mm] in diameter [2], medical 
therapies using drug delivery system (DDS) can reduce the 
mortality rate by suppressing the enlargement of the mass and 
can decrease the risk of the potential rupture.  

DDS needs the development of the micelle that 
encapsulates hydrophobic drugs in a hydrophilic outer shell, 
and the retention of the micelles in the aneurysm can inhibit 
AAA expansion in diameter. However, the mechanism by 
which the micelles are retained on the vessel wall is unknown 
and needs to be analyzed by simulations. In this paper, we 
report the micelle behavior in the AAA and the influence of 
pulsation by the simulation using our proposed method.  

II. METHODS   

F The Newtonian’s equation of motion is described as 
follows. 

 

 
 

where,  is velocity,  is time,  is density,  is pressure,  is 
kinematic viscosity,  is unit volume,  is  
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random force causing the Brownian motion,  is coefficient of 
friction,  is the Boltzmann constant, T is absolute 
temperature,  is random variable which follows a normal 
distribution,  is average of ,  is 
dispersion of , and  is the delta function.  

The variables are too small in the mesoscopic scale, and the 
range of the distance is  ～ [m]. Then, the 
dimensionless is needed to the variables in Eqs. (1), (2), and 
(3). The dimensionless equations can be described in the 
following. 

 
where,  is , T, U, P, and F are 
representative scale. These equations are introduced into the 
MPS method for the simulation. 

 

III. MODEL 

Fig.1 shows the images of abdomen. AAA has bigger 
holes and more complex structure than control. These are 
many collagens to prevent the progress of micelles and the 
pulsation makes the hole bigger. Thus we use the simulation 
model shown in Fig.2. 

IV. SIMULATION RESULTS  

ig.3 shows two simulation results with and without the 
pulsation. The micelle flew out with the pulsation, while it did 
not without it. Then, it has found that the pulsation has the 
influence for micelles to flow out.  
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