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Abstract

In recent years, research in the field of pharmaceutical sciences has led to the design of drugs for
various diseases. But for the treatment of some diseases, drugs with high side effects and low
efficiency are used. Designing targeted drug release systems is one of the solutions to this problem.
These systems can deliver a controlled amount of drug to the target cell or tissue. In this paper, drug
release was simulated in a screw model designed in Comsol software for orthopedic applications. The
purpose of this simulation is to investigate the distribution of the drug concentration on the screw in
the surrounding chamber over time. To simulate drug release in a fluid, Navier-Stokes equations for
incompressible fluid are used for fluid velocity and pressure, as well as mass transfer equations for
the drug concentration distribution. A tetrahedral mesh is used for meshing the model. This simulation
is performed in a time-dependent manner for 72 hours with time steps of 0.1 hours. The equations
have been solved directly with the PARDISO solver. The obtained results show that drug distribution
changes exponentially. As can be seen, the first release of the drug was incremental to 50 hours, and
after the release amount, it reached a constant and maximum value.
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1. Introduction

Controlled drug release is a process used to ensure the controlled delivery of a drug to the required
areas of the body. When a drug is prescribed, the amount must be carefully calculated so that the body
can use it. The challenge of new drug treatments is to optimize drug effects and reduce drug toxicity.
By carefully controlling the amount or location of the drug in the body, side effects are reduced.
Today, investigations are constantly progressing to improve release control agents, so that they can
control drugs that have a rapid-release metabolism [1, 2]. In the development of drug delivery
systems, most attention has been paid to controlled or slow-release systems to achieve optimal
therapeutic effects. Additionally, many systems such as wearable and in combination with machine
learning are used for therapeutic effects [3-7].

The design of release systems is usually based on physicochemical properties and drug kinetics [8].
Often, for the drug to be effective in the body, a minimum amount of therapeutic consumption is
required. Because most of the conventional systems such as pills have a large amount of consumption
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and the result of their consumption can have adverse toxic effects. For the advanced design of systems
containing a certain amount of drug, different types of carrier materials have been developed to
release the required amount of drug in the desired place in the required time [8,9]. All drugs must
have some solubility in water. On the other hand, most of them must be lipophilic to penetrate the
biological membrane. In the pharmaceutical industry, cyclodextrins are mainly used as complex
forming agents to increase the solubility of drugs with low solubility and to increase the stability of
the drug.

The use of nanofibers in drug release systems is of interest to researchers due to the high surface-to-
volume ratio and the resulting advances in using them as scaffolds for cell growth and wound healing
[10]. Porous nanomaterials are a group of materials that, due to their high surface area and large pore
volume, are known as one of the important components for use in drug release systems [11]. Porous
materials are classified according to the international unit and according to the size of their holes. The
size of holes below 2 nm is called a micro-hole, the size of holes between 2 to 50 nm is called a
mesophile, and the size of holes larger than 50 nm is called a macro-hole [12]. Aerogels are synthetic
porous materials in which gas replaces the liquid components of the gel. Low density, porosity, and
high surface area are important characteristics of these materials [13]. Among all materials with a
stable structure that were investigated for drug release, silica materials with a specific structure and
surface properties were recognized as biocompatible [14]. For controlled release applications, silica
can store and gradually release drugs [15] and among the different methods of preparing nanofibers
[16-18], the electrospinning method provides a lot of flexibility in choosing materials for drug release
applications, so both of biodegradable and non-degradable materials are used for controlled release.
Nowadays, all kinds of drugs such as antibiotics [19], and anticancer agents [19, 20] can be placed
inside the electrospun scaffolds [R N A and D N A,] and proteins [21].

In this paper, drug release was simulated in a screw model designed in Comsol software for
orthopedic applications. To simulate drug release in a fluid, Navier-Stokes equations for
incompressible fluid are used for fluid velocity and pressure, as well as mass transfer equations for
the drug concentration distribution. This simulation is performed in a time-dependent manner for 72
hours with time steps of 0.1 hours. The obtained results show that for up to 50 hours, the first release
of the drug was incremental and after the release amount reached a constant and maximum value.

2. Material and Methods

2.1 Geometry
The geometry of the model was three-dimensional. The geometry of the screw is designed in
Solidworks software and after the design, it is entered into Comsol software. In Fig. 1, the map and
three-dimensional design of the screw can be seen. The geometry of the container is a cylinder with
a radius of 3 cm and a height of 2 cm. As seen in Fig. 2, 2 cm of the length of the screw is inside the
container and the rest is outside.
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Figure 2. Meshing the model in Comsol software

2.2 Equations

To simulate drug release in a fluid, Navier-Stokes equations for incompressible fluid are used for
fluid velocity and pressure, as well as mass transfer equations for the drug concentration distribution.
The Navier-Stokes equation is defined as Eq.1:

(u +u:0u)= 0+0O:T+f 1)

Where is density, u is velocity, t is time, T is shear stress and f is volume forces. The mass transfer
equation is also defined as Eq. 2:

Ci
T +0:(DOci) +u:0ci=0 2

69



Amirhossein Badami et al., Simulation of Drug Release in a Polymer Screw, pp.67-75

Where ci is the concentration and D is the diffusion coefficient. The continuity equation is also
defined as Eq.3.
Ow=0 3)

2.3 Initial and boundary conditions

The initial concentration inside the chamber is assumed to be zero while the initial concentration for
the screw is set to Cin. The speed and pressure of the fluid in the entire chamber were equal to zero.
No entrance or exit has been considered for the chamber and all the walls have been provided with
non-slip conditions and no concentration exchange has taken place.

2.4 Material specifications
The space around the screw in the chamber is considered water and the material of the screw is
considered polymer. Table 1 shows the specifications of the materials used in the simulation.

Table 1. Material specifications

Specifications Amount
water density 1 kg/m3
viscosity (u) 0.001 pa:s
Drug penetration coefficient in water (Dw) 3x10%cm?/s
Penetration coefficient of drug in polymer (Dy) 2.79x10%cm?/s
Porosity percentage (ep) 0.3
Initial concentration (Cj) 3.0342 mol/m3

2.5 Mesh

A tetrahedral mesh is used for meshing the model. The number of elements in this grid was 89058.
The outer part of the screw is not gridded because it is not used in modeling and physics. Fig. 2 shows
the form of the model with the grid.

2.6 Solution method

The current simulation is done in the space of Comsol software. This simulation has been done in a
time-dependent manner for 72 hours with time steps of 0.1 hours. The equations have been solved
directly with the PARDISO solver. The absolute error is considered equal to 0.1. The time required
for simulation will take about 15 minutes considering having a system with 32 GB of RAM.
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Figure 4. Concentration contours in the model

3. Results and discussion

3.1 Two-dimensional drug distribution

In Figure 3, the drug distribution can be seen on the middle page of the model. As can be seen, after
72 hours from the start of the release, the concentration is observed point by point. The red points are
the points that have the highest amount of drug and the blue points are the points that have the lowest
amount of drug.
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Time=72 h, dw=1E-14 m%/s Arrow Line: Total flux

Figure 5. Arrow line display

To better see the drug distribution process from the screw, the drug concentration contours for the
diffusion coefficient of E"** cm?/s are drawn in Fig. 4. Each of these lines represents a concentration
in the model. To check the distribution direction of the concentration inside the chamber, the arrow
line is drawn as shown in Figure 5.

3.2 Percentage of drug release

In this section, the amount of released drug has been calculated by dividing the total concentration by
the initial concentration using integration in the entire chamber. To check the effect of the drug
diffusion coefficient in water, this parameter is set as a variable. As can be seen in Figure 6, the way
of drug release is different in different penetration coefficients in this period. For example, at a higher
diffusion coefficient, the amount of drug release reached equilibrium, while at low diffusion
coefficients, the release process has not yet finished. After about 20 hours of the process time, the
percentage of drug release in the diffusion coefficient equal to E® cm?/s was about twice the model
with the diffusion coefficient of E*cm?/s.

72



Journal of Modern Processes in Manufacturing and Production, Volume 11, No. 4, Autumn 2022

L T T T T L T T
1t — = |
//—_
0.95F g -
0.9} -
0.85 -
0.8+ -
0.75 o
b |
o 0.7 F 4
o [
7]
< 065k 4
0.6 - | V4 —— dw=1E-14 m~2/s, release (1) | |
/ - dw=1E-13 m~2/s, release (1)
s / —— dw=1E-12 m~2/s, release (1) | |
- _/_,_-—-—'—’_’_’_’_’——_—‘ - = ~ —
0.5 — dw=1E-11 m~2/s, release (1)
0.45 - r/ — dw=1E-10 m~2/s, release (1) | |
dw=1E-9 m™2/s, release (1)
0.4F —— dw=1E-8 m~2/s, release (1) ||
0.35 - | 1 1 1 1 1 1 1 —
0 10 20 30 40 50 60 70
Time (h)

Figure 6. Calculation of drug release in the form of a graph

As it was earlier mentioned, a simulation of drug release in a polymer screw is investigated in this
paper. However, the attention of researchers has been attracted to various methods for drug loading
in nanofibers, such as coating [19], drug embedding [19], and drug encapsulation (coaxial
electrophoresis and emulsion) [19]. The main advantage of fibrous carriers is that the release of drugs
is performed by them into the body at a specific location. Also, more than one drug can be directly
inside the capsule fibers.

In another case of drug release [22], silk fibroin, as a natural polymer, is widely used in the form of
a suitable matrix in controlled drug release systems. Silk fibroin is a biocompatible polymer with
slow degradability that has excellent mechanical properties and process ability. In their research, a
cyclodextrin scaffold with molecular trapping capability was prepared from a new
B-nanofiber from silk fibroin containing cyclodextrin in the formic acid solvent, and the effect of
B-electrospinning of homogenous solutions of fibroin and the presence of cyclodextrin on the
properties of the produced nanofibers and the amount of drug release was investigated [22]. The
morphology, microscopic structure, chemical composition, and thermal behavior of this nanofibrous
scaffold composition were investigated by FTIR, SEM, and DSC. Their results of the images showed
that the nanofibers were prepared without grains and were uniform, and the average diameter of the
nanofibers was influenced by the mixture ratio so that the diameter of the fibers decreased with the
increase in the amount of S-cyclodextrin [22]. In another research, mesoporous magnesium silicate
was produced with the help of p123 non-ionic surfactant and by sol-gel method [23]. Magnesium
silicate was produced in an acidic environment and subjected to calcination at 550 degrees Celsius to
remove organic substances. This research aims to investigate the ability and application of controlled
loading and release of ibuprofen from mesoporous magnesium silicate composition. Also, the effect
of drug loading and release on surface properties such as surface area, pore size and volume, and pore
order were evaluated and mesoporous magnesium silicate can load and release ibuprofen and can be

used as a new drug delivery system [23].
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4. Conclusions

In this paper, drug release was performed in a screw model designed for orthopedic applications. The
purpose of this simulation is to investigate the distribution of the drug concentration on the screw in
the surrounding chamber over time. First, the screw is simulated in Comsol software, and then this
screw is placed in a cylindrical chamber with a radius of 3 cm and a height of 2 cm. The obtained
results show that initially, the amount of drug near the screw is extremely high, while this amount is
less in this area far from the screw. Over time, the amount of medicine around the screw decreases
and penetrates more into the chamber and finally reaches a maximum value and saturation.
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