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Abstract
In this study magnetic nanoparticles serve as a carrier for delivering the drug to the target. Simulations
were done using COMSOL multi-physics and visual molecular dynamics software. In this study, with the
help of docking, the structure of buprenorphine with CYP2C8 and CYP3A4 complexes was modeled to
function as the main enzymes entering the human body (only model theoretical). The crystallographic
structure of the complexes is available in the protein database. Interaction of BUP with cell membrane
has been investigated in terms of Van der Waals energy and center of mass distance. Our results con�rm
the stability, appropriateness and low uptake of buprenorphine into the cell membrane. Computational
results also con�rmed the accuracy of laboratory studies. Due to its hydrophobic properties,
buprenorphine retains stability and low adsorption by the cell membranes. Consumption and
administration of buprenorphine can be much more effective and e�cient in the treatment of withdrawal
from modern drug delivery methods. The innovative feature of this project is the study of interactions
using molecular dynamics simulation methods and the behavior of these complexes in different
environments. Physiological simulations of the body for magnetic force and tensile force due to adhesion
were examined utilizing visual molecular dynamics and COMSOL software.

1. Introduction
For a few decades now, one of the biggest problems for young people is dealing with addictive
substances, which after a while, the body is able to quit and detoxify but only with great di�culty. In
some cases, the body will be ‘imprisoned’ by a person’s addiction for many years. According to some
studies, buprenorphine (BUP) is one of the most important drugs in the �eld of addiction that is approved
by the Food and Drug Administration authorities in the United States. BUP has been designated as the
reference drug for our calculations 1. The researchers examined the similarities and differences between
BUP and norBUP which have unique BUP drug speci�cations. Kelly et al. 2 studied the properties of metal
optical nanoparticles in terms of the effect of size, shape and dielectric environment. It has approximately
96% protein binding and is metabolized by CYP3A4 and CYP2C8. BUP is marketed under the brand name
Subutex. It is an opioid analgesic used to treat opioid disorders. Masoumi and Esmaeili 3 explained the
properties of cytochrome P450 enzymes in a new nanocarrier that incorporates BUP. A large proportion of
P450 enzymes are responsible for catalyzing the oxidation process of organic compounds. Hatorp et al. 4

explained that the enzyme CYP plays a major role in the metabolism of drugs. Niemi et al. 5 explained
clarithromycin cytochrome P4503A4 inhibitor increases in concentration. In this study, using speci�c
software calculations, the position and identi�cation of the main purpose of this drug with the desired
enzyme was investigated. This was done to show the best position and best connection to determine the
appropriate complex to detoxify and help patients. The software used in this research is VMD and
COMSOL software. Scheme 1 illustrates how COMSOL software can produce high quality videos and
�gures of different molecules in various types of cartoons, dots, surfaces, sticks and lines. Zimmerman 6

asserted that COMSOL software is currently one of the most widely used macromolecular visualization
tools. COMSOL software drug discovery function has been successfully applied to �nd new drug
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candidates for various purposes. In this paper, the focus of the software is simulated, the movements of
drug-carrying nanoparticles in the vessel, and due to the proximity of blood and water density, it is
selected to simplify the liquid-water environment. VMD and COMSOL software serve as a platform for
designing computational drugs, and identify the appropriate binding site. In order to prevent unwanted
side effects, the drug was deliberately transferred to healthy cells within the desired location. Among
these factors the strength of the magnetic �eld of the external magnetic �eld was examined. In the
meantime, accurate knowledge of this interaction can help in the treatment of behavioral and non-
behavioral diseases and disorders after quitting drugs.

2. Experimental Section

2.1. Synthesis of Fe3O4 NPs
1.99 g of FeCl2.4H2O and 5.41 g of FeCl3.6H2O with a molar ratio of 1: 2 were dissolved in 100 ml of
water in the presence of nitrogen. The resulting solution was stirred at room temperature for 30 min.
Sodium oleate surfactant was added to the solution. When the solution temperature reached 500°C, fresh
ammonium hydroxide solution (100 ml, 6.4 M) was added dropwise to the solution. During the process of
adding ammonia, the solution gradually changed color from orange to brown and then to charcoal,
indicating the formation of nanoparticles (Fe3O4). After the pH of the solution reached 11, the addition of
ammonia ceased. The solution was stirred for 30 min and subjected to N2 gas. Magnetite NPs were
washed by repeated centrifugation and re-dispersion cycling in deionized water and ethanol. The
nanoparticles were dried for 24 h at 40°C in an oven.

2.2. Preparation of BUP with ascorbic acid with Fe3O4 NPs
A load 0.5 g of NPs was added to 4 ml of ethanol and then placed inan ultrasonic bath for 30 min and
stirred for 24 h. 0.5 g of the NPs was mixed with 0.20 g of AA in 25 ml of buffer solution pH = 6.1 (6.4 ml
of 0.1 M sodium hydroxide solution and 50 ml of 0.1 M potassium phosphate dihydrogen solution). BUP
is unstable in an acidic or alkaline environment and decomposes. The glass stirrer was subjected to 500
rpm at 37°C. After 3 h, the solution was then allowed to cool. It was then rinsed with distilled water and
allowed to dry 7.

2.3. Coating by BUP modi�ed NPs with natural polymer
5 g of the drug-carrying NPs was stirred in 10 ml of NaCl to obtain a one-handed solution. The addition of
NaCl was intended to increase the ionic strength of the solution. 20 ml of ion sodium alginate solution (1
g of alginate was mixed in 99 ml of water and 1 ml of propanol for 2 h) was added to the subsequent
solution. This solution was stirred vigorously at 37°C for 1 h and then the solution was then washed
thoroughly 8.

2.4. Identi�cation and computational methods
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2.4.1. Investigation and study of molecular docking method
This research was performed computationally and analytically. MDM operations in order to predict the
new composition and accurately identify the connection mechanism of the MDM using new data
analysis software and 3D and 2D composition structures, were done to get the results. Its content was
analyzed 9. In this study, BUP was identi�ed as the reference compound. VMD software was used for the
MDM operations. 3D and crystalline structure of the enzyme along with the identi�cation code CYP3A4
(CYP2C8) was selected from the database of references. Then in Zinc 15 database (ZINC100373348) the
structure of the desired ligand and protein was identi�ed and plotted 10,11.

2.4.2. Editing and macromolecular visualization and
analysis of protein-ligand interactions (PLI)
Together with VMD software, it is possible to edit a macromolecule, including changing the angles of the
two sides, thus making a peptide. In VMD software a molecule was easily created from scratch. Real-time
minimization of energy by VMD is another useful case in this research 12. In this project, PLI interactions
are essential for almost all biological processes in living organisms. Ligand-mediated signal
transmission through molecular complement is essential for all life processes. Around a macromolecule
to facilitate presentation, the coloring of the residues due to their hydrophilicity creates a quasi-atom at
the center of the mass of selected atoms 13. Next to PLI the main purpose of this modeling is to examine
the fundamental interactions between ligands and speci�c receptors.

This is an important step in the discovery of modern drugs. PLI modeling includes protein homology
modeling ligand preparation protein preparation, and PLI binding 14. Crystal structures and homogeneous
models have defects when preparing protein. To obtain reliable and accurate computational results,
preparation of PLI is a mandatory step before any other MDM work that prepares the PLI in VMD.
Following ligand preparation in PLI-based modeling, all ligands were optimized before doing other
modeling tasks. Then we connect both of them. The purpose of PLI is to predict the position and
orientation of the ligand and bind to a speci�c receptor. PLI binding has been extensively investigated
and compared in optimization and guidance studies that looked at modern drug delivery 15. Finally, in
molecular simulation, the physical motions of atoms and molecules were analyzed.

2.5. Method of simulating the movements and magnetic
�eld of nanoparticles carrying drugs with COMSOL methods
In this research, the movements of NPs with magnetic properties in a magnetic �eld were simulated using
COMSOL software. Then an external magnetic �eld was de�ned and then the vessel was considered
cylindrical with a certain length and cross-section. The next step was to start de�ning a system utilizing
droplet delivery. The density close to water to the blood of the substance inside the vessel was chosen as
water and the surrounding air was chosen. By moving the drop along the membrane, the drug dissolved
in water. The �nal concentration was obtained by passing through the desired membrane and then by
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changing the droplet velocity. In the initial stage, the location of the membrane was deemed to be Z = 0.6
mm and Z = 0.8 mm. The next step was to determine the empty spaces where air existed with a density
of 1.25 kg m-3. The angle of contact of the drop with the wall was 1350, but in the permeable membrane
section it amounted to 157.50.

Then to consider was the inlet �ux of the drug within the droplet as 1 ×  10 - 3 mol m2 s-1) and the
coe�cient of penetration of the drug into the water led to changes in droplet velocity from 0.1-1mm s-1.
The vessel stage was 16 mm long and 2 mm in diameter 16,17. The drug particles penetrated through the
membrane into the droplet because of the speed at which the �uid was injected. The velocity of the blade
was fast until our convection occurred according to the velocity �ow. Then, the penetration coe�cient
gave a value and the determined value according to the desired drug and the characteristics of its
structure 18. The �ow line originated from the desired velocity. The velocity �ow lines emerged from the
point of entry of the drop and the point of exit of the drop in Figure 1.

3. Results And Discussion

3.1. Investigation of structure and function of identi�ed
proteins
Cytochrome P450 3A4 bound to an inhibitor with 4 D7D/1PQ2 crystal structure of human (only model
theoretical) drug metabolizing cytochrome P450 2C8 in interaction with BUP receptor, is a minor agonist
in opioid receptor and antagonist in kappa-opioid receptor. Samuels et al. 19 made comparisons in their
work to con�rm the structure. Aquaporin is a group of membrane proteins and it acts as water channel
and usually transports water at a speed comparable to the free in�ltration of water. The target in this
study depends on the structure. It shows the two sides of the protein. Q=1 is a perfect match to the
molecular structure. When Q indicates a small value, then it is evident that the structures do not �t well
together. Figure 1 shows that if there was no match, then more red colors would be seen. Some parts of
the concave lines in the �gure are also red. Denker et al. 20 examined the VMD molecules which
demonstrated more or less similarities. The outcome of comparing two different types of proteins by
VMD revealed that the molecules are structurally similar and the intermembrane helix parts are also
similar to each other. The use of different tools in the software shows that the two molecules are
structurally similar.

3.2. Investigation of simulated results with COMSOL
software
In order to evaluate the simulation results obtained from COMSOL software, it was decided to transfer the
drug into the vessel and �nally to the vessels and capillaries that are found in large quantities in the liver.
This study de�ned an input and an output for the vessel. Blood �ow velocity input was determined to be
vin = 0.008 m s-1 while the pressure output was determined to be pout=0. The mole that penetrates the
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wall was clearly de�ned. The amount of drug penetration in the desired section was obtained.
Nanoparticle motion was considered for different analyses and various factors such as �eld strength,
blood �ow velocity, particle density, etc., are effective factors in this simulation. Edward et al. 21

investigated a model for the multifunctional magnetic particles of the vessels under contract. They
concluded that the proposed model is embedded as a function of key variables including carrier particle
size, properties and volume fraction of magnetic nanoparticles, and the magnetic properties showing the
�ow rate. Figure 2A shows the concentration of the drug, the blue part being zero concentration and the
red part showing the highest concentration. Figure 2 B depicts the size of the velocity and the velocity �eld
in the direction of the Z axis. The velocity �ow around the moving ring and the droplet moving through
the edge of the old diffusion membrane is 0.25 mm s-1. Figure 2C illustrates the velocity of the �uid inlet
and outlet �ow lines and its representation. Figure 2D shows the drug concentration �eld inside the
droplet as it passes through the edge of the permeable membrane. Line 0.8 is above the membrane.

Due to its blue color, the concentration is almost zero and the red color has the highest concentration,
while the concentration is in the 0-12 mol m-3 range.

According to Figure 2D, the area attached to the membrane has the highest concentration. Figure 2E
presents the last step and here the dissolved drug was examined at different times. The number obtained
is 0.875 when a comparison was made with the research conducted by Chen et al. 22, and it was the best
and most appropriate time (Figure 2A). The movement of the connection point and contact with the wall
where the de�ned value of the function is 1 and at the other points 0 was considered. The distance of our
permeable membrane was assessed to ensure that the �uid inside the tube did not leak out (Figure 2B).
The total dose of the drug in the drop is a function of time. We have plotted the total amount of moles in
the drop, which is a drop speed of 0.1 mm s-1. Then the step velocity operator helped determine the step
arrival distance from 0 to 1. Figure 2E exhibits the different soluble concentrations from 0 to 10, which is
the time the drop starts to move to dissolve and �nally stops.

The speci�ed variable is de�ned as the distance from the highest drop point to the lowest (0.24 mm).
When the solution is complete, the speed is reported at different times. The �ow line shows the velocity
from the drop inlet and outlet boundary. The total dose of the injected drug (drug concentration in the
drop) was optimized for all velocities, which showed that as the droplet rate increased, the number of
moles entering the droplet diminished. This occurred because the amount of drug that penetrates into the
droplet depends on when the droplet comes into contact with the permeable membrane and the time
taken to pass through it.

Figure 3 shows the drug dose injected into a drop as a function of time. As the droplet speed rises, the
number of moles that enter the droplet begins to fall. This is because the amount of drug that penetrates
into the droplet depends on when the droplet comes in contact with the permeable membrane. Figure 3A
shows the movement of the connection point and contact with the wall where the de�ned value of the
function is 1 and at other points 0 is considered. The distance of the permeable membrane was checked
to ensure that the �uid inside the tube did not leak. The speci�ed distance of the obtained permeable
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membrane is the value of the function 6 x 10-4/8 x 10-4. The rest of the wall was 0. Jie et al. 23

investigated the biological activity and optimization of metallofullerene endohedral. They in fact reviewed
the relevant data instead of the actual list and explained the nanocarrier as a diagnostic or therapeutic
agent. Figure 3  B shows that the total dose of the drug in the drop is plotted as a function of time. The
total amount of moles inside the droplet is 0.1 mm s-1. The step velocity operator determines the step
arrival distance from 0 to 1. The scale is in time per second. The dose of the drug starts to increase over
time (3 s) and remains constant after that (6 s). Brazel and Pappas 24 reported two types of polymers
were employed to determine the validity of the model from the experimental results of drug release. The
model is used to simulate experimental systems of moving boundaries to improve in�ation behavior, and
diffusion behavior in polymer networks.

Figure 4 is concerned with zero velocity. Figure 4A shows the size of the starting surface velocity and
Figure 4B indicates the size of the �nal surface velocity. The solute transfer of the model devised for this
study was selected. The input material was considered dilute. Particle transfer occurred only in the
droplet section. Convection was adjusted according to the velocity �ow. The system was adjusted to take
the speed and concentration into account. The �rst velocity/time was set from 0 to 10 at which the
solvent did not appear after the dissolution. The speed test is illustrated in Figure 4A, which is the last
speed, and it is when our solution is completed that the best time and speed are identi�ed (U0 = 0.001m s-

1). Figure 4B is the �rst velocity that our solution has reached. The �ow line is marked (U0 = 1.5 x 10-4m s-

1). Skorb et al. 25 explained that the combination of microscopic and spectroscopic methods served to
analyze the structure and extent of optimization using ultrasound for the samples. The anti-corrosion
activity of the new cerium / aluminum oxide system was demonstrated using a medical scanning
method.

Figure 5A shows the different moles and velocities from the time the drop started to the end, while Figure
5B depicts the dose of drug injected into the drop as a function of time. The dose of the drug is vertical
and the time is horizontal. Figure 5A reveals that the total dose of injected drug (drug concentration in
drops) was optimized according to all selected rates. Calculations showed that as the droplet velocity
increased, the number of moles entering the droplet decreased. The amount of drug that penetrates into
the droplet depends on when the droplet comes in contact with the permeable membrane and the time
that passes through it. The speed diagram starts from the �rst time which is zero seconds and ends in
about 6 s. First, the droplet range shows the total molar amount of drug in the droplet. The last time is
when the �nal concentration of the drug is completed. The graph is blue (U0 = 0.001m s-1). The �rst

opportunity to commence the drug concentration was the water diagram (U0 = 1 x 10-4m s-1). Figure 5B
presents the droplet speed increase and the number of moles that enter the droplet that decrease. The
amount of drug that penetrates the droplet depends on when the droplet is directly related to: �rstly, the
permeable membrane; and secondly, how long the drug passes through it. Fundueanu et al. 26 explained
that the faster the drug penetrates into the drop, then time starts to run out. The molar amount of the drug
also decreases. Polymers play an important role in determining the rate, persistence and penetration of
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nanoparticles in the body. Results of our computational studies show that success has been achieved in
determining the rate at which nanoparticles penetrate the body.

4. Conclusion
First, according to VMD and COMSOL software, the desired molecules and proteins were examined and
compared in terms of structural similarities and proper orientation. The results suggested the ideal
position of the desired proteins and ligands. According to COMSOL software, relying on the magnetic
properties and coating with polymers for slow release will inhibit enzyme activity and block the effects of
opioids used to analyze drug delivery in the direction of toxin. The end resul is better detoxi�cation in the
liver. The best drug concentration detected is 1.5 seconds U0 = 2.5 10-4 m s-1 after entering the membrane
of blood vessels. The best time of the dissolved drug according to the concentration study is 0.875 s at
U0 = 0.001 m s-1. This represents an innovation in the �eld of computational drug delivery. The results
showed that iron nanoparticles were few and tolerable due to their toxicity, which is one of the best
options for the body’s organs. The main purpose of this study was to bring the drug to the desired point in
order to improve people’s ability to quit their addiction, better durability of the drug in the body and faster
release of toxins by stimulating enzymes. We created the best possible conditions according to the
pathways that include blood vessels and capillaries, so that the nanoparticles reached the vessels in the
liver.
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Figures
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Figure 1

Demonstration of stained molecules of amino acids and proteins with structural similarities after
examination of a speci�c site.
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Figure 2

(A) Displays the concentration of drug within the drop; (B) Displays the �eld and speed size; (C) Input and
output �ow line; (D) Concentration of the drug in drops from the edge of the membrane (E) Drug
dissolved at different times.
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Figure 3

(A) Investigating the movement of the �uid connection from the beginning to the end; (B) Total drug
doses in drops over time.

Figure 4

Investigating different concentrations within drops of time (A) Checking the size of the starting surface
velocity; (B) Checking the size of the �nal surface velocity. The graph shows the total molar amount of
the drug inside the droplet. Our x-axis is marked. with a function of time.
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Figure 5

(A) Investigating the different moles and velocities from the time the drop starts to the end; (B) The total
dose of drug injected into the drop as a function of time.
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