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Abstract: In this study, the efficiency of magnetic drug
targeting (MDT) for patients with type 2 diabetes was
investigated using numerical simulation. A patient-specific
cerebral artery geometry was reconstructed based on CT
images, and the blood flow was modeled as a non-Newtonian
fluid. Key parameters, including blood viscosity,
nanoparticle diameter, and magnetic field intensity, were
analyzed for their effects on drug carrier capture efficiency.
The results showed that increasing the nanoparticle diameter
from 250 nm to 1000 nm enhanced the capture efficiency
from about 33% to 61% in the fourth cardiac cycle.
Moreover, increasing the magnetic field from05 Ttol T
improved the capture efficiency up to 59%.
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1. Introduction

Magnetic nanoparticles have been widely examined as
delivery vehicles for targeted cancer treatment, due to
improved bioavailability and less toxicity. The efficacy of
MDT is highly impacted by hemodynamic conditions,
which are altered in diabetic patients due to higher
viscosity and unfavorable flow profiles. Past numerical
and experimental studies have shown that the non-
Newtonian features of blood can greatly influence the
dynamics of the particles and vascular drug delivery in
general [1,2]. Yet, few studies have sought to incorporate
diabetic rheological models with patient-specific cerebral
artery geometries. The aim of the present study is to use
numerical methods to investigate MDT in diabetic arteries
through examination of particle transport and capture
efficiency using varying nanoparticle sizes and magnetic
fields [3,4].

2. Governing equations

The continuity and Navier—Stokes equations for

incompressible flow were solved:
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where p,, U, P, 4, and y represent density, veloity,
pressure, viscosity, and shear rate of blood.

In order to model blood as a non-Newtonian fluid, the
Casson-Papanastasiou model was used and the equation
governing the motion of a particle within the bloodstream
was modelled based on Newton's second law [5]. The
nanoparticles’ CE is calculated using following formula:

ng—n
CE = t out x 100 (3)
ng

where n; is total number of injected nanoparticles, and
N,y 1S particles captured outside the region of interest.

3. Results
This study used geometry which is a patient-specific
reconstructed geometry of the brain artery bifurcation
made with basilar artery (BA) (posterior) right (RP), and
(posterior) left artery (LP)(Figure 1). In modeling the
impact of the external magnetic field, a cylindrical region
of radius R and length L was located next to the left
posterior artery, which acted as a magnetic source domain
for capturing magnetic nanoparticles. This allows for an
investigation on hemodynamic behavior and particle
trajectories while achieving physiologically relevant
conditions.

Figure 2 presents an illustration of CE for nanoparticles

* Manuscript received July 27, 2025, Revised August 03, 2025, Accepted September 21, 2025.
! PhD Student, Falcoty of engineering, University of Shhrekord, Shahrekord, Iran.
2 Corresponding Author: Proffesor, Falcoty of engineering, University of Shhrekord, Shahrekord, Iran.

Email: ghasemi@sku.ac.ir

3 Proffesor, Falcoty of engineering, University of Shhrekord, Shahrekord, Iran.
4Proffesor, Falcoty of engineering, University of Shhrekord, Shahrekord, Iran.



https://mechanic-ferdowsi.um.ac.ir/article_47275.html?lang=en
https://mechanic-ferdowsi.um.ac.ir/?lang=en
https://mechanic-ferdowsi.um.ac.ir/?lang=en
https://mechanic-ferdowsi.um.ac.ir/?lang=en
https://mechanic-ferdowsi.um.ac.ir/?lang=en
https://doi.org/10.22067/jacsm.2025.94646.1347
mailto:ghasemi@sku.ac.ir
https://orcid.org/0000-0003-4199-3179

Mohammad Ali Gholipour Shahraki, Behzad Ghasemi, Afrasiyab Raisi, Morteza Bayareh

84

with a fixed diameter of 750 nm between healthy (non-
diabetic) individuals and diabetic individuals under
varying magnetic field intensities. The results illustrate
that at all magnetic intensities below 1.0 T, the CE for the
non-diabetic condition is consistently above diabetic
conditions. For example, at a magnetic field strength of
0.5T, CE was reported at 38.3% for the non-diabetic
condition versus 28.5% for the diabetic patient,
representing a difference of almost 10% in CE due to
increased blood viscosity associated with diabetic
conditions. As the magnetic strength increased, the gap
between groups shrank, and at 1.0T, both groups
eventually had the same CE of approximately 59%.
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Fig. 1. Geometry used in present study.
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Fig. 2. Comparison of CE for diabetic and non-diabetic
individuals at different magnetic intensities and dp=750nm.

Figure 3 depicts the change in CE across three different
nanoparticle sizes (500, 750, and 1000 nm) at magnetic
field strengths of 0.5 to 1.0 T. It is evident that CE steadily
and substantially increases with magnetic field strength
(for all sizes) as field strength rises. CE for 500 nm
particles respectively increases from approximately 17.5%
at 0.5T to nearly 40% at 1.0T, while CE for 750 nm
particles increases from approximately 24% to 54% over
the same range, and CE for 1000 nm particles respectively
increases from approximately 33% to a little more than
56%. This behavior is indicative of a direct relationship
between magnetic field strength and the respective
magnetic forces acting upon the nanoparticles.
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Fig. 3. Effect of magnetic field on CE.

4. Conclusion

This research numerically examined MDT in patient-
specific brain arteries in both diabetic and non-diabetic
cases, and included non-Newtonian blood rheology. The
findings demonstrated that the higher viscosity of blood in
diabetes reduced the capture efficiency, particularly at low
magnetic field strengths, but this reduction can be offset
by using a higher magnetic field strength. Particle size is
also a significant factor since larger nanoparticles exhibit
higher capture efficiencies under all conditions. In
conclusion, these results highlight the need to account for
pathological hemodynamics in the design of MDT and
suggest that therapeutic efficacy can be significantly
improved by ensuring the proper strength of magnet field
and the proper size of particle.
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