
© May 2025 | IJIRT | Volume 11 Issue 12 | ISSN: 2349-6002 

IJIRT 177174   INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY        110 

A Review on Targeted Drug Delivery using 

Nanoparticles: A 2D Simulation Approach 
 

 

Sathvik Madagi1, Riithun S2, Dr. Narendra Kumar S3 

1,2 Dept. ECE, R. V. College of Engineering Bengaluru, India 
3Dept. Biotechnology, R. V. College of Engineering Bengaluru, India 

 

Abstract—Targeted drug delivery using nano-particles 

is an innovative and rapidly evolving approach that 

aims to enhance the therapeutic efficacy of drugs while 

minimizing effects in healthy parts of the body. Nano-

particles have unique physio chemical properties(small 

size, high surface area to volume ratio), which enables 

precise delivery of drugs to the target site. A wide 

range of nano-carriers, such as liposomes, metal based 

nanostructures are developed which can not only encap 

sulate but also carry drugs. They can also be engineered 

with targeting ligands or small molecules that recognize 

specific markers ex- pressed on diseased cells, thereby 

facilitating active targeting. In cases of cancer 

treatment, nano-particles can be used as stimuli 

responsive , which are capable to release drugs based 

upon internal conditions such as pH, enzymesnredox 

condtions etc. Despite preclinical research, several 

challenges reamin in translating the nano-particle 

based systems into clinical practices due to issues sucha 

s stability, bio-compatibiltity, large scale manufacturing 

and majorly approvals from the governments. 

 

Index Terms—Targeted Drug Delivery, Nanoparticles, 

Simulation, Drug Release, 2D Modeling. 

 

I. INTRODUCTION 

 

Targeted drug delivery using nanoparticles is an 

innovative and rapidly evolving approach that aims 

to enhance the therapeutic efficacy of drugs while 

minimizing the adverse effects on healthy tissues. 

Nanoparticles possess unique physicochemical 

properties such as small size, high surface area-to-

volume ratio, and tunable surface characteristics, 

which enable the precise delivery of therapeutic 

agents to specific sites within the body. 

 

A wide range of nanoparticle carriers, such as 

liposomes, polymeric nanoparticles, and metal-based 

nanostructures, have been developed. These carriers 

can not only encapsulate the drug molecules but also 

transport them safely to the desired location. 

Furthermore, nanoparticles can be engineered with 

targeting ligands or small molecules that recognize 

specific biomarkers expressed predominantly on 

diseased cells. This modification facilitates active 

targeting, ensuring that the therapeutic agents 

accumulate preferentially at the site of interest while 

reducing off-target interactions. 

 

In the context of cancer treatment, nanoparticles offer 

additional functionality by being stimuli-responsive. 

These nanoparticles are designed to release their drug 

payloads in response to internal physiological 

conditions such as changes in pH, the presence of 

certain enzymes, or variations in redox potential. 

This feature provides another layer of specificity, 

allowing for controlled and localized drug release 

within the tumor microenvironment, thereby 

improving treatment outcomes and reducing 

systemic toxicity. 

 

Despite the promising results observed in preclinical 

re- search and experimental studies, several 

challenges remain in translating nanoparticle-based 

drug delivery systems into clinical practice. Critical 

issues include achieving long-term stability of 

nanoparticles in biological fluids, ensuring bio- 

compatibility to avoid immune responses, developing 

scalable and reproducible manufacturing processes, 

and obtaining necessary regulatory approvals from 

government agencies. Addressing these challenges is 

essential for realizing the full potential of 

nanoparticle-mediated targeted drug delivery in 

clinical therapies. 

 

II. SIMULATION METHODOLOGY 

 

This section outlines the computational approach 

used to simulate the behavior of nanoparticles 

navigating through a tissue-like environment toward 

a tumor region, with the goal of modeling targeted 

drug delivery. The simulation is designed in a two-

dimensional (2D) domain and executed using Python, 

although the methodology can be generalized to 

MATLAB or other platforms. The simulation 



© May 2025 | IJIRT | Volume 11 Issue 12 | ISSN: 2349-6002 

IJIRT 177174   INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY        111 

captures key aspects of nanoparticle dynamics, such 

as random diffusion, directional targeting, tumor 

interaction, and drug release tracking. 

 

A. Simulation Domain and Initialization 

A 2D grid-based environment of size 100 × 100 

units was constructed to represent a simplified cross-

sectional area of biological tissue. Within this 

environment, a circular region was designated as the 

tumor, located at the center of the grid with a fixed 

radius of 10 units. This area served as the target 

region for nanoparticle accumulation and drug 

release. 

Nanoparticles were initialized at random positions 

across the entire grid, simulating a uniform initial 

distribution akin to intravenous injection or systemic 

distribution in the blood- stream. A total of 10–50 

nanoparticles were used in the simulation, adjustable 

based on desired resolution and computational 

efficiency. 

In this paper, we include an image as shown in 

Figure 4. 

 
Fig. 1. Process of Targeted Drug Delivery 

 

B. Nanoparticle Motion Model 

Each nanoparticle’s movement was governed by a 

hybrid model combining stochastic Brownian motion 

and directional bias toward the tumor. This approach 

simulates both the natural diffusive behavior of 

nanoparticles and their active targeting capabilities 

via mechanisms such as ligand-receptor binding or 

external magnetic/optical control. 

At every time step, the new position ∆X⃗t of a 

nanoparticle was computed as: 

∆X⃗t = βR⃗t + (1 − β)D⃗t 

where: 

• R⃗t ∈ {−1, 0, +1}2 is a random vector 

representing Brownian motion, 

• D⃗t is a normalized vector pointing from 

the current position toward the tumor center, 

• β ∈ [0, 1] is a tunable weight controlling 

the balance between random diffusion and 

directional targeting. 

 

The updated position was constrained within the grid 

boundaries to prevent overflow. This hybrid model 

enabled a realistic representation of both passive and 

active drug delivery strategies. 

 

C. Tumor Detection and Drug Release Logic 

To simulate targeted delivery, each nanoparticle was 

evaluated at every time step to determine whether it 

had entered the tumor region. This was calculated 

based on the Euclidean distance between the 

nanoparticle’s position (x, y) and the tumor center 

(x0, y0). A particle was considered to have entered the 

tumor if: 

 

(x − x0)2 + (y − y0)2 < r2 

where r is the tumor radius. 

Upon entering the tumor, a nanoparticle was flagged 

as “released,” signifying successful drug delivery. A 

concentration matrix C(x, y) was maintained to track 

localized drug accumulation. Upon each release, the 

matrix was updated as: 

C(x, y) = C(x, y) + δ 

where δ represents the incremental drug dose 

delivered per nanoparticle. 

 

D. Visualization and Animation 

An animated 2D plot was generated for visual 

interpretation. Particles were represented as moving 

points, with color-coding based on their status: blue 

for active (not yet delivered) particles and red for 

released (payload delivered) particles. 

Additionally, a dynamic heatmap was overlaid onto 

the grid to visualize real-time drug concentration. 

The heatmap was constructed from the concentration 

matrix C(x, y) and updated at each frame. 

Transparency and color normalization techniques 

were employed to ensure that both particle 

trajectories and concentration gradients were 

simultaneously visible. 

The simulation typically ran for 200–500 time steps 

to study the nanoparticle delivery efficiency and the 

spatial-temporal evolution of drug concentration 

around the tumor. 
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The figure 2 represents a frame of the 2D animation 

that was achieved 
 

 

Fig. 2. 100 Nanoparticles Simulated using Python 

 

E. Parameter Tuning and Scalability 

The simulation framework allows easy 

modification of several parameters: 

• Grid size 

• Number of nanoparticles 

• Tumor size and location 

• Targeting strength (β) 

• Drug diffusion or decay (planned for future 

extensions) 

 

Such tunability makes the simulation extensible for 

evaluating various hypotheses concerning drug 

delivery efficiency, nanoparticle mobility patterns, 

and optimization of targeted therapy strategies. 

Future improvements may include modeling 

heterogeneous tissue environments, introducing 

time-varying external fields to steer particles more 

accurately, and simulating drug degradation 

dynamics over time. Figure 3 represents the decay of 

nanoparticles via small red streams. 

 

 
Fig. 3. Decay of Nanoparticles 

 

III. SIMULATION RESULTS AND 

DISCUSSION 

 

The simulation was conducted to evaluate the 

effectiveness of nanoparticle-based targeted drug 

delivery within a two- dimensional (2D) 

environment. The tumor was modeled as a circular 

region located at the center of the grid. A total of 

30 nanoparticles were initialized at random positions 

across the grid to simulate uniform distribution. The 

simulation was executed over 300 time steps, during 

which the motion of each nanoparticle was governed 

by a hybrid model combining random Brownian 

motion and a directional attraction toward the tumor 

center. 

 

Initially, the nanoparticles exhibited predominantly 

random motion, diffusing uniformly across the 

environment. As the simulation progressed, a visible 

drift of particles toward the tumor region became 

apparent due to the directional bias incorporated 

within the motion algorithm. Over successive time 

steps, an increasing number of nanoparticles 

reached the tumor boundary. Upon reaching the 

tumor, particles were flagged as having released their 

drug payloads. These released particles were visually 

distinguished from active, unreleased particles to 

facilitate tracking of the release status throughout the 

simulation. 

 

By approximately the 200th time step, a significant 

pro- portion of nanoparticles had successfully 

accumulated within the tumor region. The simulation 

effectively reflected both the stochastic nature of 

nanoparticle movement and the systematic influence 

of targeted navigation. In addition to tracking 

individual particle behavior, a dynamic heatmap was 

generated to illustrate the cumulative drug 

concentration across the grid. As expected, the 

highest concentration levels were observed near the 

tumor center, confirming that the targeting 

mechanism successfully guided nanoparticles toward 

the desired location. The results demonstrated that 

even with a relatively simple hybrid motion model, 

nanoparticles could be effectively directed toward 

a tumor site, and their trajectories could be 

visualized over time. This approach provides a 

useful approximation of how targeted delivery 

mechanisms operate at the microscale and lays a 

foundation for future simulations incorporating more 

complex biological factors, such as vascular blood 

flow, particle degradation, and immune responses. 

Moreover, it was observed that various simulation 
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parameters significantly impacted the overall 

delivery efficiency. Factors such as the targeting 

strength (bias factor β), the total number of particles, 

and the tumor size directly influenced the 

accumulation rate and distribution pattern of 

nanoparticles. These parameters can be tuned to 

model different clinical scenarios, optimize 

therapeutic payload concentrations, and minimize 

undesired systemic dispersion. The current 

simulation 

 
Fig. 4. Concentration of Drugs Around the Tumor 

 

framework, although simplified, demonstrates the 

potential of computational models to predict 

nanoparticle behavior in biological environments and 

assists in designing more efficient targeted drug 

delivery strategies. 

 

IV. CONCLUSION 

 

This study presented a two-dimensional (2D) 

simulation- based approach to model targeted drug 

delivery using nanoparticles, with a focus on tracking 

particle movement and drug release behavior toward 

a defined tumor region. The results demonstrated the 

effectiveness of combining random Brownian motion 

with a directional attraction mechanism to replicate 

the dynamic behavior of nanoparticles as they 

navigate toward a tumor site. 

 

The simulation successfully illustrated several key 

aspects of targeted drug delivery, including 

nanoparticle accumulation within the tumor 

boundary, release behavior upon reaching the tumor, 

and the buildup of drug concentration over time. 

These findings underscore the potential of 

nanoparticle-based delivery systems in enhancing 

localized therapeutic efficiency while minimizing 

unintended effects on healthy tissues. 

 

While the model was intentionally kept simple to 

facilitate clear visualization and conceptual 

understanding, it provides a strong foundation for the 

development of more sophisticated simulations. 

Future work can extend the model by incorporating 

additional biological complexities, such as 

simulated bloodstream flow, physiological barriers to 

diffusion, immune system interactions, or variable 

tumor geometries, to more closely approximate real-

world conditions. 

 

Overall, the presented approach highlights how 

computational simulations can serve as valuable tools 

in the design, evaluation, and optimization of next-

generation drug delivery strategies. By enabling 

systematic testing of different parameters and 

targeting mechanisms, simulation frameworks can 

accelerate the development of effective nanoparticle-

mediated therapies for clinical applications. 

 

V. LITERATURE REVIEW 

 

The use of nanoparticles in targeted drug delivery has 

gained significant attention due to their ability to 

enhance therapeutic efficacy and reduce off-target 

effects. A wide variety of nanoparticles have been 

explored, including liposomes, dendrimers, 

polymeric nanoparticles, metallic nanoparticles such 

as gold and silver, and magnetic nanoparticles. These 

nanoscale carriers can be engineered to encapsulate 

drugs and release them in response to specific 

biological triggers. 

Passive targeting leverages the Enhanced 

Permeability and Retention (EPR) effect, which 

allows nanoparticles to ac- cumulate in tumor tissues 

due to their leaky vasculature. However, this method 

lacks precision and often results in poor distribution. 

To improve specificity, active targeting has been 

developed, which involves functionalizing 

nanoparticle surfaces with ligands such as antibodies 

and peptides that bind to overexpressed receptors on 

target cells. 

Controlled drug release mechanisms are essential for 

ensuring that drugs are released at the right place and 

time. These include: 

• pH-sensitive systems, which release drugs in 

acidic tumor environments, 

• enzyme-sensitive carriers, which degrade in 

the presence of specific enzymes, 

• magnetically or thermally triggered 

nanoparticles, which respond to external stimuli. 

Several studies have utilized computational models 

to simulate nanoparticle behavior and optimize 

delivery strategies. Monte Carlo simulations, agent-

based models, and partial differential equations have 

been used to represent particle transport, binding 

kinetics, and release dynamics. These simulations 

help bridge the gap between theoretical design and 
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in vivo performance, offering a cost-effective way to 

refine nanoparticle properties and targeting 

mechanisms. 

Despite these advancements, challenges such as rapid 

clearance by the immune system, heterogeneity of 

tumors, and variability in patient physiology continue 

to limit the success of nanoparticle-based delivery. 

Nonetheless, integrating simulation models into the 

development pipeline offers a powerful approach to 

enhance predictability and personalization of drug 

delivery systems. 
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