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Abstract

Targeted drug delivery, also referred to as intelligent drug delivery, is a therapeutic approach that aims to enhance drug 
concentration in specific regions of the body relative to others. There are two strategies employed to target drugs to specific 
organs or tissues: passive targeting and active targeting. Drug delivery vehicles are utilized to transport the medication to 
the desired location. An ideal drug delivery vehicle should have the ability to overcome barriers such as the blood-brain 
barrier. Conventional drug delivery systems distribute drugs throughout the body via the bloodstream, resulting in only a 
small fraction of the drug reaching the affected organ. Smart drug delivery focuses on delivering the drug to the absorption site 
while minimizing its distribution in other tissues. This approach enhances effectiveness and reduces side effects by evading 
the body’s defense mechanisms and non-specific distribution. When designing a targeted drug delivery system, various 
factors such as drug characteristics, side effects, administration route, target site, and the specific disease must be taken into 
consideration.    
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Abbreviations: PEG: Polyethylene Glycol; RES: Reticulo 
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Introduction

Targeted drug delivery systems, also known as smart 
drug delivery, aim to optimize drug absorption in specific 
areas of the body [1]. The use of nanomedicine, which employs 
nanoparticle-mediated drug delivery, offers a promising 

approach to overcome the limitations of conventional 
drug delivery [1]. By loading drugs onto nanoparticles and 
targeting them to diseased tissue while avoiding healthy 
tissue, these systems can prolong, localize, and protect the 
interaction of drugs with the intended target [1]. In contrast 
to the conventional drug delivery system, which involves 
drug absorption across biological membranes, targeted 
drug delivery systems release drugs in a controlled dosage 
form [1]. This approach offers advantages such as reduced 
dosing frequency, more uniform drug effects, decreased side 
effects, and minimized fluctuations in circulating drug levels 
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[1]. However, the high cost of targeted drug delivery systems 
poses challenges to their productivity and dose adjustment 
capabilities [1]. Targeted drug delivery systems have evolved 
to optimize regenerative approaches, relying on techniques 
that deliver therapeutic agents over an extended period to 
specific diseased areas [2]. This strategy ensures sufficient 
drug levels in the target tissue and limits potential harm to 
healthy tissue [2]. Collaboration among experts from various 
fields, including biologists, chemists, and engineers, is 
essential due to the highly integrated nature of drug delivery 
systems [2]. To enable targeted drug delivery, nanoparticles 
are utilized to avoid interactions with healthy tissue 
and are loaded with drugs to specifically target diseased 
tissue [3]. While the targeted delivery system releases 
drugs in a controlled dosage form, the conventional drug 
delivery system involves drug absorption across biological 
membranes [3]. The primary goal of targeted drug delivery 
systems is to protect the drug and facilitate its interaction 
with the diseased tissue while achieving localization and 
prolonged action [3].

In the development of new therapies, controlled 
microenvironments are crucial, and targeted drug delivery 
plays a vital role in minimizing side effects [4]. Advancements 
in regenerating cardiac tissue, for example, will greatly benefit 
from targeted drug delivery approaches [4]. Two main types 
of targeted drug delivery are active targeted drug delivery, 
which involves antibody drugs, and passive targeted drug 
delivery, which capitalizes on the enhanced permeability 
and retention effect [4]. Targeting methods in targeted drug 
delivery systems can be categorized into two approaches: 
active targeting and passive targeting [4]. Nanoparticles 
achieve the ability to specifically target diseased tissue using 
one or a combination of these methods [4].

Targeting Methods

Nanoparticles can selectively concentrate in the affected 
tissue by employing one or both of the subsequent targeting 
techniques: active targeting or passive targeting.

Active Targeting

Active targeting of drug-loaded nanoparticles enhances 
the efficacy of passive targeting, enabling more precise 
localization of nanoparticles to the desired site. There are 
various methods available for achieving targeting. One 
approach involves identifying the specific receptor type 
on the target cell, which allows for the selective targeting 
of diseased tissue in the body. Researchers can utilize cell-
specific ligands that facilitate the binding of nanoparticles 
to cells expressing the corresponding receptor [5]. For 
instance, the conjugation of transferrin, a cell-specific 
ligand, to nanoparticles has proven successful in targeting 

tumor cells that possess transferrin-receptor mediated 
endocytosis mechanisms on their surface [5]. This strategy 
has shown increased uptake compared to non-conjugated 
nanoparticles. Another active targeting approach involves 
the use of magneto liposomes, which serve as contrast agents 
in magnetic resonance imaging [6]. By incorporating the 
desired drug into these liposomes and leveraging magnetic 
positioning, targeted drug delivery can be achieved. 
Additionally, nanoparticles can be designed to respond to 
specific triggers at the target site, such as pH-responsive 
substances [6]. Different regions of the body exhibit varying 
levels of acidity, allowing nanoparticles to deliver the drug 
payload upon encountering the appropriate pH conditions 
[7]. Another triggering mechanism relies on the redox 
potential, which can be altered in the vicinity of tumors 
due to hypoxia [8]. By modulating the redox potential, the 
release of the drug payload from the nanoparticles can be 
tailored to specific types of tumors. In addition to targeting 
methods based on receptor binding, magneto liposomes, 
and pH responsiveness, another promising approach 
involves exploiting the altered redox potential in the tumor 
microenvironment caused by hypoxia [8]. Tumors often 
exhibit areas of low oxygen concentration, leading to changes 
in the redox potential of the surrounding tissues. This unique 
characteristic can be leveraged to design nanoparticles that 
are specifically triggered by the altered redox environment. 
By incorporating redox-responsive components into the 
nanoparticle formulation, such as disulfide bonds or redox-
active molecules, the release of the drug payload can be 
precisely controlled based on the redox potential within 
the tumor vicinity. The reducing conditions present in 
hypoxic regions trigger the cleavage or dissociation of these 
redox-responsive components, resulting in the release of 
the encapsulated drug [8]. This mechanism allows for the 
targeted delivery of therapeutics to specific types of tumors 
that exhibit distinct redox profiles. By harnessing the tumor 
microenvironment’s redox potential as a trigger, the release 
of the drug payload from nanoparticles can be tailored to 
match the specific conditions of different tumor types. This 
approach offers the advantage of localized drug delivery to 
the tumor site while minimizing off-target effects on healthy 
tissues. Moreover, it provides a more precise and controlled 
drug release strategy that can enhance the therapeutic 
efficacy and reduce potential side effects associated with 
systemic drug administration.

Passive Targeting

Passive targeting in drug delivery relies on the circulation 
time of the drug, which can be enhanced through the use of 
nanoparticle coatings [9]. One commonly employed coating 
material is Polyethylene Glycol (PEG), which renders the 
nanoparticle hydrophilic by allowing water molecules to 
bind to the oxygen molecules on the PEG surface through 
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hydrogen bonding. This bonding creates a hydration layer 
around the nanoparticle, imparting it with antiphagocytic 
properties [9]. Consequently, the drug-loaded nanoparticle 
can remain in circulation for an extended period of time, 
benefiting from the hydrophobic interactions typically 
encountered in the Reticuloendothelial system [9]. 
Nanoparticles ranging from 10 to 100 nanometers in size 
have been shown to circulate systemically for a prolonged 
duration through passive targeting mechanisms [10]. By 
combining both passive and active targeting strategies, 
drug-loaded nanoparticles offer distinct advantages over 
conventional drugs. They can circulate throughout the 
body for an extended period, gradually accumulating at the 
target site through the use of cell-specific ligands, magnetic 
positioning, or pH-responsive substances. This targeted 

approach significantly reduces the side effects associated 
with conventional drugs since the drug-loaded nanoparticles 
primarily affect diseased tissues [9]. It is important to note 
that the field of nanotoxicology is emerging, raising concerns 
about the potential adverse effects of nanoparticles on both 
the environment and human health [11]. While drug-loaded 
nanoparticles offer numerous advantages in targeted drug 
delivery, careful consideration must be given to ensure their 
safety and mitigate any potential risks associated with their 
use. Furthermore, active targeting can also be achieved by 
employing peptide-based drug targeting systems, which 
utilize peptides specifically designed to bind to target cells or 
tissues [12]. These peptides can serve as ligands for the drug-
loaded nanoparticles, facilitating their specific accumulation 
at the desired site (Figures 1 & 2).

Figure 1: Polymeric nanoparticles for targeted drug delivery system for cancer therapy.

Figure 2: Targeted drug delivery to tumors. Passive targeting of nanomedicines is accomplished by virtue of their ability to 
extravasate out of the leaky tumor vasculature in combination with ineffective lymphatic drainage, also known as the enhanced 
permeability and retention (EPR) effect. Active targeting is realized by functionalizing nanomedicines with targeting ligands 
that recognize tumor cell markers to increase cell specificity and uptake.
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Delivery Vehicles

For effective drug delivery, an optimal vehicle should 
possess certain characteristics, including biodegradability, 
biocompatibility, non-immunogenicity, and non-toxicity, in 
order to evade recognition by the body’s defense mechanisms 
[12]. Various types of drug delivery carriers have been 
developed to fulfill these requirements. Examples of such 
carriers include liposomes, polymer micelles, dendrimers, 
lipoprotein-based drug carriers, nanoparticle drug carriers, 
and others.

Liposomes

Liposomes are the most commonly utilized vehicles for 
targeted drug delivery [13]. Composed of phospholipids, 
liposomes are composite structures capable of encapsulating 
small molecules. While liposomes can vary in size, 
unilamellar liposomes, depicted here, are typically smaller 
and can be modified with targeting ligands on their surface. 
This enables their attachment and accumulation in diseased 
areas for effective treatment. Liposomes exhibit desirable 
properties such as non-immunogenicity, non-hemolytic 
nature, non-toxicity even with repeated injections, as well 
as biocompatibility and biodegradability. They can also 

be engineered to avoid clearance mechanisms, including 
reticulo endothelial system (RES), renal clearance, chemical 
or enzymatic inactivation, and more [14,15]. In lipid-
based nanocarriers coated with ligands, the payload can 
be collected in the hydrophobic shell or the hydrophilic 
interior, depending on the specific drug or contrast agent 
being transported [12]. However, liposomes face challenges 
related to rapid uptake and clearance by the RES system in 
vivo, as well as moderate stability in vitro. To overcome these 
limitations, polyethylene glycol (PEG) can be added to the 
liposome surface. Increasing the mole percentage of PEG on 
liposomes by 4-10% significantly prolongs their circulation 
time in vivo, from 200 to 1000 minutes [12]. PEGylation of 
liposomal nanocarriers extends their half-life and enhances 
the passive targeting mechanism typically associated with 
lipid-based nanocarriers [16]. Additionally, liposomes can be 
designed to exhibit controlled instability, allowing selective 
release of the encapsulated therapeutic agent in close 
proximity to the target tissue or cell in vivo. This nanocarrier 
system is commonly employed in anti-cancer therapies, 
where the acidic microenvironment of the tumor triggers 
drug release due to its reliance on glycolysis [16,17] (Figure 
3).

Figure 3: Liposomes are composite structures made of phospholipids and may contain small amounts of other molecules.

Micelles and Dendrimers 

Polymeric micelles are an alternative type of drug 
delivery carrier that is employed to transport drugs with 
poor solubility [2]. Innovative techniques involving reactive 
polymers and hydrophobic additives have been developed to 
enable the formation of larger micelles with a range of sizes 
[18]. These micelles are composed of amphiphilic copolymers, 
which consist of both hydrophilic and hydrophobic monomer 

units. However, this approach offers limited control over 
the size and flexibility of the micelles. Dendrimers, on the 
other hand, are polymer-based drug delivery vehicles that 
exhibit unique characteristics. They possess a core structure 
with branching units at specific intervals, resulting in small, 
spherical, and highly compact nanocarriers [19]. Dendrimers 
offer promising advantages in terms of their structure and 
properties for drug delivery purposes (Figure 4).
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Figure 4: Computational approaches to the rational design of nano emulsions, polymeric micelles, and dendrimers for drug 
delivery.

Biodegradable Particles

Biodegradable particles provide a method for controlled-
release therapy, allowing the gradual release of therapeutic 
agents [20]. Moreover, these particles have the capacity to 
target diseased tissue. By incorporating ligands specific 

to P-selectin, endothelial selectin (E-selectin), and ICAM-
1, biodegradable particles have demonstrated the ability 
to adhere to inflamed endothelium [21]. Consequently, 
biodegradable particles can be employed for targeting 
cardiac tissue as well (Figure 5).

Figure 5: E-selectin as a target for drug delivery and molecular imaging.

Artificial DNA Nanostructures 

The advancements in DNA nanotechnology have paved 
the way for the creation of artificial nanostructures using 
nucleic acids, specifically DNA. These engineered structures, 
coupled with the development of DNA computing systems, 
have sparked interest in utilizing artificial nucleic acid 
nanodevices for targeted drug delivery. These techniques 
primarily employ DNA as a structural and chemical material, 

rather than relying on its biological function as a genetic 
information carrier. One promising approach involves the 
use of nucleic acid logic circuits that can serve as the central 
component of a drug delivery system, triggering the release 
of a drug in response to specific stimuli, such as a particular 
mRNA molecule [22]. Another breakthrough involves the 
construction of a DNA “box” with a controllable lid, achieved 
through the DNA origami technique. When in the closed 
state, this structure can encapsulate a drug, and it opens only 
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in response to the desired stimulus, facilitating controlled 
drug release [23] (Figure 6).

Figure 6: DNA nanotechnology involves forming artificial, 
designed nanostructures out of nucleic acids, such as this 
DNA tetrahedron. Each edge of the tetrahedron is a 20-
base pair DNA double helix, and each vertex is a three-arm 
junction. The 4 DNA strands that form the 4 tetrahedral 
faces are color-coded.

Applications

Targeted drug delivery systems (TDDS) offer potential 
benefits in the treatment of various diseases, including 
diabetes, cardiovascular diseases, and especially malignant 
tumors. When targeting tumors, the passive approach utilizes 
the enhanced permeability and retention effect (EPR), which 
is specific to cancerous growth characterized by rapid blood 
vessel formation and poor lymphatic drainage. The increased 
blood vessel formation leads to large fenestrae, allowing 
enhanced entry of nanoparticles ranging from 100 to 600 
nanometers in size. Furthermore, the inadequate lymphatic 
drainage prevents the efficient clearance of nanoparticles 
from the tumor, resulting in their prolonged retention and 
improved treatment efficacy [11]. Cardiovascular disease, 
identified as the leading cause of death in the United States, 
demands an optimal recovery system. Pharmaceutical 
drugs targeted directly to the diseased tissue hold the key 
to addressing this challenge. Targeted drug delivery systems 
can contribute to regenerative techniques aimed at curing 
heart disease. Stem cell therapy has emerged as a potential 
approach for regenerating myocardial tissue and restoring 
heart function, creating a favorable microenvironment 
before a myocardial infarction (MI). The progress made in 
targeted drug delivery to tumors has provided a foundation 
for the growing field of targeted drug delivery to cardiac 

tissue, opening new possibilities for treating cardiovascular 
diseases [12]. In the treatment of tuberculosis, liposomes 
have been explored as drug delivery vehicles. Conventional 
chemotherapy for tuberculosis often fails to achieve 
effective concentrations at the infection site. Liposomes 
offer improved penetration into macrophages and facilitate 
the accumulation of drugs at the infection site. Liposomal 
drug delivery can be administered intravenously or through 
inhalation, while oral intake is not recommended due to 
the breakdown of liposomes in the gastrointestinal system 
[24]. Doctors are also utilizing 3D printing to enhance the 
targeting of cancerous tumors. By printing a 3D plastic model 
of the tumor and filling it with drugs used in treatment, the 
flow of the liquid can be observed, allowing for modifications 
in drug doses and targeting locations. This approach enables 
more efficient and precise drug delivery to tumors [25].

Discussion

Targeted drug delivery systems (TDDS) have emerged as 
promising approaches for the treatment of various diseases, 
including diabetes, cardiovascular diseases, and malignant 
tumors. These systems offer the potential to enhance 
therapeutic efficacy, minimize side effects, and improve 
patient outcomes. In this discussion, we will explore the 
application of TDDS in these disease areas, highlighting the 
advantages, challenges, and future prospects of targeted 
drug delivery.

One of the most important applications of targeted drug 
delivery is in the treatment of malignant tumors. Traditional 
cancer treatments often suffer from limited selectivity, 
leading to off-target effects and systemic toxicity. TDDS 
provides an opportunity to specifically target tumor tissues, 
increasing drug accumulation and reducing adverse effects 
on healthy tissues. The passive targeting approach takes 
advantage of the enhanced permeability and retention (EPR) 
effect exhibited by tumors. The EPR effect is characterized by 
the presence of leaky blood vessels and impaired lymphatic 
drainage in tumor tissues, allowing for the accumulation of 
nanoparticles and drug carriers. This phenomenon enables 
increased nanoparticle entry into tumors and prolonged 
retention, leading to improved treatment outcomes [11]. 
In addition to passive targeting, active targeting strategies 
have been developed to enhance the specificity of drug 
delivery to tumor tissues. Active targeting involves the 
use of ligands or targeting moieties that recognize specific 
receptors or biomarkers on tumor cells. These ligands can be 
attached to the surface of drug carriers, such as liposomes or 
nanoparticles, enabling selective binding and internalization 
into tumor cells. Various targeting ligands, such as antibodies, 
peptides, and small molecules, have been explored to 
achieve site-specific drug delivery. For example, transferrin, 
a cell-specific ligand, has been successfully conjugated 
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to nanoparticles for targeting tumor cells that express 
transferrin receptors [5]. This active targeting approach 
enhances the uptake of drug-loaded nanoparticles and 
improves treatment efficacy compared to non-conjugated 
nanoparticles. Cardiovascular diseases, including myocardial 
infarction (MI) or heart attack, represent a significant health 
burden globally. The effective delivery of therapeutic agents 
to the diseased cardiac tissue is crucial for promoting 
tissue regeneration and restoring heart function. Stem cell 
therapy has emerged as a potential strategy for myocardial 
tissue regeneration. Targeted drug delivery systems can 
complement stem cell therapy by providing localized and 
sustained release of therapeutic agents. By incorporating 
drugs into drug carriers, such as liposomes or nanoparticles, 
and targeting them specifically to cardiac tissue, it is possible 
to enhance the delivery of therapeutic agents to the site of 
injury. This targeted approach can improve the efficacy of 
drug therapy and promote the regeneration of myocardial 
tissue [12]. The development of targeted drug delivery 
systems for the treatment of tuberculosis (TB) addresses the 
challenges associated with the conventional treatment of this 
infectious disease. TB chemotherapy often fails to achieve 
sufficient drug concentrations at the infection site, leading to 
suboptimal treatment outcomes. Liposomes, as drug delivery 
vehicles, offer advantages in terms of improved penetration 
into macrophages and enhanced drug accumulation at the 
infection site. Liposomal drug delivery can be administered 
intravenously or through inhalation, providing options for 
systemic or localized drug delivery. However, oral intake of 
liposomes is not recommended due to their breakdown in 
the gastrointestinal system [24]. The application of targeted 
drug delivery systems in TB treatment holds promise for 
improving drug efficacy and reducing treatment duration.

Furthermore, technological advancements, such as 
3D printing, have revolutionized the field of targeted drug 
delivery. 3D printing allows for the precise fabrication of drug 
delivery systems, enabling the customization of drug carriers 
according to specific patient needs. In the context of cancer 
treatment, 3D printing has been utilized to create plastic 3D 
models of tumors, simulating the tumor microenvironment. 
By filling these models with drugs used in treatment, the flow 
of the liquid can be observed, facilitating the optimization 
of drug doses and targeting locations. This approach offers 
a novel way to tailor drug delivery strategies and optimize 
treatment outcomes [25]. While targeted drug delivery 
systems hold tremendous potential, there are still challenges 
that need to be addressed. One of the key challenges 
is the optimization of drug release kinetics. Achieving 
controlled and sustained release of therapeutic agents 
from drug carriers is essential for maintaining therapeutic 
concentrations at the target site over an extended period. 
Various approaches, such as stimuli-responsive drug release 
systems and nanocarriers with tunable properties, are 

being explored to address this challenge. Another important 
consideration is the safety and biocompatibility of targeted 
drug delivery systems. The materials used in drug carriers 
should be non-toxic, biodegradable, and non-immunogenic 
to minimize adverse effects on the body. Extensive research 
is being conducted to develop biocompatible materials and 
evaluate their long-term safety profiles. Additionally, the 
potential impact of drug carriers on the environment should 
also be taken into account, with the field of nanotoxicology 
focusing on assessing the environmental and health risks 
associated with nanoparticle-based drug delivery systems.

In conclusion, targeted drug delivery systems offer great 
promise in the treatment of various diseases, including 
cancer, cardiovascular diseases, and infectious diseases. 
Passive targeting exploits the unique characteristics of 
tumor tissues, such as the enhanced permeability and 
retention effect, to improve drug accumulation and retention 
in tumors. Active targeting strategies enable the specific 
delivery of therapeutic agents to diseased tissues through 
the use of ligands that recognize biomarkers on target 
cells. The application of targeted drug delivery systems 
in cardiovascular diseases and tuberculosis addresses 
the challenges associated with conventional treatments, 
providing opportunities for improved therapeutic outcomes. 
Technological advancements, such as 3D printing, further 
contribute to the development of personalized and optimized 
drug delivery strategies. While significant progress has been 
made in this field, further research is needed to overcome 
challenges related to drug release kinetics, biocompatibility, 
and environmental impact. The continuous exploration 
and refinement of targeted drug delivery systems hold the 
potential to revolutionize the field of medicine, providing 
more effective and safer treatments for patients worldwide.
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