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  ABSTRACT 

This review article discusses the recent advancements in drug delivery systems (DDSs), which are designed to 

enhance the efficacy and safety of pharmaceutical therapies. The article covers various types of DDSs, including 

liposomes, nanoparticles, and microparticles, as well as their applications in cancer treatment, gene therapy, 

and immunotherapy. The article also highlights the challenges in developing DDSs, such as ensuring stability 

and controlling drug release, and discusses strategies to overcome these challenges. Overall, the article 

provides an overview of the state-of-the-art technologies in drug delivery and highlights the potential for DDSs 

to revolutionize the field of medicine. 

I. INTRODUCTION 

Drug delivery systems (DDS) are designed to improve the safety and efficacy of therapeutic agents. The system 

controls the release of the drug at the target site, reducing the dose required and preventing adverse effects. 

DDS is an emerging field that includes nanotechnology, biotechnology, and engineering. In this review, we will 

discuss the recent advances in DDS, including targeted drug delivery, gene therapy, and drug repurposing. 

Drug delivery systems play a crucial role in the efficient and effective delivery of therapeutic agents to their 

intended target sites. Over the past few decades, drug delivery systems have undergone significant 

advancements, leading to the development of novel and innovative strategies that have revolutionized the field 

of medicine. 

In this review article, we aim to provide a comprehensive overview of drug delivery systems, highlighting the 

various types of delivery systems, their mechanisms of action, and their applications in different fields of 

medicine. We will discuss the advantages and limitations of different drug delivery systems, as well as their 

potential for future development. 

Through this review, we hope to provide readers with a deeper understanding of drug delivery systems and 

their impact on modern medicine. We believe that this article will serve as a valuable resource for researchers, 

healthcare professionals, and students who are interested in the field of drug delivery systems. 

Targeted drug delivery: 

Targeted drug delivery systems aim to deliver the drug to the desired site without affecting healthy tissues. 

Examples include liposomes, nanoparticles, and hydrogels. Liposomes are spherical structures made up of 

phospholipids that can carry hydrophilic and hydrophobic drugs. Nanoparticles are similar but can have a 

variety of shapes, sizes, and surface charges. Hydrogels are networks of polymer chains that can absorb water 

and swell. They are useful for delivering drugs to the eye, skin, and other mucous membranes. 

Targeted drug delivery systems have revolutionized the field of medicine by providing a means to deliver 

therapeutic agents specifically to the site of action while minimizing unwanted side effects. These systems have 

the potential to enhance drug efficacy and safety, as well as reduce treatment costs and improve patient 

compliance. In this review, we will discuss the principles of targeted drug delivery systems, the different types 

of targeted drug delivery systems, and their applications in various diseases. 

Principles of targeted drug delivery systems: 

Targeted drug delivery systems are designed to deliver drugs to specific sites in the body, such as tumors, 

inflamed tissues, or organs. The aim is to achieve a high concentration of the drug at the site of action while 

minimizing the drug concentration in healthy tissues. The principle of targeted drug delivery is based on the 

fact that the target site expresses specific molecules that are not present or are present in low amounts in 

healthy tissues. These molecules are known as receptors or ligands and can be targeted by drug delivery 

systems to achieve selective drug delivery. 
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Different types of targeted drug delivery systems: 

There are several types of targeted drug delivery systems, including liposomes, nanoparticles, antibodies, and 

gene therapy vectors. 

Liposomes: Liposomes are spherical vesicles made up of a lipid bilayer. They are capable of encapsulating both 

hydrophilic and hydrophobic drugs and can be functionalized with targeting ligands. Liposomes have been used 

to deliver drugs to tumor tissues, and some formulations have been approved for clinical use. 

Nanoparticles: Nanoparticles are particles with a size ranging from 1 to 100 nm. They can be made from 

various materials, including polymers, lipids, and metals. Nanoparticles have a high surface area to volume 

ratio, allowing for drug loading and functionalization with targeting ligands. Nanoparticles have been used to 

deliver drugs to tumor tissues, inflamed tissues, and the central nervous system. 

Antibodies: Antibodies are proteins that can bind specifically to antigens on cells. They can be used to target 

drugs to cells expressing the antigen. Antibody-drug conjugates (ADCs) are a type of targeted drug delivery 

system that consists of an antibody conjugated to a cytotoxic drug. ADCs have been approved for clinical use in 

cancer therapy. 

Gene therapy vectors: Gene therapy vectors are designed to deliver genes to specific cells to correct genetic 

defects or to treat diseases. Gene therapy vectors can be engineered to express targeting ligands, allowing for 

selective gene delivery. Gene therapy vectors have been used to treat various diseases, including cancer and 

genetic disorders. 

Applications of targeted drug delivery systems: 

Targeted drug delivery systems have been used to treat various diseases, including cancer, inflammatory 

diseases, and genetic disorders. In cancer therapy, targeted drug delivery systems have been used to deliver 

chemotherapeutic agents specifically to tumor tissues, thereby minimizing the toxicity of the drugs in healthy 

tissues. Targeted drug delivery systems have also been used in the treatment of inflammatory diseases, such as 

rheumatoid arthritis, by delivering anti-inflammatory drugs specifically to inflamed tissues. Gene therapy 

vectors have been used to treat genetic disorders, such as cystic fibrosis and hemophilia, by delivering 

functional genes to specific cells. 

Conclusion 

Targeted drug delivery systems have the potential to revolutionize the field of medicine by providing a means 

to deliver drugs specifically to the site of action while minimizing unwanted side effects. Liposomes, 

nanoparticles, antibodies, and gene therapy vectors are examples of targeted drug delivery systems that have 

been used to treat various diseases. Targeted drug delivery systems have the potential to enhance drug efficacy 

and safety, as well as reduce treatment costs and improve patient compliance. Further research is needed to 

optimize these systems and to develop new strategies for targeted drug delivery. 

Gene therapy: 

Gene therapy involves the delivery of genetic material to treat or prevent genetic diseases. The most common 

method of delivery is viral vectors, such as adenoviruses, retroviruses, and lentiviruses. Non-viral vectors, such 

as liposomes and nanoparticles, are also being developed. Gene therapy has shown promising results in 

treating inherited disorders, such as cystic fibrosis and hemophilia. 

Gene therapy is a novel approach to treating genetic diseases that aims to replace, repair or introduce genes 

into cells to treat or prevent diseases. In recent years, there have been significant advancements in gene 

therapy, particularly in the development of gene delivery systems. Gene delivery systems are vehicles used to 

deliver therapeutic genes into cells, and their efficacy and safety are critical to the success of gene therapy. This 

article reviews recent developments in gene delivery systems used for gene therapy, with a focus on viral and 

non-viral vectors. 

Viral vectors: 

Viral vectors are the most commonly used gene delivery systems in gene therapy. They are derived from 

viruses and have been modified to remove the genes responsible for their pathogenicity, leaving only the genes 

required for gene delivery. There are several types of viral vectors, including retrovirus, adenovirus, adeno-

associated virus, lentivirus, and herpes simplex virus. 
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Retroviral vectors are one of the earliest viral vectors used for gene therapy. They integrate into the host 

genome and have been used successfully to treat several genetic diseases such as severe combined 

immunodeficiency (SCID). However, their use is limited by their low efficiency of gene transfer and the risk of 

insertional mutagenesis, where the integrated vector disrupts the function of an essential gene. 

Adenoviral vectors have a high efficiency of gene transfer and can accommodate large genes, making them 

useful for treating diseases such as cystic fibrosis. However, their use is limited by their immunogenicity, which 

can result in an immune response that limits their efficacy. 

Adeno-associated viral vectors have a high safety profile and can be used to treat diseases that require long-

term expression of the therapeutic gene, such as hemophilia. However, their use is limited by their low capacity 

for gene transfer. 

Lentiviral vectors have a high efficiency of gene transfer and can accommodate large genes, making them useful 

for treating diseases such as sickle cell anemia. However, their use is limited by their potential to integrate into 

the host genome, which can result in insertional mutagenesis. 

Non-viral vectors: 

Non-viral vectors are an alternative to viral vectors and have several advantages, including their low 

immunogenicity, low risk of insertional mutagenesis, and ease of production. However, they have a lower 

efficiency of gene transfer compared to viral vectors. 

There are several types of non-viral vectors, including lipid-based vectors, polymeric vectors, and inorganic 

nanoparticles. 

Lipid-based vectors, such as liposomes and lipid nanoparticles, are the most commonly used non-viral vectors. 

They have a high biocompatibility and can deliver genes to a range of cells and tissues. Lipid nanoparticles, in 

particular, have shown promise in delivering genes to the liver, and are being developed as a treatment for 

genetic disorders such as familial hypercholesterolemia. 

Polymeric vectors, such as polyethylenimine and poly(lactic-co-glycolic acid), have been used to deliver genes 

to cells and tissues. They have a high biocompatibility and can be modified to target specific cells and tissues. 

Polymeric vectors are being developed as a treatment for cancer, where they can deliver genes that promote 

apoptosis in cancer cells. 

Inorganic nanoparticles, such as gold nanoparticles and quantum dots, have also been used as gene delivery 

systems. They have unique physicochemical properties that make them useful for delivering genes to cells and 

tissues. Gold nanoparticles, in particular, have been used to deliver genes to cancer cells and promote 

apoptosis. 

Conclusion: 

Gene therapy has the potential to revolutionize the treatment of genetic diseases, and the development of 

effective gene delivery systems is critical to its success. Both viral and non-viral vectors have been used to 

deliver genes to cells and tissues, and each has its 

Drug repurposing: 

Drug repurposing involves using existing drugs for new indications. This approach saves time and resources 

compared to developing new drugs from scratch. Examples include the use of the antidepressant fluoxetine for 

the treatment of osteoporosis and the antiparasitic drug ivermectin for the treatment of COVID-19. Drug 

repurposing can also lead to the discovery of new mechanisms of action. 

Drug repurposing is an approach to identify new therapeutic indications for already approved drugs, which can 

be used to treat different diseases. This approach can reduce the cost and time required for drug development 

and can provide a solution to the high failure rates in drug discovery. In recent years, drug repurposing has 

gained attention in drug discovery research, and the drug delivery system plays a significant role in the success 

of drug repurposing. In this review, we will discuss drug repurposing and the drug delivery system in detail. 

Drug Repurposing: 

Drug repurposing is a strategy to identify new therapeutic indications for approved drugs. This approach is 

based on the principle that drugs can have multiple targets and mechanisms of action. Therefore, a drug that is 
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approved for one indication may have therapeutic potential for other diseases. In recent years, drug 

repurposing has gained significant attention in drug discovery research due to its potential to reduce the cost 

and time required for drug development. 

Drug Delivery System: 

Drug delivery systems (DDS) are designed to deliver drugs to their specific site of action in the body. DDS can 

enhance drug efficacy, reduce toxicity and side effects, and improve patient compliance. The success of drug 

repurposing depends on the drug delivery system, which can significantly impact the drug's pharmacokinetics 

and pharmacodynamics. 

Drug Repurposing with DDS: 

Drug repurposing with DDS is an approach that can enhance the therapeutic potential of approved drugs. DDS 

can be used to modify the drug's physicochemical properties, such as solubility, stability, and bioavailability, 

which can improve the drug's efficacy and safety. DDS can also be used to target specific tissues and cells, 

increasing the drug's specificity and reducing off-target effects. 

Several DDS have been used in drug repurposing research, including liposomes, nanoparticles, dendrimers, and 

polymer conjugates. Liposomes are spherical vesicles composed of a lipid bilayer that can encapsulate 

hydrophilic or hydrophobic drugs. Liposomes have been used to repurpose drugs for cancer, infectious 

diseases, and neurodegenerative disorders. Nanoparticles are small particles with a size range of 1-1000 nm 

that can be used to encapsulate drugs and target specific tissues. Dendrimers are highly branched polymers 

that can be used to encapsulate drugs and target specific cells. Polymer conjugates are polymers linked to drugs 

that can improve drug pharmacokinetics and pharmacodynamics. 

Conclusion: 

Drug repurposing with DDS is a promising approach to identify new therapeutic indications for approved 

drugs. The drug delivery system plays a significant role in the success of drug repurposing by enhancing drug 

efficacy, reducing toxicity and side effects, and improving patient compliance. DDS such as liposomes, 

nanoparticles, dendrimers, and polymer conjugates have been used in drug repurposing research with 

promising results. Further research is needed to optimize the drug delivery system for specific diseases and to 

develop new DDS for drug repurposing 

Nanostructured Materials: 

Nanostructured materials have unique properties that can be harnessed for drug delivery applications. 

Examples include dendrimers, carbon nanotubes, and graphene oxide. Dendrimers are highly branched 

polymers that can carry drugs and other molecules. Carbon nanotubes and graphene oxide have high surface 

areas and can be functionalized with drugs and targeting ligands. 

Nanostructured materials have emerged as one of the most promising tools for drug delivery systems. They 

offer a wide range of advantages such as improved solubility, increased bioavailability, and targeted delivery. 

This article will review recent advances in nanostructured materials drug delivery systems, including their 

synthesis, characterization, and application. 

Synthesis of Nanostructured Materials: 

Several methods have been developed to synthesize nanostructured materials for drug delivery systems, such 

as emulsion-based methods, precipitation-based methods, and template-assisted methods. Emulsion-based 

methods involve the use of surfactants and oil-water emulsions to produce nanoparticles. Precipitation-based 

methods use a solvent to dissolve the drug and a non-solvent to precipitate it into nanoparticles. Template-

assisted methods use templates to produce nanoparticles with controlled size and morphology. 

Characterization of Nanostructured Materials: 

Characterization of nanostructured materials is critical to ensure their stability, size, and drug loading capacity. 

Techniques such as dynamic light scattering, transmission electron microscopy, scanning electron microscopy, 

and X-ray diffraction are commonly used to characterize nanostructured materials. 
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Application of Nanostructured Materials in Drug Delivery Systems: 

Nanostructured materials have been widely used in drug delivery systems due to their unique properties. For 

instance, they can improve the solubility and bioavailability of poorly soluble drugs. Also, they can target 

specific cells or tissues, reducing the side effects of the drug. Some examples of nanostructured materials used 

in drug delivery systems include liposomes, dendrimers, and carbon nanotubes. 

Liposomes are spherical structures composed of a phospholipid bilayer that can encapsulate hydrophilic or 

hydrophobic drugs. They have been used in cancer therapy, as they can accumulate in tumor tissues and 

release the drug over a sustained period. 

Dendrimers are highly branched polymers with a core-shell structure. They can be synthesized with a 

controlled size and shape and can encapsulate drugs through covalent or non-covalent interactions. They have 

been used in gene therapy, as they can protect DNA from degradation and facilitate its delivery to target cells. 

Carbon nanotubes are cylindrical structures made of carbon atoms. They can be functionalized with drugs, 

targeting ligands, or imaging agents. They have been used in drug delivery systems for cancer therapy, as they 

can penetrate tumor tissues and release the drug in a controlled manner. 

Conclusion: 

Nanostructured materials have shown great potential in drug delivery systems due to their unique properties. 

Several methods have been developed to synthesize and characterize these materials. The application of 

nanostructured materials in drug delivery systems has resulted in improved drug solubility, increased 

bioavailability, and targeted delivery. Future research in this field should focus on developing new 

nanostructured materials with improved drug loading and release properties. 

Smart Drug Delivery Systems: 

Smart drug delivery systems can respond to changes in the environment or stimuli, such as pH, temperature, or 

light. These systems can release the drug at the desired site and time, thus improving drug efficacy and 

reducing side effects. Examples include pH-sensitive liposomes, temperature-sensitive hydrogels, and light-

sensitive nanoparticles. 

Smart drug delivery systems have revolutionized the field of drug delivery and have made it possible to deliver 

drugs to specific target sites in the body, increasing efficacy while minimizing side effects. These systems are 

designed to release drugs in a controlled and targeted manner, improving therapeutic outcomes and patient 

compliance. In this review, we will discuss the different types of smart drug delivery systems that have been 

developed and their applications in drug delivery. 

Types of Smart Drug Delivery Systems: 

Polymer-Based Drug Delivery Systems: 

Polymer-based drug delivery systems are one of the most commonly used smart drug delivery systems. These 

systems are made up of polymers that are designed to release drugs in a controlled manner, based on various 

stimuli such as pH, temperature, or enzymes. These systems have been extensively studied and are used in 

various applications such as cancer therapy, diabetes, and cardiovascular diseases. 

Liposomes: 

Liposomes are spherical vesicles that are composed of a phospholipid bilayer. These vesicles are used as a 

carrier for drugs and can be designed to release drugs in a controlled manner, based on various stimuli such as 

pH or temperature. Liposomes are widely used in cancer therapy, as they can accumulate in tumor tissues due 

to the enhanced permeability and retention (EPR) effect. 

Dendrimers: 

Dendrimers are branched polymers that have a well-defined structure and size. These polymers have unique 

properties, such as a high degree of branching, multivalency, and the ability to bind to drugs. Dendrimers have 

been extensively studied for drug delivery applications and have shown promise in cancer therapy, gene 

therapy, and drug delivery across the blood-brain barrier. 
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Magnetic Nanoparticles: 

Magnetic nanoparticles are particles that are typically made up of iron oxide and are used as a carrier for drugs. 

These particles can be guided to a specific target site using an external magnetic field, making them an 

attractive option for targeted drug delivery. Magnetic nanoparticles have been studied for drug delivery 

applications in cancer therapy, cardiovascular diseases, and neurodegenerative diseases. 

Hydrogels: 

Hydrogels are three-dimensional networks of hydrophilic polymers that can absorb and retain large amounts of 

water. These materials have unique properties, such as high biocompatibility and the ability to respond to 

various stimuli such as temperature, pH, or light. Hydrogels have been studied for drug delivery applications 

and have shown promise in wound healing, tissue engineering, and drug delivery to the gastrointestinal tract. 

Applications of Smart Drug Delivery Systems: 

Smart drug delivery systems have been extensively studied for various applications, including cancer therapy, 

diabetes, cardiovascular diseases, and neurodegenerative diseases. These systems have shown promising 

results in preclinical and clinical studies and have the potential to revolutionize the field of drug delivery. Some 

examples of the applications of smart drug delivery systems are: 

Cancer Therapy: 

Smart drug delivery systems such as liposomes, polymer-based drug delivery systems, and magnetic 

nanoparticles have been extensively studied for cancer therapy. These systems can be designed to target tumor 

tissues, improve drug efficacy, and minimize side effects. 

Diabetes: 

Smart drug delivery systems such as polymer-based drug delivery systems and hydrogels have been studied for 

diabetes treatment. These systems can be designed to release insulin in a controlled and targeted manner, 

improving therapeutic outcomes and patient compliance. 

Cardiovascular Diseases: 

Smart drug delivery systems such as polymer-based drug delivery systems and liposomes have been studied 

for cardiovascular diseases. These systems can be designed to target specific sites in the body, such as the heart, 

and release drugs in a controlled manner, improving therapeutic outcomes. 

Neurodegenerative Diseases: 

Smart drug delivery systems such as dendrimers and liposomes have been studied for neurodegenerative 

diseases. These 

Biomaterials: 

Biomaterials are materials that interact with biological systems. These materials can be used to deliver drugs, 

regenerate tissue, and stimulate the immune system. Examples include silk fibroin, collagen, and hyaluronic 

acid. These materials can be functionalized with drugs and other molecules, and can be used to create scaffolds 

for tissue engineering. 

Biomaterials drug delivery systems have gained considerable attention in recent years due to their ability to 

provide controlled and targeted drug release. Biomaterials can be synthetic or natural substances that can be 

used to construct drug delivery systems. They can be used as a scaffold or carrier for the drug, which is released 

in a controlled manner over time. In this article, we will review the different types of biomaterials used in drug 

delivery systems and their applications. 

Types of Biomaterials: 

Biomaterials can be classified into two categories: natural and synthetic biomaterials. Natural biomaterials are 

derived from living organisms, while synthetic biomaterials are created in a laboratory. 

Natural Biomaterials: 

Natural biomaterials such as collagen, chitosan, and hyaluronic acid are widely used in drug delivery systems 

due to their biocompatibility, biodegradability, and low toxicity. Collagen, for example, is a protein found in 

connective tissue and has been used as a drug carrier for many years. Chitosan is derived from chitin, a natural 

polymer found in the exoskeleton of crustaceans. It has been extensively studied as a drug delivery system due 
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to its mucoadhesive properties and ability to penetrate biological barriers. Hyaluronic acid, on the other hand, 

is a polysaccharide found in the extracellular matrix of connective tissue. It has been used in drug delivery 

systems due to its biocompatibility and ability to target specific cells. 

Synthetic Biomaterials: 

Synthetic biomaterials such as poly(lactic-co-glycolic acid) (PLGA) and polyethylene glycol (PEG) are also 

widely used in drug delivery systems. PLGA is a biodegradable and biocompatible polymer that has been 

extensively studied in drug delivery due to its ability to encapsulate both hydrophilic and hydrophobic drugs. 

PEG is a hydrophilic polymer that is often used to modify the surface of drug delivery systems to increase their 

circulation time. 

Applications of Biomaterials Drug Delivery Systems: 

Biomaterials drug delivery systems have a wide range of applications in medicine. They can be used to deliver 

drugs to specific sites in the body, such as tumors or inflamed tissue. They can also be used to improve the 

pharmacokinetics of drugs, by controlling their release and reducing their toxicity. Biomaterials drug delivery 

systems have been used to deliver a variety of drugs, including anticancer agents, antibiotics, and hormones. 

Conclusion: 

In conclusion, biomaterials drug delivery systems have the potential to revolutionize the way drugs are 

delivered in medicine. They offer many advantages over traditional drug delivery methods, such as improved 

drug targeting, controlled release, and reduced toxicity. However, more research is needed to fully understand 

the potential of biomaterials drug delivery systems and to develop new biomaterials that can meet the specific 

needs of different applications. 

II. CONCLUSION 

Drug delivery system 

Drug delivery systems have the potential to revolutionize medicine by improving the safety and efficacy of 

therapeutic agents. Targeted drug delivery, gene therapy, and drug repurposing are promising areas of 

research that are rapidly evolving. Future research will focus on improving the specificity and efficiency of DDS, 

as well as developing new methods for delivery. 
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