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Abstract 
Nanotechnology has significantly transformed drug delivery systems, enhancing drug efficacy, specificity, 

and safety. This research delves into the various applications of nanotechnology in drug delivery, focusing on 

different nanocarriers such as nanoparticles, liposomes, dendrimers, and nanogels. These nanocarriers 

improve drug bioavailability, enable targeted delivery, and reduce adverse effects. The mechanisms of 

passive and active targeting, as well as stimuli-responsive delivery, are explored. Clinical applications, 

particularly in cancer therapy, cardiovascular diseases, and infectious diseases, are highlighted with specific 

examples. The paper also addresses the challenges in biocompatibility, scalability, and regulatory approval, 

emphasizing the need for ongoing research and collaboration to advance nanotechnology-based drug 

delivery systems. 
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Introduction 

Nanotechnology, defined as the manipulation of 

matter at the atomic and molecular scale, has 

emerged as a transformative force in various fields, 

including medicine. In the realm of drug delivery, 

nanotechnology promises to address many of the 

limitations associated with conventional drug 

delivery systems, such as poor solubility, 

instability, lack of specificity, and systemic side 

effects. By engineering materials at the nanometer 

scale, researchers can develop novel drug delivery 

systems that offer enhanced therapeutic efficacy, 

precision, and safety. 

Background and Significance 

Traditional drug delivery methods often face 

challenges such as rapid degradation of drugs in the 

bloodstream, non-specific distribution leading to 

adverse side effects, and insufficient concentration 

of drugs reaching the target tissues. These issues 

necessitate higher drug doses, which can further 

exacerbate side effects and reduce patient 

compliance. The advent of nanotechnology offers a 

paradigm shift by providing sophisticated platforms 

for the delivery of therapeutic agents with 

improved control over drug release profiles, 

enhanced stability, and targeted delivery 

capabilities. 

Definition and Scope 

Nanotechnology in drug delivery involves the 

design, synthesis, and application of nanocarriers 

that can encapsulate drugs, protect them from 

degradation, and deliver them specifically to 

diseased tissues or cells. Nanocarriers are typically 

characterized by their size, shape, surface 

properties, and the ability to respond to external 

stimuli. The most commonly studied nanocarriers 

include nanoparticles, liposomes, dendrimers, and 

nanogels. 

 Nanoparticles: These are solid, colloidal 

particles ranging from 10 to 1000 nanometers 

in size. They can be made from polymers, 

lipids, metals, or ceramics and are capable of 

controlled drug release and targeted delivery. 

 Liposomes: These are spherical vesicles with 

one or more phospholipid bilayers, capable of 

encapsulating both hydrophilic and 

hydrophobic drugs, enhancing their solubility 

and stability. 

 Dendrimers: These are highly branched, tree-

like macromolecules with a well-defined 

structure, offering multiple functional groups 

for drug encapsulation or surface attachment. 

 Nanogels: These are cross-linked polymer 

networks that can swell in the presence of 

water, providing a flexible and biocompatible 

matrix for drug delivery, often responding to 

specific physiological stimuli. 

Mechanisms of Nanocarrier Drug Delivery 

Nanocarriers can enhance drug delivery through 

various mechanisms: 

 Passive Targeting: Utilizing the enhanced 

permeability and retention (EPR) effect, where 

nanoparticles accumulate in tumor tissues due 

to their leaky vasculature and poor lymphatic 

drainage. 

 Active Targeting: Functionalizing 

nanocarriers with ligands that specifically bind 

to receptors on target cells, thereby enhancing 

the selectivity and uptake by diseased cells. 

 Stimuli-responsive Delivery: Designing 

nanocarriers that release their payload in 

response to specific internal or external stimuli, 

such as pH, temperature, or magnetic fields, 

ensuring precise drug delivery at the desired 

site. 

 



Vidyabharati International Interdisciplinary Research Journal 18(1) Mar.2024 - May.2024                  ISSN 2319-4979 

    

www.viirj.org | 80 

Clinical Relevance and Applications 

Nanotechnology-based drug delivery systems have 

shown significant promise in various therapeutic 

areas. In cancer therapy, for instance, nanocarriers 

can deliver chemotherapeutic agents directly to 

tumor cells, minimizing damage to healthy tissues 

and reducing side effects. In cardiovascular 

diseases, nanoparticles can target atherosclerotic 

plaques to deliver drugs that reduce inflammation 

and stabilize plaques. Additionally, nanotechnology 

is being explored for the treatment of infectious 

diseases by improving the delivery and efficacy of 

antimicrobial agents. 

Objectives and Structure of the Research 

This research aims to provide a comprehensive 

overview of the applications of nanotechnology in 

drug delivery systems. The specific objectives 

include: 

1. Characterizing different types of 

nanocarriers used in drug delivery, including 

their design, mechanisms of action, and 

advantages. 

2. Exploring the mechanisms of drug delivery 

and targeting, with a focus on passive targeting, 

active targeting, and stimuli-responsive 

delivery. 

Types of Nanocarriers in Drug Delivery 

Nanocarriers are engineered materials at the 

nanoscale that can encapsulate drugs and enhance 

their delivery to specific sites within the body. The 

unique properties of nanocarriers, such as their 

small size, large surface area-to-volume ratio, and 

the ability to modify their surface characteristics, 

make them highly suitable for drug delivery 

applications. The main types of nanocarriers used 

in drug delivery include nanoparticles, liposomes, 

dendrimers, and nanogels. Each of these 

nanocarriers has distinct characteristics and 

advantages, making them suitable for different 

therapeutic applications. 

1. Nanoparticles 

Nanoparticles are solid, colloidal particles ranging 

from 10 to 1000 nanometers in size. They can be 

fabricated from a variety of materials, including 

polymers, lipids, metals, and ceramics. 

Nanoparticles offer numerous benefits for drug 

delivery, such as controlled drug release, protection 

of encapsulated drugs from degradation, and the 

ability to target specific tissues or cells. 

1.1 Polymeric Nanoparticles 

Polymeric nanoparticles are made from 

biodegradable and biocompatible polymers such as 

polylactic acid (PLA), polyglycolic acid (PGA), 

and their copolymers (PLGA). These nanoparticles 

can encapsulate both hydrophilic and hydrophobic 

drugs, providing sustained and controlled release. 

 Advantages: Biodegradable, low toxicity, 

versatile drug loading. 

 Applications: Cancer therapy, vaccination, 

gene delivery. 

1.2 Lipid-based Nanoparticles 

Lipid-based nanoparticles, including solid lipid 

nanoparticles (SLNs) and nanostructured lipid 

carriers (NLCs), consist of lipids that are solid at 

room temperature. These nanoparticles provide a 

stable matrix for drug encapsulation and can 

enhance the bioavailability of poorly water-soluble 

drugs. 

 Advantages: Biocompatibility, protection 

of labile drugs, enhanced drug stability. 

 Applications: Delivery of anticancer 

drugs, vaccines, and anti-inflammatory 

agents. 

1.3 Metallic Nanoparticles 

Metallic nanoparticles, such as gold and silver 

nanoparticles, possess unique optical, electronic, 

and catalytic properties. These properties make 

them suitable for diagnostic and therapeutic 

applications. Metallic nanoparticles can be 

functionalized with drugs, targeting ligands, and 

imaging agents for combined therapeutic and 

diagnostic (theranostic) applications. 

 Advantages: Unique optical properties, 

ease of functionalization, potential for 

theranostics. 

 Applications: Cancer therapy, imaging, 

antimicrobial treatments. 

2. Liposomes 

Liposomes are spherical vesicles composed of one 

or more phospholipid bilayers, which can 

encapsulate hydrophilic drugs in their aqueous core 

and hydrophobic drugs within the lipid bilayer. 

Liposomes enhance the solubility, stability, and 

bioavailability of drugs and can be engineered to 

target specific tissues or cells. 

2.1 Conventional Liposomes 

Conventional liposomes are made from natural 

phospholipids and cholesterol. They are 

biocompatible and biodegradable but may be 

rapidly cleared by the reticuloendothelial system 

(RES). 

 Advantages: Biocompatibility, ability to 

encapsulate a wide range of drugs. 

 Applications: Delivery of anticancer 

drugs, antifungal agents, and vaccines. 

2.2 Stealth Liposomes 

Stealth liposomes are modified with polyethylene 

glycol (PEG) to evade recognition and clearance by 

the RES. This modification prolongs their 
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circulation time in the bloodstream, allowing for 

improved drug delivery to target sites. 

 Advantages: Prolonged circulation time, 

reduced immunogenicity. 

 Applications: Cancer therapy, infectious 

diseases. 

2.3 Targeted Liposomes 

Targeted liposomes are conjugated with ligands, 

such as antibodies, peptides, or small molecules, 

that specifically bind to receptors on the surface of 

target cells. This targeting strategy enhances the 

accumulation of liposomes at the disease site, 

reducing off-target effects. 

 Advantages: Enhanced targeting 

efficiency, reduced side effects. 

 Applications: Targeted cancer therapy, 

targeted delivery of anti-inflammatory 

drugs. 

3. Dendrimers 

Dendrimers are highly branched, tree-like 

macromolecules with a well-defined structure and 

multiple functional groups on their surface. They 

can encapsulate drugs within their interior cavities 

or attach drugs to their surface groups. Dendrimers 

offer precise control over drug loading and release 

and can be functionalized for targeted delivery. 

3.1 Poly(amidoamine) (PAMAM) Dendrimers 

PAMAM dendrimers are the most extensively 

studied dendrimers for drug delivery. They are 

biocompatible and can be synthesized with various 

surface functionalities to enhance drug solubility, 

stability, and targeting. 

 Advantages: High drug loading capacity, 

precise molecular structure. 

 Applications: Gene delivery, targeted 

cancer therapy, diagnostic imaging. 

4. Nanogels 

Nanogels are cross-linked polymer networks that 

can swell in the presence of water. They offer a 

high degree of flexibility, biocompatibility, and the 

ability to encapsulate a wide range of therapeutic 

agents. Nanogels can respond to external stimuli, 

such as pH, temperature, and light, to trigger drug 

release. 

4.1 Temperature-sensitive Nanogels 

Temperature-sensitive nanogels undergo a phase 

transition in response to changes in temperature, 

making them suitable for controlled drug release in 

response to the local physiological environment. 

 Advantages: Controlled release, 

responsiveness to physiological conditions. 

 Applications: Targeted cancer therapy, 

controlled release of proteins and peptides. 

4.2 pH-sensitive Nanogels 

pH-sensitive nanogels are designed to release their 

payload in response to the acidic environment of 

tumor tissues or intracellular compartments. This 

targeted release enhances the therapeutic efficacy 

and reduces side effects. 

 Advantages: Targeted drug release, 

reduced systemic toxicity. 

 Applications: Cancer therapy, treatment of 

inflammatory diseases. 

  

The diverse types of nanocarriers available for drug 

delivery offer unique advantages and are suitable 

for various therapeutic applications. Polymeric 

nanoparticles, lipid-based nanoparticles, metallic 

nanoparticles, liposomes, dendrimers, and nanogels 

each have distinct properties that can be harnessed 

to improve the delivery, efficacy, and safety of 

drugs. Continued research and development in this 

field are essential to overcome existing challenges 

and to fully exploit the potential of nanotechnology 

in drug delivery. 

2. Liposomes 

Liposomes are spherical vesicles composed of one 

or more phospholipid bilayers. They can 

encapsulate hydrophilic drugs in their aqueous core 

and hydrophobic drugs within the lipid bilayer. 

Liposomes enhance the solubility, stability, and 

bioavailability of drugs and can be engineered to 

target specific tissues or cells. 

2.1 Conventional Liposomes 

Conventional liposomes are composed of natural 

phospholipids and cholesterol. They are 

biocompatible and biodegradable but may be 

rapidly cleared by the reticuloendothelial system 

(RES). 

2.2 Stealth Liposomes 

Stealth liposomes are modified with polyethylene 

glycol (PEG) to evade recognition and clearance by 

the RES. This modification prolongs their 

circulation time in the bloodstream, allowing for 

improved drug delivery to target sites. 

2.3 Targeted Liposomes 

Targeted liposomes are conjugated with ligands, 

such as antibodies, peptides, or small molecules, 

that specifically bind to receptors on the surface of 

target cells. This targeting strategy enhances the 

accumulation of liposomes at the disease site, 

reducing off-target effects. 

3. Dendrimers 

Dendrimers are highly branched, tree-like 

macromolecules with a well-defined structure and 

multiple functional groups on their surface. They 

can encapsulate drugs within their interior cavities 

or attach drugs to their surface groups. Dendrimers 

offer precise control over drug loading and release 

and can be functionalized for targeted delivery. 
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3.1 Poly(amidoamine) (PAMAM) Dendrimers 

PAMAM dendrimers are the most extensively 

studied dendrimers for drug delivery. They are 

biocompatible and can be synthesized with various 

surface functionalities to enhance drug solubility, 

stability, and targeting. 

4. Nanogels 

Nanogels are cross-linked polymer networks that 

can swell in the presence of water. They offer a 

high degree of flexibility, biocompatibility, and the 

ability to encapsulate a wide range of therapeutic 

agents. Nanogels can respond to external stimuli, 

such as pH, temperature, and light, to trigger drug 

release. 

4.1 Temperature-sensitive Nanogels 

Temperature-sensitive nanogels undergo a phase 

transition in response to changes in temperature, 

making them suitable for controlled drug release in 

response to the local physiological environment. 

4.2 pH-sensitive Nanogels 

pH-sensitive nanogels are designed to release their 

payload in response to the acidic environment of 

tumor tissues or intracellular compartments. This 

targeted release enhances the therapeutic efficacy 

and reduces side effects. 

Mechanisms of Drug Delivery and Targeting 

1. Passive Targeting 

Passive targeting relies on the enhanced 

permeability and retention (EPR) effect, where 

nanoparticles accumulate in tumor tissues due to 

their leaky vasculature and poor lymphatic 

drainage. This mechanism is particularly useful for 

delivering chemotherapeutic agents to solid tumors. 

2. Active Targeting 

Active targeting involves the functionalization of 

nanocarriers with ligands that specifically bind to 

receptors on the surface of target cells. This 

approach enhances the selectivity and uptake of 

nanocarriers by diseased cells, improving 

therapeutic outcomes. 

3. Stimuli-responsive Delivery 

Stimuli-responsive nanocarriers release their 

payload in response to specific external or internal 

stimuli, such as pH, temperature, light, or magnetic 

fields. This controlled release mechanism ensures 

that the drug is delivered at the right time and 

place, minimizing side effects. 

Clinical Applications and Case Studies 

1. Cancer Therapy 

Nanotechnology has significantly impacted cancer 

therapy by providing targeted and efficient delivery 

of chemotherapeutic agents. Examples include: 

1.1 Doxil® 

Doxil® is a PEGylated liposomal formulation of 

doxorubicin, an anticancer drug. The PEGylation 

extends its circulation time, allowing for better 

accumulation in tumors via the EPR effect. Doxil® 

has shown improved efficacy and reduced 

cardiotoxicity compared to conventional 

doxorubicin. 

1.2 Abraxane® 

Abraxane® is a nanoparticle albumin-bound 

formulation of paclitaxel. This formulation 

enhances the solubility and delivery of paclitaxel to 

tumor cells, leading to improved therapeutic 

outcomes in breast cancer and other solid tumors. 

2. Cardiovascular Diseases 

Nanotechnology is also being explored for the 

treatment of cardiovascular diseases, such as 

atherosclerosis and myocardial infarction. 

2.1 Nanoparticle-based Drug Delivery 

Nanoparticles can be designed to target 

atherosclerotic plaques and deliver drugs that 

reduce inflammation and promote plaque 

stabilization. This targeted approach minimizes 

systemic side effects and enhances therapeutic 

efficacy. 

3. Infectious Diseases 

Nanotechnology offers promising solutions for the 

treatment of infectious diseases by improving the 

delivery and efficacy of antimicrobial agents. 

3.1 Liposomal Amphotericin B 

Liposomal formulations of amphotericin B, such as 

AmBisome®, have been developed to treat fungal 

infections. These formulations reduce the 

nephrotoxicity associated with conventional 

amphotericin B while maintaining its antifungal 

activity. 

Challenges and Future Directions 

1. Biocompatibility and Safety 

Ensuring the biocompatibility and safety of 

nanocarriers is crucial for their clinical translation. 

Extensive studies on the long-term toxicity, 

biodistribution, and clearance of nanocarriers are 

needed. 

2. Scalability and Manufacturing 

The large-scale production of nanocarriers with 

consistent quality and reproducibility remains a 

challenge. Developing scalable and cost-effective 

manufacturing processes is essential for the 

commercialization of nanotechnology-based drug 

delivery systems. 

3. Regulatory Hurdles 

Navigating the regulatory landscape for 

nanomedicines is complex, requiring 

comprehensive preclinical and clinical evaluation 

to ensure safety and efficacy. Collaboration 

between regulatory agencies, researchers, and 

industry is necessary to establish standardized 

guidelines. 

Conclusion 

Nanotechnology has profoundly impacted the field 

of drug delivery, offering innovative solutions to 
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many of the challenges associated with 

conventional drug administration. The development 

and application of various nanocarriers, including 

nanoparticles, liposomes, dendrimers, and 

nanogels, have demonstrated significant potential in 

enhancing drug efficacy, specificity, and safety. 

These nanocarriers enable controlled drug release, 

protect therapeutic agents from degradation, and 

allow for targeted delivery to specific tissues or 

cells, thereby minimizing side effects and 

improving therapeutic outcomes. 
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