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Abstract 

Nanotechnology has revolutionized pharmaceutical chemistry, particularly in 

the realm of targeted drug delivery systems. This paper delves into the 

advancements in nano formulations, exploring their potential to enhance the 

efficacy and safety of therapeutic agents. By focusing on the design and 

development of nanocarriers, such as liposomes, dendrimers, and polymeric 

nanoparticles, we analyze how these systems improve drug solubility, stability, 

and controlled release. Furthermore, we examine the challenges associated 

with the clinical translation of these nano formulations, including scalability, 

regulatory hurdles, and potential toxicity. The integration of nanotechnology 

in drug formulation represents a paradigm shift, promising significant 

improvements in patient outcomes. 
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INTRODUCTION 

Nanotechnology has revolutionized various fields, including medicine, by enabling the 

development of novel drug delivery systems. Nano formulations refer to pharmaceutical 

formulations that incorporate nanoparticles to enhance the delivery and efficacy of 

therapeutic agents. Targeted drug delivery using nano formulations is an emerging area of 

research aimed at improving the specificity, efficacy, and safety of treatments. This approach 

minimizes systemic side effects and enhances the therapeutic index of drugs by directing 

them precisely to the diseased tissues or cells. 



Journal of Pharmaceutical Chemistry and Drug formulation 

Volume 6, Issue 2, May-August, 2024    
 
 

68 Page 67-80 © MANTECH PUBLICATIONS 2024. All Rights Reserved. 
 

 

The concept of using nanoparticles for drug delivery hinges on their unique properties, such 

as small size, large surface area, and the ability to be engineered for controlled release. These 

properties enable nanoparticles to navigate biological barriers, deliver drugs at a controlled 

rate, and release them in response to specific physiological triggers. The advancements in this 

field have been fueled by innovations in materials science, chemistry, and biotechnology, 

leading to the development of various types of nano formulations, including liposomes, 

polymeric nanoparticles, dendrimers, and metallic nanoparticles. 

 

LITERATURE REVIEW 

Historical Background 

The journey of nano formulations in targeted drug delivery can be traced back to the early 

1960s when liposomes were first described by Alec D. Bangham. Liposomes are spherical 

vesicles composed of phospholipid bilayers, which can encapsulate both hydrophilic and 

hydrophobic drugs, providing a versatile platform for drug delivery. The initial enthusiasm 

for liposomes led to extensive research and several commercial liposomal drug formulations. 

In the 1980s, the development of polymeric nanoparticles further expanded the scope of nano 

formulations. These nanoparticles, made from biodegradable polymers such as polylactic acid 

(PLA) and polylactic-co-glycolic acid (PLGA), offered controlled drug release and 

biocompatibility. Concurrently, dendrimers—branched, tree-like macromolecules—emerged 

as another promising class of nanocarriers due to their well-defined structure and high drug-

loading capacity. 

 

Recent Advances 

In recent years, significant advancements have been made in the field of nano formulations. 

The integration of nanotechnology with molecular biology and materials science has led to 

the development of smart nanoparticles capable of responding to specific biological signals. 

These advancements include: 

1. Stimuli-responsive Nanoparticles: These nanoparticles can release their drug payload in 

response to specific stimuli such as pH, temperature, or enzymes. For example, pH-

sensitive nanoparticles release drugs in the acidic environment of tumors, enhancing the 

therapeutic effect while minimizing damage to healthy tissues. 
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2. Active Targeting Nanoparticles: These nanoparticles are functionalized with ligands 

such as antibodies, peptides, or small molecules that specifically bind to receptors over 

expressed on target cells. This active targeting enhances the specificity and efficacy of 

drug delivery. 

3. Multifunctional Nanoparticles: These nanoparticles are designed to perform multiple 

functions, such as imaging, diagnosis, and therapy, simultaneously. For instance, 

theranostic nanoparticles combine therapeutic and diagnostic capabilities, enabling real-

time monitoring of treatment response. 

 

CHALLENGES 

Despite the remarkable progress in the development of nano formulations for targeted drug 

delivery, several challenges remain: 

1. Biocompatibility and Toxicity: The safety of nanoparticles is a major concern. While 

many nanoparticles are designed to be biocompatible, their long-term effects on human 

health and the environment need thorough investigation. 

2. Scalability and Manufacturing: The production of nanoparticles with consistent quality 

and at a large scale is challenging. Manufacturing processes must be optimized to ensure 

the reproducibility and scalability of nano formulations. 

3. Regulatory Hurdles: The regulatory framework for nanomedicines is still evolving. 

Rigorous testing and validation are required to ensure the safety and efficacy of nano 

formulations, which can delay their clinical translation. 

4. Stability and Storage: The stability of nano formulations during storage and 

transportation is critical. Nanoparticles can aggregate or degrade over time, affecting their 

efficacy and safety. 

 

SCOPE 

The future of nano formulations for targeted drug delivery is promising, with several areas of 

research showing great potential: 

1. Personalized Medicine: Nano formulations can be tailored to individual patients based 

on their genetic and molecular profiles, leading to personalized treatment strategies that 

improve outcomes and reduce adverse effects. 



Journal of Pharmaceutical Chemistry and Drug formulation 

Volume 6, Issue 2, May-August, 2024    
 
 

70 Page 67-80 © MANTECH PUBLICATIONS 2024. All Rights Reserved. 
 

2. Combination Therapy: Nanoparticles can co-deliver multiple drugs, enabling 

combination therapy that targets multiple pathways in a disease, such as cancer. This 

approach can enhance therapeutic efficacy and overcome drug resistance. 

3. Gene Therapy: Nanoparticles can be used to deliver genetic material, such as DNA or  

RNA, for the treatment of genetic disorders. Advances in gene editing technologies, such 

as CRISPR/Cas9, can be harnessed with nano particle delivery systems for precise and 

effective gene therapy. 

4. Immunotherapy: Nanoparticles can be designed to modulate the immune system, 

enhancing the body's natural defenses against diseases like cancer and infectious diseases. 

Nanoparticle-based vaccines and immunomodulatory agents are an active area of 

research. 

5. Targeting Challenging Diseases: Nano formulations have the potential to address 

diseases that are difficult to treat with conventional therapies, such as neurological 

disorders and infectious diseases. Nanoparticles can cross biological barriers, such as the 

blood-brain barrier, enabling targeted delivery to the brain. 

 

MECHANISMS OF TARGETED DRUG DELIVERY 

Understanding the mechanisms of targeted drug delivery is crucial for the design and 

development of effective nano formulations. Targeted drug delivery can be achieved through 

passive and active targeting mechanisms. 

 

Passive Targeting 

Passive targeting exploits the unique physiological characteristics of diseased tissues, such as 

tumors. The Enhanced Permeability and Retention (EPR) effect is a well-known passive 

targeting mechanism. Tumors have leaky vasculature and poor lymphatic drainage, allowing 

nanoparticles to accumulate preferentially in tumor tissues. This effect is particularly useful 

for the delivery of chemotherapeutic agents, enhancing their concentration in the tumor while 

reducing systemic toxicity. 

 

Active Targeting 

Active targeting involves the functionalization of nanoparticles with ligands that specifically 

bind to receptors overexpressed on target cells. These ligands can include antibodies, 
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peptides, aptamers, and small molecules. Active targeting enhances the specificity of drug 

delivery, allowing nanoparticles to selectively bind to and be internalized by target cells. 

 

Nanoparticle Design and Engineering 

The design and engineering of nanoparticles play a critical role in their performance as drug  

delivery systems. Key parameters include size, shape, surface charge, and surface 

functionalization. 

1. Size: The size of nanoparticles influences their biodistribution, cellular uptake, and 

clearance from the body. Typically, nanoparticles in the size range of 10-200 nm are 

optimal for drug delivery, as they can circulate in the bloodstream for extended periods 

and effectively penetrate tissues. 

2. Shape: The shape of nanoparticles affects their cellular uptake and biodistribution. 

Spherical nanoparticles are the most common, but other shapes, such as rods, cubes, and 

discs, have been explored. Non-spherical nanoparticles may offer advantages in terms of 

cellular uptake and circulation time. 

3. Surface Charge: The surface charge of nanoparticles influences their interaction with 

biological membranes and proteins. Positively charged nanoparticles tend to have higher 

cellular uptake, but may also exhibit higher toxicity. Surface modification with neutral or 

hydrophilic polymers, such as polyethylene glycol (PEG), can improve biocompatibility 

and reduce non-specific interactions. 

4. Surface Functionalization: The surface of nanoparticles can be functionalized with 

targeting ligands, stealth coatings, and stimuli-responsive moieties. This functionalization 

enhances the specificity, stability, and responsiveness of nanoparticles, enabling targeted 

and controlled drug delivery. 

 

TYPES OF NANO FORMULATIONS 

Several types of nano formulations have been developed for targeted drug delivery, each with 

its unique advantages and applications. 

 

Liposomes 

Liposomes are spherical vesicles composed of one or more phospholipid bilayers. They can 

encapsulate both hydrophilic and hydrophobic drugs, providing a versatile platform for drug 
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delivery. Liposomes can be modified with PEG to improve their circulation time (stealth 

liposomes) and with targeting ligands to enhance specificity. 

 

Polymeric Nanoparticles 

Polymeric nanoparticles are made from biodegradable and biocompatible polymers, such as 

PLA, PLGA, and polycaprolactone (PCL). These nanoparticles offer controlled drug release 

and can be engineered for targeted delivery. Polymeric nanoparticles are widely used for the 

delivery of small molecules, proteins, and nucleic acids. 

 

Dendrimers 

Dendrimers are highly branched, tree-like macromolecules with a well-defined structure and 

multiple functional groups on their surface. They have a high drug-loading capacity and can 

be functionalized with targeting ligands. Dendrimers are used for the delivery of small 

molecules, peptides, and nucleic acids. 

 

Metallic Nanoparticles 

Metallic nanoparticles, such as gold and silver nanoparticles, have unique optical and 

electronic properties that can be exploited for drug delivery and imaging. These nanoparticles 

can be functionalized with targeting ligands and drugs, enabling targeted and multifunctional 

delivery systems. 

 

Solid Lipid Nanoparticles 

Solid lipid nanoparticles (SLNs) are composed of solid lipids, providing a stable matrix for 

drug encapsulation. SLNs offer controlled drug release and improved stability compared to 

traditional lipid-based systems. They are used for the delivery of hydrophobic drugs and have 

potential applications in oral and topical drug delivery. 

 

Nanostructured Lipid Carriers 

Nanostructured lipid carriers (NLCs) are an advanced version of SLNs, incorporating a blend 

of solid and liquid lipids. This structure improves drug loading and release properties. NLCs 

are used for the delivery of a wide range of drugs, including poorly soluble compounds. 

 

APPLICATIONS IN CANCER THERAPY 
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Cancer therapy is one of the most extensively studied applications of nano formulations for 

targeted drug delivery. Nanoparticles offer several advantages for cancer treatment, including 

enhanced drug solubility, controlled release, and targeted delivery. 

Chemotherapy 

Nanoparticles can encapsulate chemotherapeutic agents, improving their solubility and 

stability. Targeted delivery using nanoparticles enhances the concentration of drugs in tumors 

while minimizing systemic toxicity. For example, liposomal doxorubicin (Doxil) is a 

clinically approved formulation that reduces the cardiotoxicity of doxorubicin by 

encapsulating it in liposomes. 

 

Photothermal Therapy 

Metallic nanoparticles, such as gold nanoparticles, can be used for photothermal therapy 

(PTT). These nanoparticles absorb near-infrared (NIR) light and convert it into heat, 

selectively killing cancer cells. PTT offers a non-invasive and precise treatment option for 

tumors. 

 

Gene Therapy 

Nanoparticles can deliver genetic material, such as small interfering RNA (siRNA) and 

CRISPR/Cas9, for cancer therapy. This approach allows for the targeted silencing of 

oncogenes or the correction of genetic mutations. Lipid nanoparticles (LNPs) are commonly 

used for nucleic acid delivery due to their ability to encapsulate and protect genetic material. 

 

Immunotherapy 

Nanoparticles can modulate the immune system to enhance anti-tumor immunity. For 

example, nanoparticles can deliver immune checkpoint inhibitors, such as anti-PD-1 

antibodies, to the tumor microenvironment, enhancing the immune response against cancer 

cells. Additionally, nanoparticles can be used to deliver cancer vaccines, promoting the 

activation of tumor-specific T cells. 

 

APPLICATIONS IN INFECTIOUS DISEASES 

Nano formulations offer innovative solutions for the treatment of infectious diseases, 

addressing challenges such as drug resistance and poor bioavailability. 
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Antibacterial Therapy 

Nanoparticles can enhance the delivery and efficacy of antibiotics, overcoming bacterial 

resistance mechanisms. Silver nanoparticles, for example, exhibit intrinsic antibacterial 

properties and can be combined with antibiotics to enhance their effectiveness. Nanoparticles 

can also target bacterial biofilms, which are resistant to conventional antibiotics. 

 

Antiviral Therapy 

Nanoparticles can improve the delivery of antiviral drugs, enhancing their efficacy and 

reducing side effects. For example, liposomal formulations of antiviral drugs, such as 

amphotericin B, have been developed to improve their solubility and reduce toxicity. 

Additionally, nanoparticles can be used for the targeted delivery of antiviral nucleic acids, 

such as siRNA, to inhibit viral replication. 

 

Vaccines 

Nanoparticles can be used as vaccine carriers, enhancing the immune response and providing 

controlled release of antigens. Lipid nanoparticles (LNPs) have been used to deliver mRNA 

vaccines, such as the COVID-19 vaccines developed by Pfizer-BioNTech and Moderna. 

These vaccines have shown high efficacy and rapid development timelines, highlighting the 

potential of nanoparticles in vaccine delivery. 

 

APPLICATIONS IN NEUROLOGICAL DISORDERS 

Nanoparticles offer potential solutions for the treatment of neurological disorders by enabling 

targeted delivery across the blood-brain barrier (BBB). 

 

Alzheimer’s disease 

Nanoparticles can be used to deliver drugs and diagnostic agents to the brain, targeting 

amyloid plaques and tau tangles associated with Alzheimer’s disease. For example, 

liposomes and polymeric nanoparticles have been used to deliver drugs such as curcumin and 

rivastigmine to the brain, improving their therapeutic efficacy. 

 

Parkinson’s disease 

Nanoparticles can enhance the delivery of drugs such as levodopa and dopamine agonists to 

the brain, improving their bioavailability and reducing side effects. Additionally, 
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nanoparticles can be used for the delivery of neuroprotective agents and gene therapy vectors 

to target the underlying causes of Parkinson’s disease. 

 

Brain Tumors 

Nanoparticles can be designed to cross the BBB and deliver chemotherapeutic agents directly 

to brain tumors, improving their efficacy and reducing systemic toxicity. For example, gold 

nanoparticles and polymeric nanoparticles have been used for the targeted delivery of drugs 

such as temozolomide and paclitaxel to brain tumors. 

 

APPLICATIONS IN CARDIOVASCULAR DISEASES 

Nano formulations have the potential to improve the treatment of cardiovascular diseases by 

enhancing the delivery and efficacy of therapeutic agents. 

 

Atherosclerosis 

Nanoparticles can be used to deliver drugs that target atherosclerotic plaques, reducing 

inflammation and preventing plaque progression. For example, lipid nanoparticles and 

polymeric nanoparticles have been used to deliver anti-inflammatory drugs such as 

dexamethasone and statins to atherosclerotic lesions. 

 

Myocardial Infarction 

Nanoparticles can enhance the delivery of drugs and regenerative therapies to the heart 

following myocardial infarction. For example, nanoparticles can deliver growth factors, stem 

cells, and miRNAs to the infarcted myocardium, promoting tissue repair and regeneration. 

 

Hypertension 

Nanoparticles can improve the delivery and efficacy of antihypertensive drugs, reducing their 

side effects and enhancing patient compliance. For example, polymeric nanoparticles and 

liposomes have been used to deliver drugs such as captopril and nifedipine, improving their 

bioavailability and therapeutic effect. 

 

Table 1: Types of Nano formulations and Their Applications 

Type of Nano formulation Composition Applications 
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Type of Nano formulation Composition Applications 

Liposomes Phospholipid bilayers 
Cancer therapy, infectious diseases, 

vaccines 

Polymeric Nanoparticles 
Biodegradable 

polymers 

Drug delivery, gene therapy, 

immunotherapy 

Dendrimers 
Branched 

macromolecules 
Drug delivery, imaging, gene therapy 

Metallic Nanoparticles Gold, silver 
Photothermal therapy, antibacterial 

therapy, imaging 

Solid Lipid Nanoparticles Solid lipids 
Drug delivery, oral and topical 

formulations 

Nanostructured Lipid 

Carriers 

Solid and liquid 

lipids 
Drug delivery, poorly soluble drugs 
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Figure 1: Mechanisms of Targeted Drug Delivery 

 

Table 2: Applications of Nano formulations in Disease Treatment 

Disease Area Nano formulation Type Example Applications 

Cancer 
Liposomes, polymeric 

nanoparticles 

Chemotherapy, photothermal therapy, 

gene therapy 

Infectious Diseases 
Metallic nanoparticles, 

liposomes 

Antibacterial therapy, antiviral therapy, 

vaccines 

Neurological 

Disorders 

Liposomes, polymeric 

nanoparticles 

Alzheimer’s disease, Parkinson’s 

disease, brain tumors 

Cardiovascular 

Diseases 

Polymeric nanoparticles, 

liposomes 

Atherosclerosis, myocardial infarction, 

hypertension 

 

 
Figure 2: Structure of Common Nano formulations 
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FUTURE DIRECTIONS 

The field of nano formulations for targeted drug delivery is rapidly evolving, with several 

exciting future directions: 

1. Advanced Materials: The development of novel materials with enhanced properties,  

such as stimuli-responsiveness and biodegradability, will enable the design of more 

effective and safer nano formulations. 

2. Nanomedicine and Personalized Therapy: Integrating nanomedicine with 

personalized therapy approaches will allow for the development of tailored treatment 

strategies based on individual patient profiles, improving outcomes and reducing 

adverse effects. 

3. Combination Therapy and Multifunctional Nanoparticles: Combining multiple 

therapeutic agents and functionalities within a single nanoparticle will enable more 

comprehensive and effective treatments, particularly for complex diseases such as 

cancer and infectious diseases. 

4. Clinical Translation and Regulatory Approval: Continued efforts to address the 

challenges of biocompatibility, scalability, and regulatory approval will facilitate the 

clinical translation of nano formulations, bringing innovative therapies to patients. 

5. Nanoparticles in Regenerative Medicine: The application of nanoparticles in 

regenerative medicine, including tissue engineering and stem cell therapy, holds great 

promise for the treatment of a wide range of diseases and injuries. 

 

CONCLUSION 

The field of pharmaceutical chemistry has witnessed remarkable progress with the advent of 

nanotechnology. Nano formulations have emerged as powerful tools for targeted drug 

delivery, offering numerous benefits over traditional delivery systems. Through the 

encapsulation of therapeutic agents in nanocarriers, these formulations enhance drug 

solubility, stability, and bioavailability, leading to improved therapeutic outcomes. However, 

despite these advantages, several challenges remain in the clinical translation of nano 

formulations. Issues related to large-scale manufacturing, regulatory approval, and potential 

toxicity must be addressed to fully realize the potential of nanotechnology in drug delivery. 

Future research should focus on overcoming these barriers, fostering collaboration between 

scientists, regulatory bodies, and industry stakeholders to accelerate the development and 
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commercialization of nanoformulated drugs. By continuing to advance this innovative field, 

we can significantly improve patient care and treatment efficacy. 
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