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Abstract: The use of Nanotechnology has provided scientific communities with novel therapeutic effects. It emphasizes how 

precision medicine incorporates the concepts of Nanoscience, with Nano carriers. Therapeutic compounds can be encapsulated 
by Nano carriers such as nanoparticles and liposomes, offering protection from degradation and enhancing pharmacokinetics. 
Nano systems' have customizable potential that enables the development of therapies specific to each patient's demands and 
illness features. Multifunctional carriers can directly affect immune reactions as well as overcome biological barriers and selectively 
target cells and tissues. Recently, research in the field of Nanotechnology has made remarkable advances. The present review 
emphasizes how disruptive nanotechnology has better therapeutic effect in cancer, neurology, and infectious illnesses and how 
it has the potential to transform pharmaceutical research and healthcare practices, enhancing patient quality and treatment results.  
.   
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1. Introduction 

The term "nano" in the field of nanotechnology signifies a unit of measurement equivalent to one billionth (1 x 10^-9). 
Nanotechnology encompasses the study and manipulation of matter at a scale where its structures possess dimensions on the order 
of a billionth of a meter [1]. Recent advancements in multifunctional nanoparticles have opened new possibilities for the precise 
delivery of therapeutic compounds and imaging contrast agents to specific cell types. This has the potential to greatly enhance the 
effectiveness of treatments while minimizing any potential side effects. In the field of pharmaceuticals, nanoparticles are specifically 
defined as solid colloidal particles that range in size from 10 nm to 400 nm. These particles are composed of macromolecular 
materials that either dissolve, entrapped, or encapsulate the active agent (such as a drug or biologically active material), or have the 
active agent adsorbed or attached to them [2]. Technologies utilizing nanoscale substances have been employed to enhance the 
properties and develop novel functions for these substances. Numerous research projects are currently being conducted worldwide 
in this domain. In the medical field, nanotechnology has found diverse applications, including diagnosis, biosensors, and drug 
delivery. Consequently, this has led to the creation of innovative nanomedicines and nanodevices. To optimize the effects of a drug, 
the drug molecules must reach specific locations within the target tissue. However, due to the inability of drug molecules to 
selectively reach their site of action, there is a necessity for carriers that can efficiently deliver the required amount of the drug to its 
intended destination. The eye, particularly the posterior segment, poses challenges for drug penetration due to its structural 
peculiarities, such as the presence of a barrier function. As a result, extensive research studies focusing on nano-sized drug carriers 
have been conducted in the field of various types of cancers [3,4,5]. 

 

Figure 1 Structure of Liposomes 
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2. Liposomess 

Liposomes are closed vesicles (small lipid vesicles) composed of a phospholipid bilayer, and water-soluble drugs can be incorporated 
into their aqueous phase, whereas lipid-soluble drugs can be incorporated into their lipid phase [6]. The structure of Liposomes is 
illustrated in Figure 1. Liposomes have various advantages as drug carriers: (1) Because they are noncovalent aggregates, their lipid 
composition, size, and electric charge can be easily controlled [7,8]. Their modification, with surface polymers, carbohydrates, and 
antibodies, can be easily achieved to facilitate targeting;[9]. (3) Liposomes have almost no toxicity and low antigenicity; (4) Liposomes 
can be biodegradable and metabolized in vivo;[10]. (5) Properties such as membrane permeability can be controlled to some 
extent;[11]. and (6) Liposomes can hold various types of solutes with different properties and molecular weights, such as fat-soluble 
molecules, water-soluble molecules,[12] and amphiphilic molecules [13]. Because of these characteristics, studies have been 
conducted on the intravitreal injection of drug-bearing liposomes and have demonstrated that the release of the drug can be 
controlled, the half-life of the drug inside the vitreous body can be prolonged, and the toxicity of the drug can be reduced [14-19]. 
 

3. Nanostructured Lipid Carriers (NLCs)  

Nanostructured lipid carriers (NLCs) are a type of drug-delivery system that consists of a core matrix composed of both solid and 
liquid lipids. These benefits include increased solubility, improved storage stability, enhanced permeability, and bioavailability, 
reduced adverse effects, prolonged half-life, and targeted delivery to specific tissues. As a result, NLCs have gained significant 
attention in recent years as a promising drug-delivery platform [20]. Solid lipid nanoparticles (SLNs) are derived from oil-in-water 
nanoemulsions, with the first generation developed in 1990 [21]. SLNs offer advantages like physio-logical lipids, organic solvent 
avoidance, large-scale production, improved bioavailability, drug protection, and controlled release characteristics as drug delivery 
carriers [22]. SLNs have drawbacks like unpredictable gelation, polymorphic transition, and low incorporation. Nanostructured lipid 
carriers (NLCs) were developed to address these issues, allowing for the avoidance of potential drawbacks like limited drug-loading 
capacity and storage expulsion. [23] Liposomes can be used as targeted drug carriers for different human tumours that increases 
patient compliance and reduces adverse effects [24].   
 

4. Nanotechnology in precision medicine 

Nanotechnology has emerged as a transformative force in the landscape of healthcare, catalyzing a paradigm shift towards precision 
medicine. Its significance lies in its capacity to revolutionize how diseases are diagnosed, treated, and understood. By operating at 
the nanoscale, it enables a level of precision that was previously unimaginable in medicine. Nanotechnology is not merely an 
incremental improvement; it represents a substantial departure from traditional one-size-fits-all medical approaches. It stands at the 
confluence of advanced science and innovative technology, offering a robust platform for addressing the complexities of 
individualized patient care and disease-specific treatments. The era of nanotechnology in precision medicine is marked by an exciting 
fusion of nanoscience, which explores the properties of matter at nanometer dimensions, and the practical application of nano 
carriers. This combination holds the key to the development of therapies that are not only tailored to specific diseases but also to 
the unique characteristics of each patient, heralding a new age of healthcare personalization [25-28]. 

Precision medicine, as facilitated by nanotechnology, places patients at the center of healthcare. It recognizes that diseases are as 
diverse as the individuals they afflict, and a one-size-fits-all approach often falls short. With nanotechnology, healthcare providers 
gain an unprecedented level of insight into the intricacies of diseases, right down to the molecular and cellular levels. This 
understanding equips them to craft treatments that are highly specific and finely tuned, resulting in more effective and less invasive 
therapies. Whether it's delivering medication directly to cancer cells, modulating immune responses with precision, or customizing 
treatment regimens based on a patient's genetic makeup, nanotechnology empowers healthcare practitioners to provide care that is 
not only more effective but also less prone to side effects. The implications are vast, with the potential to transform how diseases 
like cancer, neurodegenerative disorders, and infectious illnesses are managed, ultimately leading to better patient outcomes and 
enhanced quality of life. The journey into nanotechnology's role in precision medicine is a captivating one, where scientific 
innovation converges with patient-centric healthcare, offering a new dawn in medical practice [29-31]. 

5. Nano Carriers: Enabling Customized Therapies 

Nanotechnology leverages a sophisticated toolkit of nano carriers to unlock the potential for truly customized therapeutic 
approaches. Among these, nanoparticles and liposomes have emerged as the workhorses of modern drug delivery. These carriers 
offer a remarkable ability to encapsulate therapeutic compounds, shielding them from premature degradation, and fine-tuning their 
pharmacokinetics. This capacity is invaluable in optimizing treatment efficacy while minimizing side effects. Nanoparticles, with 
their small size and customizable surface properties, can be tailored to carry a diverse range of therapeutic agents, including 
chemotherapeutic drugs, nucleic acids, and small molecules. Liposomes, on the other hand, are lipid-based carriers that excel in 
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encapsulating both hydrophilic and hydrophobic compounds. Their versatility extends to not only drug delivery but also the targeted 
delivery of genetic material, making them integral in emerging fields like gene therapy. By facilitating controlled release and precise 
targeting, nano carriers have ushered in a new era of medicine that is tailored to the unique demands of each patient and the specific 
characteristics of their illness[31-32] . 

The transformative potential of nano carriers is best illustrated through the lens of personalized medicine. As the shift towards 
patient-centric care gains momentum, the importance of tailored therapies becomes increasingly evident. Nano carriers provide the 
ideal platform for this transformation. By encapsulating therapeutic agents within nano carriers, it becomes possible to adjust drug 
release profiles, ensuring medications are administered precisely when and where they are needed. This has significant implications 
for conditions like cancer, where minimizing damage to healthy cells while delivering therapy directly to tumor sites is of paramount 
importance. Nano carriers can be engineered to navigate biological barriers, including the blood-brain barrier, offering newfound 
hope in the treatment of neurodegenerative diseases that were once considered impenetrable. In essence, nano carriers offer a level 
of customization and precision that was inconceivable in traditional drug delivery methods. They represent a cornerstone of the 
evolving landscape of personalized medicine, where treatments are tailored to individual needs, ultimately improving therapeutic 
outcomes and patient quality of life [33]. 

6. Multifunctional Carriers: Pioneering Immunotherapy and Targeted Therapies  

Multifunctional carriers stand at the forefront of innovative therapeutic strategies, particularly in the domains of immunotherapy 
and targeted therapies. These carriers are engineered to be versatile and responsive, capable of modulating immune responses and 
precisely targeting cells and tissues. In the realm of immunotherapy, multifunctional carriers have ushered in a new era of treatment 
for conditions like cancer and autoimmune disorders. By integrating immunomodulatory agents within these carriers, they can be 
directed to enhance or suppress immune reactions, offering a tailored approach to immune-related diseases. In the context of 
targeted therapies, multifunctional carriers possess the remarkable ability to navigate biological barriers, ensuring that therapeutic 
agents reach their intended destination. These carriers are not bound by traditional limitations, as they can be designed to transport 
therapies across the formidable blood-brain barrier or other selective barriers, offering new hope for treating neurodegenerative 
conditions and previously hard-to-reach disease sites. As a result, multifunctional carriers are pioneering a new era of medicine, one 
that is highly tailored and efficacious, improving the precision of therapy and patient outcomes [34]. 

The versatility of multifunctional carriers extends across a spectrum of diseases. They can be adapted to deliver a wide range of 
therapies, from small molecules and biologics to genetic material and nanoparticles. This adaptability is particularly promising in the 
context of cancer therapy, where precision is of paramount importance. By equipping multifunctional carriers with tumor-targeting 
ligands or imaging agents, they can home in on cancer cells with pinpoint accuracy, reducing collateral damage to healthy tissues. 
Moreover, their applications extend to autoimmune disorders, where modulating immune responses plays a critical role in managing 
these conditions. Through precise control over immunotherapeutic agents, multifunctional carriers offer more efficient and targeted 
treatments for autoimmune diseases. As our understanding of the interplay between the immune system and disease deepens, 
multifunctional carriers represent a dynamic frontier in personalized medicine, fostering new therapeutic possibilities and ultimately 
improving the quality of care for a broad spectrum of medical conditions [35, 36]. 

7. Transformative Potential of Nanotechnology in Healthcare - Nanotechnology Advancements in Disease 
Treatment  

In recent years, the field of nanotechnology has witnessed remarkable advancements that hold the promise of revolutionizing disease 
treatment. These advancements span a wide spectrum of medical disciplines, from oncology to neurology and infectious diseases. 
Nanotechnology has enabled more precise, targeted, and effective therapies, fundamentally altering the landscape of disease 
management. One of the most profound impacts of nanotechnology is seen in the treatment of cancer. Nano carriers, such as 
nanoparticles and liposomes, are engineered to deliver anti-cancer agents directly to tumor sites, sparing healthy tissues from the 
ravages of chemotherapy. The results are not only improved survival rates but also a higher quality of life for cancer patients. In 
neurology, the formidable blood-brain barrier, which has posed a significant challenge in treating brain disorders, is being breached 
with the help of nanotechnology. This opens up new possibilities for the treatment of neurodegenerative diseases, potentially slowing 
down disease progression and enhancing patients' cognitive functions. Additionally, the use of nanotechnology in the management 
of infectious diseases is particularly promising. Nano carriers like nanoemulsions are serving as effective vaccine carriers, offering a 
novel approach to preventing and treating infectious illnesses. These groundbreaking achievements underscore the transformative 
potential of nanotechnology in the field of healthcare [37]. 

The impact of nanotechnology in disease treatment extends beyond delivering therapeutic agents. It encompasses a broader 
integration of diagnostic technologies, enabling more personalized treatment approaches. With the marriage of diagnostics and 
nanotechnology, a new era of personalized medicine is unfolding. In this paradigm, patients receive treatments and therapies that 
are tailored to their specific genetic, molecular, and cellular profiles. This not only improves the efficacy of treatments but also 
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minimizes side effects, providing a significant boost to patient quality of life. The convergence of diagnostics and nanotechnology 
fosters a deeper understanding of disease mechanisms, paving the way for innovative therapeutic strategies. Moreover, the potential 
of nanotechnology reaches into areas such as food and dietary supplements. By integrating nanotechnology into these domains, the 
stability and effectiveness of food-based treatments can be significantly enhanced, ensuring that patients receive the full benefit of 
these interventions. As the field of nanotechnology in healthcare continues to evolve, the future holds exciting prospects for 
nanoscale medicine delivery methods that have the potential to further improve healthcare and overall well-being, fostering a new 
frontier in medical practice [38].  

8. Conclusion  

In conclusion, the transformative influence of nanotechnology in healthcare is undeniable. It heralds a new era of precision medicine, 
where nanoscience and innovative nano carriers reshape therapeutic approaches. By enabling customized therapies through nano 
carriers, nanotechnology offers more effective, patient-specific treatments with minimal side effects. Multifunctional carriers pioneer 
immunotherapy and targeted therapies, expanding their applications across various diseases. Notably, nanotechnology 
advancements in cancer, neurology, and infectious diseases are revolutionizing treatments, promising better outcomes. The 
integration of diagnostics and nanotechnology drives personalized medicine, while the potential to enhance food and dietary 
supplements suggests a brighter future. This dynamic field of nanotechnology in healthcare opens unprecedented horizons for 
improved well-being and patient care. 
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