
Volume 05 Issue 05-2025 1 

                 

 
 

   
  
 
 

International Journal of Advance Scientific Research  
(ISSN – 2750-1396) 
VOLUME 05 ISSUE 05   Pages: 1-8 

OCLC – 1368736135    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

ABSTRACT 

Proniosomes are a promising drug delivery system, and their integration with nanotechnology offers 

significant advantages. This article reviews the current state of nanotechnology integration in proniosomal 

drug delivery systems, highlighting the benefits, challenges, and future directions of this combined 

approach. 
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INTRODUCTION 

Proniosomes are a versatile and promising drug 

delivery system that has garnered increasing 

attention in recent years due to their ability to 

improve the bioavailability, stability, and 

therapeutic efficacy of a wide range of drugs (2, 4, 

5, 17, 19). Unlike conventional liposomes, which 
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are often plagued by stability issues and high 

production costs, proniosomes offer a unique 

advantage: they exist as dry, powdered 

precursors. This dry state significantly enhances 

their stability during storage and transportation, 

making them a more practical and cost-effective 

alternative. Upon hydration, these precursors 

readily transform into niosomes, which are 

vesicular structures closely resembling 

liposomes in their morphology and drug-carrying 

capabilities (3, 13, 14, 21, 22). 

Niosomes, the hydrated form of proniosomes, are 

self-assembled, spherical entities composed 

primarily of non-ionic surfactants and 

cholesterol. Their unique structure, featuring a 

hydrophilic head and a hydrophobic tail, enables 

them to encapsulate both hydrophilic (water-

soluble) and hydrophobic (lipid-soluble) drugs. 

This amphiphilic characteristic grants 

proniosomes a significant advantage in drug 

delivery, allowing them to accommodate a 

diverse array of therapeutic agents, ranging from 

small molecules to large macromolecules like 

proteins and peptides (15, 22). This versatility 

makes them suitable for various administration 

routes, including oral, transdermal, and 

parenteral delivery. 

Nanotechnology, on the other hand, represents a 

paradigm shift in materials science and medicine. 

It involves the design, production, and application 

of materials and devices at the nanoscale, 

typically ranging from 1 to 100 nanometers (nm) 

(1, 17). At this scale, materials exhibit unique 

physicochemical properties that differ 

significantly from their bulk counterparts. These 

properties, such as enhanced surface area, 

improved permeability, and altered reactivity, 

have revolutionized various fields, including drug 

delivery. Nanoparticles, the fundamental building 

blocks of nanotechnology, can be tailored to 

achieve specific functions, including targeted 

drug delivery, controlled release, and enhanced 

therapeutic efficacy. 

The integration of nanotechnology with 

proniosomes offers a synergistic approach with 

the potential to overcome the inherent limitations 

of both systems and further enhance their drug 

delivery capabilities. By incorporating 

nanomaterials into proniosomal formulations, it 

is possible to create a new generation of drug 

carriers with improved properties and expanded 

applications. This review delves into the 

advancements in nanotechnology-enhanced 

proniosomal drug delivery systems, with a focus 

on the underlying principles, preparation 

methods, characterization techniques, and their 

diverse applications in drug delivery. 

METHODS 

A comprehensive literature search was 

conducted using databases such as PubMed, 

Scopus, and Web of Science. The search terms 

included "proniosomes," "nanotechnology," 

"nanoparticles," "drug delivery," "niosomes," and 

"vesicular systems." The search focused on 

articles published in English that investigated the 

integration of nanotechnology with proniosomal 

drug delivery systems. 
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1 Synthesis of Nanotechnology-Enhanced 

Proniosomal Systems 

The preparation of nanotechnology-enhanced 

proniosomal systems involves the combination of 

surfactants, phospholipids, and active 

pharmaceutical ingredients (APIs) to form a gel-

like structure that, upon hydration, forms 

niosomes. Nanotechnology methods such as 

nanoprecipitation, solvent evaporation, and high-

energy mixing are utilized to reduce the particle 

size and increase the surface area of the 

proniosomal systems. The addition of 

nanoparticles such as gold or polymeric 

nanoparticles can further enhance the stability, 

release properties, and bioavailability of the 

system. 

2 Characterization Techniques 

Various characterization techniques are 

employed to assess the physical and chemical 

properties of nanotechnology-enhanced 

proniosomal systems. These include: 

• Transmission Electron Microscopy (TEM) 

to examine the morphology and size distribution 

of the proniosomal formulations. 

• Dynamic Light Scattering (DLS) for 

particle size analysis. 

• Fourier Transform Infrared Spectroscopy 

(FTIR) to assess the chemical interaction between 

the components. 

• X-ray Diffraction (XRD) to study the 

crystallinity of the drug and surfactants. 

• Zeta Potential Analysis to determine the 

stability of the formulation. 

3 In Vitro Drug Release Studies 

In vitro drug release studies are performed using 

a dialysis method to assess the controlled release 

properties of the nanotechnology-enhanced 

proniosomal systems. The release profile is 

monitored over time to determine the release 

rate and the efficiency of the system in controlling 

the release of the active pharmaceutical 

ingredient. 

RESULTS 

The integration of nanotechnology with 

proniosomes can be achieved through various 

strategies: 

• Incorporation of Nanomaterials: 

Nanomaterials, such as nanoparticles, can be 

incorporated into the proniosomal formulation to 

enhance drug encapsulation, stability, and 

targeting (42). 

• Surface Modification: Proniosomes can be 

surface-modified with nanomaterials to improve 

their interaction with biological systems, reduce 

toxicity, and prolong circulation time (39). 

• Nanocarrier-in-Proniosome Approach: 

Nanocarriers can be first prepared and then 

encapsulated within proniosomes, combining the 

advantages of both systems (42). 

The integration of nanotechnology offers several 

potential advantages: 
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• Enhanced Drug Encapsulation: 

Nanomaterials can increase the drug-loading 

capacity of proniosomes, allowing for the delivery 

of higher drug doses (42). 

• Improved Stability: Nanomaterials can 

enhance the stability of proniosomes, preventing 

drug leakage and aggregation (38). 

• Targeted Delivery: Nanomaterials can be 

used to functionalize proniosomes for targeted 

delivery to specific cells or tissues, reducing off-

target effects (31). 

• Controlled Release: Nanotechnology 

enables the design of proniosomes with 

controlled drug release profiles, improving 

therapeutic efficacy and reducing dosing 

frequency (40). 

• Improved bioavailability: Proniosomes 

can enhance the oral bioavailability of poorly 

water-soluble drugs. (37) 

• Enhanced skin permeation: Proniosomes 

can improve transdermal drug delivery. (5,6) 

DISCUSSION 

Nanotechnology offers a powerful toolset for 

enhancing the performance of proniosomal drug 

delivery systems. The integration of 

nanomaterials can address some of the 

limitations of conventional proniosomes, such as 

low drug-loading capacity, instability, and lack of 

targeting capabilities (15, 16). 

Several studies have demonstrated the potential 

of nanotechnology-enhanced proniosomes for 

various applications, including: 

• Cancer therapy: Targeted delivery of 

anticancer drugs using nanotechnology-modified 

proniosomes can improve therapeutic efficacy 

and reduce side effects (31). 

• Transdermal drug delivery: Nanoparticles 

can enhance the penetration of drugs through the 

skin, improving the effectiveness of transdermal 

drug delivery systems (41, 42). 

• Oral drug delivery: Proniosomes can 

improve the oral bioavailability of poorly water-

soluble drugs. (37) 

• Ocular drug delivery: Liposomes and 

proniosomes are being explored for intravitreal 

drug delivery. (3, 26) 

• Treatment of leishmaniasis: Proniosomes 

are being explored as drug carriers. (34) 

• Dental pain management: Proniosomal 

gels have been studied. (43) 

Despite the promising results, several challenges 

need to be addressed before nanotechnology-

enhanced proniosomes can be widely adopted in 

clinical practice: 

• Scalability: Developing scalable and cost-

effective methods for the large-scale production 

of these systems is crucial. 

• Toxicity: The potential toxicity of 

nanomaterials needs to be carefully evaluated. 
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• Regulatory issues: Clear regulatory 

guidelines for the use of nanotechnology-based 

drug delivery systems are needed. 

Future Directions 

Future research should focus on: 

• Developing novel nanomaterials with 

improved biocompatibility and targeting 

capabilities. 

• Optimizing the design and preparation of 

nanotechnology-enhanced proniosomes for 

specific drug delivery applications. 

• Conducting thorough in vitro and in vivo 

studies to evaluate the safety and efficacy of these 

systems. 

• Exploring the use of AI and machine 

learning. 

• Investigating the long-term stability and 

shelf-life of nanotechnology-enhanced 

proniosomes. 

CONCLUSIONS 

The integration of nanotechnology with 

proniosomes holds great promise for the 

development of advanced drug delivery systems 

with enhanced therapeutic efficacy and reduced 

side effects. Continued research in this area is 

expected to lead to significant advances in drug 

delivery and improve the treatment of various 

diseases. 

Nanotechnology-enhanced proniosomal systems 

represent a promising advancement in the field of 

drug delivery, offering enhanced drug 

encapsulation, improved bioavailability, and 

controlled release properties. By utilizing 

nanotechnology to optimize the performance of 

proniosomal systems, these drug delivery 

platforms have the potential to revolutionize the 

treatment of various diseases, especially those 

requiring targeted therapies. Future research 

focusing on clinical trials, large-scale production, 

and safety profiles will help translate these 

advancements into routine clinical use, paving the 

way for more effective and safer drug delivery 

systems. 
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