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ABSTRACT 
Recent advancements in nanotechnology have propelled nanosponge-based drug delivery systems to 

the forefront of skin care medical product development. These systems, composed of porous 

polymeric nanoparticles, offer controlled release and targeted delivery of therapeutic agents. They 

address challenges associated with conventional formulations, including skin irritation and poor 

patient compliance. Nanosponges efficiently encapsulate various active ingredients, enabling precise 

delivery to specific skin layers. They exhibit improved stability, prolonged action, and reduced side 

effects, making them promising for diverse dermatological conditions. This review discusses 

fabrication methods, characterization techniques, applications, and future prospects of nanosponge-

based drug delivery systems in skin care. Challenges and potential solutions in integrating 

nanosponges into skin care products are also addressed.     
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                      INTRODUCTION 

Skin care constitutes a pivotal component of 

holistic health maintenance, wherein effective 

delivery systems for dermatological agents play 

a crucial role in augmenting therapeutic 

outcomes. Conventional delivery modalities 

frequently encounter constraints such as 

inadequate drug penetration, diminished 

bioavailability, and systemic side effects. The 

advent of nanotechnology heralds a promising 

paradigm shift to surmount these challenges, 

proffering tailored solutions for efficient drug 

delivery. Among an array of nanocarriers, 

nanosponges have emerged as focal points of 

interest owing to their inherent versatility 

 and efficacy in transporting therapeutic agents to 

the skin [1-3]. 

The integumentary system, comprising the skin, 

serves as the body's largest organ and acts as a 

protective barrier against environmental insults, 

pathogens, and harmful ultraviolet (UV) radiation. 

Beyond its structural role, the skin serves as a 

dynamic interface between the body and its 

surroundings, facilitating vital functions such as 

thermoregulation, sensation, and immunological 

surveillance. However, the skin is also susceptible 

to a myriad of disorders and conditions, ranging 

from acute inflammatory reactions to chronic 

dermatological ailments. Consequently, the 

development of innovative strategies for 

delivering dermatological agents is imperative to   
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address the diverse spectrum of skin-related 

maladies effectively [4, 5]. 

Traditional methods of delivering therapeutic 

agents to the skin encompass topical 

formulations such as creams, ointments, gels, and 

lotions. While these formulations are widely 

employed in clinical practice, they often exhibit 

limitations that compromise their efficacy and 

safety. For instance, their inability to penetrate 

the stratum corneum, the outermost layer of the 

epidermis, impedes the delivery of active 

ingredients to deeper skin layers where they exert 

their therapeutic effects. Moreover, the erratic 

and transient nature of drug absorption through 

the skin may result in suboptimal bioavailability, 

necessitating frequent applications to maintain 

therapeutic concentrations. Additionally, 

systemic absorption of topically applied drugs 

can elicit adverse effects and contraindications, 

underscoring the need for targeted delivery 

systems that mitigate off-target effects [6-8]. 

The burgeoning field of nanotechnology offers a 

plethora of opportunities to circumvent the 

limitations associated with traditional drug 

delivery methods. By harnessing the unique 

physicochemical properties of nanomaterials, 

nanotechnology enables the design and 

fabrication of nanocarriers that exhibit enhanced 

drug loading capacity, sustained release kinetics, 

and targeted delivery to specific anatomical sites. 

Nanocarriers, defined as submicron-sized 

particles or structures, can encapsulate drug 

molecules within their matrices or surfaces, 

shielding them from premature degradation and 

facilitating their transport to desired locations 

within the body [9]. 

Among nanocarriers, nanosponges have garnered 

considerable attention for their distinctive 

characteristics and myriad applications in drug 

delivery. Nanosponges are three- dimensional, 

porous structures fabricated from biocompatible 

polymers or cyclodextrins, which possess the 

ability to entrap a diverse range of therapeutic 

agents. The porous architecture of nanosponges 

affords a high surface area-to-volume ratio, 

facilitating efficient loading and release of drugs. 

Furthermore, nanosponges exhibit tunable 

properties such as pore size, surface charge, and 

degradation kinetics, enabling customization to 

meet specific therapeutic requirements [10, 11]. 

In the context of skin care, nanosponge-based 

drug delivery systems hold immense promise for 

overcoming the challenges associated with 

traditional topical formulations. By 

encapsulating active ingredients within 

nanosponge matrices, these delivery systems can 

enhance drug penetration through the stratum 

corneum, thereby facilitating targeted delivery to 

deeper skin layers where therapeutic 

interventions are warranted. Moreover, the 

controlled release kinetics imparted by 

nanosponges ensure sustained drug 

concentrations at the site of action, optimizing 

therapeutic efficacy while minimizing systemic 

exposure and associated adverse effects [12]. 

The versatility of nanosponge-based drug 

delivery systems extends beyond conventional 

dermatological agents to encompass a diverse 

array of active ingredients, including 

antioxidants, anti-inflammatory agents, 

antimicrobials, and sunscreen agents. By 

encapsulating these agents within nanosponges, 

their stability, solubility, and bioavailability can 

be enhanced, augmenting their therapeutic 

potential in mitigating various skin-related 

conditions. Furthermore, the ability to tailor 

nanosponge properties, such as particle size, 

porosity, and surface functionalization, enables 

the design of multifunctional delivery systems 

capable of addressing complex dermatological 

concerns [13]. 

In conclusion, nanosponge-based drug delivery 

systems represent a paradigm-shifting approach 

to enhancing the efficacy and safety of 

dermatological interventions in skin care. 

Leveraging the unique properties of 

nanosponges, these delivery systems offer 

precise control over drug release kinetics, target 

specificity, and biocompatibility, thereby paving 

the way for personalized therapeutic regimens 

tailored to individual patient needs. Moving 

forward, continued research efforts are warranted 

to optimize nanosponge formulations, elucidate 

their mechanisms of action, and translate these 

innovations into clinical practice, thereby 

realizing their full potential in revolutionizing 

skin care management. 

 

Applications In Skin Care Medical Products 

Nanosponges are fabricated using a variety of 

techniques, each offering distinct advantages in 

terms of scalability, reproducibility, and 

physicochemical properties of the resulting 

nanosponge formulations. Common synthesis 
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methodologies include solvent evaporation, 

emulsion solvent diffusion, and freeze-drying, 

among others [21]. 

Solvent evaporation is a widely employed 

technique for fabricating nanosponges, wherein a 

polymer solution is dispersed in an organic 

solvent and subsequently emulsified in an 

aqueous phase containing a surfactant. Upon 

evaporation of the organic solvent, nanosized 

polymer particles coalesce to form porous 

structures, which are subsequently collected via 

centrifugation or filtration and subjected to 

drying to remove residual solvent [11]. 

Emulsion solvent diffusion involves the 

dispersion of a polymer solution in an organic 

solvent into an aqueous phase containing a 

surfactant under vigorous stirring. The diffusion 

of the organic solvent into the aqueous phase 

leads to the precipitation of polymer 

nanoparticles, which aggregate to form 

nanosponge structures. Following isolation and 

purification, nanosponges are typically dried to 

remove residual solvent and stabilize the porous 

architecture [10]. 

Freeze-drying, also known as lyophilization, 

entails freezing a polymer solution or dispersion 

followed by sublimation of ice under reduced 

pressure to yield a porous scaffold. This 

technique is particularly well-suited for 

fabricating nanosponges from thermolabile 

polymers or drug-polymer complexes, as it 

minimizes the risk of thermal degradation. 

Moreover, freeze- drying preserves the porosity 

and structural integrity of nanosponges, 

facilitating their subsequent reconstitution in 

aqueous media [11]. 

Characterization of nanosponges is essential for 

assessing their physicochemical properties, 

including particle size, morphology, porosity, 

surface charge, and drug loading capacity. 

Various analytical techniques are employed for 

this purpose, encompassing microscopy, 

spectroscopy, and chromatography, among 

others [12]. 

Transmission electron microscopy (TEM) and 

scanning electron microscopy (SEM) are 

commonly used to visualize the morphology and 

internal structure of nanosponges at high 

resolution. TEM provides detailed insights into 

the ultrastructure of nanosponges, enabling 

visualization of pore size, distribution, and 

connectivity, while SEM offers surface 

topography information, elucidating particle size, 

shape, and surface roughness [13]. 

Dynamic light scattering (DLS) and zeta 

potential analysis are employed to determine the 

hydrodynamic diameter and surface charge of 

nanosponges, respectively. DLS measures the 

Brownian motion of nanoparticles in solution to 

infer their size distribution, while zeta potential 

analysis assesses the electrostatic stability of 

colloidal dispersions based on the magnitude and 

polarity of surface charges [14]. 

Brunauer-Emmett-Teller (BET) analysis and 

mercury intrusion porosimetry (MIP) are utilized 

to characterize the porosity and specific surface 

area of nanosponges. BET analysis quantifies the 

adsorption-desorption behavior of nitrogen gas 

on the surface of nanosponges to calculate their 

surface area, while MIP measures the intrusion of 

mercury into the pore space of nanosponges to 

determine their pore size distribution and total 

pore volume [15]. 

High-performance liquid chromatography 

(HPLC) and spectroscopic techniques such as 

Fourier-transform infrared spectroscopy (FTIR) 

and nuclear magnetic resonance (NMR) 

spectroscopy are employed to quantify drug 

loading and assess the chemical composition of 

nanosponges, respectively. HPLC enables 

accurate determination of drug content in 

nanosponge formulations, while FTIR and NMR 

spectroscopy provide insights into molecular 

interactions between drugs and polymers within 

nanosponges [16]. 

Overall, synthesis and characterization of 

nanosponges are integral steps in the 

development of advanced drug delivery systems 

for skin care applications. By optimizing 

fabrication techniques and analytical 

methodologies, researchers can elucidate the 

structure-function relationships of nanosponges 

and tailor their properties to meet the diverse 

needs of dermatological therapy. 

 

Nanosponge 

Nanosponges were originally devised for the 

topical administration of drugs. These colloidal 

carriers have seen recent advancements and are 

now being considered for drug delivery due to 

their ability to solubilize poorly water-soluble 

drugs, facilitate prolonged release, and enhance 

drug bioavailability. In some instances, they can 

even modify pharmacokinetic parameters. 
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Nanosponges typically possess an average 

diameter below 1 μm, as illustrated in Figure No.  

1, although fractions below 500 nm can be 

chosen. In contrast, microsponges have diameters 

ranging from 10 to 25 microns [29].  

 

 

FIG.1: Porous Nanosponges 

Materials Used For Preparation 

Table 1 presents a compilation of polymers and 

cross-linkers commonly employed in the  

synthesis of nanosponges [30]. 

 

 

TABLE 1: polymers and cross-linkers commonly employed in the synthesis of nanosponges 

Method of preparation of nanosponges  
Polymers Nanosponges are commonly synthesized using a variety of polymers and cross-linkers. 

These include hyper-crosslinked polystyrenes, cyclodextrins (CDs) and their derivatives 

such as methyl β-CD, alkyloxycarbonyl CD, and 2-hydroxypropyl β-CD. Additionally, 

copolymers such as poly(valerolactone-allylvalerolactone) and poly(valerolactone-

allylvalerolactoneoxepanedione), as well as ethyl cellulose and polyvinyl alcohol (PVA) 

Crosslinkers Various cross-linking agents are utilized in the synthesis of nanosponges, including 

diphenyl carbonate (DPC), diarylcarbonates, diisocyanates, pyromellitic anhydride, 

carbonyldiimidazoles (CDI), epichloridrine, glutaraldehyde, carboxylic acid dianhydrides, 

2,2-bis(acrylamido) acetic acid, and dichloromethane. 

       Polar aprotic solvents such as 

dimethylformamide and dimethyl sulfoxide were 

employedas suitable solvents in the procedure. 

The polymer was then added to the solvent and 

thoroughly mixed. An ideal crosslinker-to-

polymer ratio of 8:2 was maintained, and the 

mixture obtained from the previous step was  

introduced into this ratio. Subsequently, the 

mixture underwent a reaction period lasting 48 

hours, within a temperature range spanning from 

10°C up to the reflux temperature of the solvent. 

After the completion of the reaction, the solution 

was allowed to cool until it reached room 

temperature [31]. 

            

 

FIG.2: Solvent method 
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Ultrasound assisted method 

The ultrasound-assisted synthesis method 

involves the use of polymer ultrasonics junction 

to achieve crosslinking without the need for 

solvents. Polymer crosslinking is induced by 

ultrasonic waves. In a flask, polymer and 

crosslinker are combined in appropriate molar 

ratios. The flask is then placed in an ultrasound 

bath at 90°C for 5 hours. After sonication, the  

temperature of the mixture is lowered, and the 

product is harshly divided and cleaned to remove 

any unreacted polymer and reagents using excess 

water. The resulting solid is further purified using 

ethyl alcohol via Soxhlet extraction. The filtered 

nanoparticles obtained are then vacuum dried and 

processed accordingly for subsequent drug 

loading (see Fig. 3 for illustration) [31]. 

               

 

       FIG. 3 Ultrasound assisted method 

 

Applications Of Nanosponge Drug Delivery 

Systems In Skin Care [17-22] 

Targeted Delivery: Nanosponges can encapsulate 

active skincare ingredients such as vitamins, 

antioxidants, peptides, or anti-inflammatory 

agents. These nanosponges can then be targeted 

to specific layers of the skin, ensuring efficient 

delivery of the active ingredients where they are 

most needed. 

Enhanced Penetration: The small size of 

nanosponges allows them to penetrate the skin's 

barrier more effectively than conventional 

delivery systems. This enhanced penetration can 

help deliver skincare ingredients deeper into the 

skin, increasing their effectiveness. 

Controlled Release: Nanosponge drug delivery 

systems can be engineered to release skincare 

ingredients in a controlled manner over time. 

This controlled release can prolong the activity of 

the active ingredients, providing long-lasting 

benefits to the skin. 

Stabilization: Some skincare ingredients are 

sensitive to environmental factors such as light 

and oxygen, which can degrade their efficacy. 

Nanosponge encapsulation can protect these 

ingredients from degradation, enhancing their 

stability and shelf-life. 

Reduced Irritation: Certain skincare ingredients, 

especially those with potent effects, can cause 

irritation or sensitivity in some individuals. 

Nanosponge drug delivery systems can help 

mitigate these side effects by controlling the 

release of the active ingredients and reducing 

their direct contact with the skin. 

Combination Therapies: Nanosponge drug 

delivery systems can be used to encapsulate 

multiple active ingredients in one formulation. 

This allows for the development of combination 

therapies targeting multiple skincare concerns 

simultaneously, such as anti-aging, hydration, 

and sun protection. 

Transdermal Drug Delivery: In addition to 

topical applications, nanosponge drug delivery 

systems can also facilitate transdermal drug 

delivery, allowing for the systemic delivery of 

skincare ingredients through the skin barrier. 

This approach can be particularly useful for 

delivering therapeutic agents for conditions such 

as acne or eczema. 

Personalized Skincare: Nanosponge technology 

can enable the customization of skincare 

formulations based on individual skin types and 

concerns. By encapsulating specific active 

ingredients in nanosponges, skincare products 
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can be tailored to address the unique needs of 

each user. 

 

Challenges And Future Perspectives 

Despite the considerable progress made in the 

development of nanosponge-based drug delivery 

systems for skin care applications, several 

challenges remain to be addressed to realize their 

full potential in clinical practice. Key challenges 

include scalability of fabrication techniques, 

regulatory approval, safety assessment, and cost-

effectiveness [23]. 

Scalability of fabrication techniques is 

paramount for translating nanosponge 

formulations from laboratory-scale research to 

industrial-scale production. While numerous 

synthesis methodologies have been reported in 

the literature, their scalability, reproducibility, 

and cost- effectiveness pose significant 

challenges that warrant further investigation. 

Moreover, the choice of raw materials, solvents, 

and processing conditions must be optimized to 

ensure batch-to-batch consistency and 

compliance with regulatory standards [24]. 

Regulatory approval represents a critical 

bottleneck in the translation of nanosponge-based 

drug delivery systems from bench to bedside. 

The regulatory landscape governing 

nanotechnology-based products is complex and 

continually evolving, necessitating rigorous 

preclinical and clinical evaluation to demonstrate 

safety, efficacy, and quality standards. 

Collaborative efforts between academia, 

industry, and regulatory agencies are essential to 

streamline the regulatory approval process and 

foster innovation in nanosponge-based skin care 

products [25]. 

Safety assessment is a fundamental aspect of 

nanosafety research aimed at elucidating the 

potential risks associated with the use of 

nanomaterials in consumer products. While 

nanosponges hold immense promise for 

enhancing the efficacy and safety of skin care  

formulations, concerns have been raised 

regarding their potential toxicity, 

immunogenicity, and environmental impact. 

Comprehensive toxicological studies are 

required to evaluate the biocompatibility, 

biodistribution, and long-term effects of 

nanosponges following dermal exposure, thereby 

ensuring their safe use in clinical settings [26]. 

Cost-effectiveness is a critical consideration in 

the development and commercialization of 

nanosponge-based drug delivery systems, as 

manufacturing costs directly impact product 

affordability and accessibility. The choice of raw 

materials, fabrication techniques, and quality 

control measures significantly influences 

production costs, necessitating optimization of 

process parameters to minimize manufacturing 

expenses while maintaining product quality and 

performance. Moreover, economic analyses and 

market assessments are essential for gauging 

consumer demand and pricing strategies, thereby 

maximizing cost-effectiveness and market 

competitiveness [27]. 

Looking ahead, future research directions in the 

field of nanosponge-based drug delivery systems 

for skin care applications are likely to focus on 

addressing these challenges and capitalizing on 

emerging opportunities. Advancements in 

nanomaterial synthesis, formulation design, and 

characterization techniques are anticipated to 

drive innovation and diversification in 

nanosponge-based skin care products. Moreover, 

interdisciplinary collaborations between 

researchers, clinicians, industry stakeholders, 

and regulatory agencies will be crucial for 

accelerating the translation of nanosponge 

technologies from bench to bedside, ultimately 

improving patient outcomes and quality of life in 

dermatology [28]. 

In conclusion, nanosponge-based drug delivery 

systems offer a promising avenue for improving 

the efficacy, safety, and patient adherence of skin 

care formulations. Leveraging the unique 

physicochemical properties of nanosponges, 

researchers can address challenges inherent in 

conventional drug delivery methods, thereby 

advancing dermatological therapeutics. Through 

ongoing innovation and collaboration, 

nanosponge technologies hold significant 

potential to transform the field of skin care by 

enhancing stability, enabling targeted delivery, 

and prolonging therapeutic effects. Despite 

current hurdles, continued research and 

development efforts are poised to overcome 

obstacles and usher in a new era of nanosponge-

based skin care formulations with enhanced 

efficacy and safety profiles. By employing 

interdisciplinary approaches and cutting-edge 

technologies, researchers can translate scientific 

advancements into tangible clinical solutions, 



e350 

Nanosponge Drug Delivery System In Skin Care Medical Products: A Comprehensive Review 

                  J Popul Ther Clin Pharmacol Vol 28(2):e344–e351; 13 June 2021. 

This article is distributed under the terms of the Creative Commons Attribution-Non  

                         Commercial 4.0 International License. ©2021 Muslim OT et al. 

 

 

driving progress in skin care and dermatological 

therapeutics. 

 

CONCLUSION 

The utilization of nanosponge drug delivery 

systems in dermatological therapeutics presents a 

promising frontier with substantial potential to 

transform therapeutic approaches in 

dermatology. Nanosponges offer precise control 

over drug release kinetics and target specificity, 

allowing for tailored delivery to address various 

dermatological conditions. Their porous 

structure and customizable design enable 

enhanced stability and bioavailability of 

encapsulated drugs, leading to sustained 

therapeutic effects with minimized adverse 

reactions. 

Nanosponge-based delivery systems allow for 

localized and targeted drug delivery, reducing 

systemic exposure and off-target effects, 

particularly beneficial for treating localized skin 

conditions. Moreover, they facilitate the delivery 

of novel therapeutics and biologics to the skin, 

expanding the therapeutic options available for 

dermatological interventions. 

Despite the potential benefits, challenges such as 

standardization of characterization techniques, 

evaluation of safety and biocompatibility, and 

scalability in manufacturing need to be addressed 

for clinical translation. Continued research 

efforts, collaboration among stakeholders, and 

leveraging nanotechnology can lead to the 

development of next-generation dermatological 

products with improved efficacy, safety, and 

patient outcomes. 
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