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In modern drug delivery systems, nanosponges have become a diverse and promising 

class of nanocarriers because of their special porosity structure and capacity to 

encapsulate a variety of therapeutic substances. This review offers a thorough overview 

of nanosponges, covering their benefits, drawbacks, classification, composition, and 

different kinds, including silicon-based, carbon-based, polymer-based, cyclodextrin-

based, and metal–organic framework (MOF)-based nanosponges. The paper also 

discusses several synthesis approaches, such as emulsion solvent diffusion, ultrasound-

assisted synthesis, solvent-based direct cross-linking, and quasi-emulsion solvent 

diffusion techniques, and emphasizes the materials often utilized in nanosponge 

creation. In order to comprehend their influence on drug loading and release behavior, 

important aspects affecting nanosponge formulation are also investigated. Particle size, 

zeta potential, drug entrapment effectiveness, manufacturing yield, solubility, and 

technical analytical methods including spectroscopy, thermal analysis, and microscopy 

are all covered. The overall goal of this study is to present a thorough knowledge of 

nanosponge systems and their potential to enhance therapeutic outcomes and drug 

delivery efficiency. 
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INTRODUCTION 

Drug delivery techniques have been completely 

transformed by the quick developments in 

nanotechnology, and nanosponges are showing 

promise as a way to get around the drawbacks of 

traditional formulations. [1] These porous, 

nanostructured carriers have a special three-

dimensional network that may encapsulate a 

variety of therapeutic substances, including as 

proteins, genetic material, and hydrophobic 

medications. [2] Because of their biocompatibility 

and capacity to form inclusion complexes, 

cyclodextrins have been investigated the most 

https://www.ijpsjournal.com/
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among the cross-linked polymers that make up 

nanosponges. [3] Nanosponges can accomplish 

regulated and prolonged drug release by adjusting 

their porosity and surface characteristics, 

increasing therapeutic efficacy and reducing side 

effects. [4] 

The low water solubility of many active chemicals 

limits their bioavailability and therapeutic value, 

which is one of the main problems in 

pharmaceutical sciences. [5] By offering a high 

drug-loading capacity and enhancing dissolution 

rates, nanosponges solve this problem. [6] 

Furthermore, surface functionalization is made 

possible by their adaptable structure, which 

permits targeted administration to certain tissues 

like tumors or inflammatory areas. [7] To further 

improve the accuracy of drug delivery, recent 

research has also investigated stimuli-responsive 

nanosponges that release payloads in response to 

pH, temperature, or enzymatic triggers. [8] 

Nanosponges are appropriate for sensitive 

biologics because they provide protection against 

drug degradation from light, oxidation, and 

enzymatic breakdown in addition to improving 

solubility. [9] Their huge biological potential is 

demonstrated by their use in neurological diseases, 

wound healing, antibiotic administration, and 

cancer treatment. [10] To enable clinical 

translation, however, issues including large-scale 

manufacturing, stability, and regulatory obstacles 

must be resolved. [11] 

 
Figure 1: Nanosponge 

ADVANTAGES OF NANOSPONGES [12, 13]  

• This invention reduces adverse effects and 

permits ingredient entrapment.  

• Enhanced stability, more elegance, and 

greater formulation flexibility.  

• Between pH levels of 1 and 11, their 

compositions don't change.  

• At temperatures as high as 1300C, their 

compositions don't change.  

• These formulations are compatible with most 

substances and vehicles.  

• They are self-sterilizing because bacteria 

cannot fit through their typical pore size of 

0.25 mm.  

• These formulations can be free-flowing and 

cost-effective.  

• These change the way the drug is released.  

• They increase the solubility of poorly soluble 

medications.  
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• They increase the bioavailability of the 

medication. 

DISADVANTAGES 

• Nanosponges are composed of just small 

molecules.  

• Only on the loading capacity of the 

medication molecules. 

TYPES OF NANOSPONGE  

1. Cyclodextrin-Based Nanosponges  

These nanosponges are composed of cyclic 

oligosaccharides called cyclodextrins, which have 

the ability to create host-guest inclusion 

complexes. It created a porous network by cross-

linking with either organic or inorganic agents. 

These nanosponges improve the solubility and 

controlled release of medications when employed 

in drug delivery.  

Example:  The delivery of anticancer drugs using 

β-cyclodextrin nanosponges. [14] 

2. Polymer-Based Nanosponges  

It is made from synthetic or natural polymers like 

polyethylene glycol (PEG), polylactic acid (PLA), 

and polyurethane. Some of its characteristics 

include customizable porosity and good stability. 

It is employed in tissue engineering, wound 

healing, and regulated medication release.  

Example: PEGylated nanosponges for extended 

circulation in medication administration are one 

example. [15] 

3. Carbon-Based Nanosponges  

These nanosponges are made of carbon-based 

materials such as carbon nanotubes or graphene 

oxide. The large surface area and electrical 

conductivity of these nanosponges are well-

known. It is utilized in environmental applications 

such as water purification and oil spill 

remediation.  

Example: Graphene oxide nanosponges for the 

adsorption of heavy metals. [16] 

4. Silicon-Based Nanosponges  

Mesoporous silica or silica nanoparticles are used 

to create these nanosponges. It offers strong 

chemical stability and biocompatibility. The very 

porous silicon nanosponge is used as a carrier 

material in sensors, fuel cell electrodes, 

photosensitizers, adsorbents, catalysts, and 

medicines. It is employed in biosensing and 

medication administration.  

Example: Targeted cancer treatment using silica 

nanosponges. [17, 18] 

5. Metal-Organic Framework (MOF)-Based 

Nanosponges  

This kind of nanosponge is made up of organic 

linkers and metal ions that form a porous structure. 

Its characteristics include adjustable pore 

diameters and a large surface area. It is employed 

in medicine delivery, catalysis, and gas storage.  

Example: Zeolite-based MOF nanosponges for 

storing hydrogen. [19] 

COMPOSITION IN NANOSPONGES 

Three essential elements make up nanosponges: 

polymers, cross-linkers, and active pharmaceutical 

ingredients (APIs), as well as solvents that aid in 

their creation. Cyclodextrins (α, β, and γ) are the 

most often utilized polymers because they create a 

hydrophobic cavity that can trap drug molecules 

and improve their solubility and stability. [20] To 

increase structural integrity and drug-loading 
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effectiveness, additional synthetic and natural 

polymers such polyvinyl alcohol (PVA), ethyl 

cellulose, poly (lactic-co-glycolic acid) (PLGA), 

and polyurethanes are also used. [21] 

In order to create the porous, sponge-like structure 

of nanosponges, cross-linking agents are essential. 

Diphenyl carbonate (DPC), carbonyl diimidazole 

(CDI), and pyromellitic anhydride are common 

crosslinkers that react with hydroxyl groups of 

cyclodextrins or other polymers to form a stable 

three-dimensional network. [22] Drug release 

kinetics are influenced by the degree of cross-

linking; larger cross-linking densities provide 

slower, more prolonged release patterns. [23] 

By inclusion complexation (for cyclodextrin-

based nanosponges) or physical entrapment (for 

polymer-based nanosponges), the active 

pharmaceutical ingredient (API) is contained 

inside the nanosponge matrix. [24] Nanosponges 

are adaptable for a range of therapeutic 

applications because they may combine both 

hydrophilic and hydrophobic medications. In order 

to guarantee appropriate polymer dissolution and 

uniform drug distribution, co-solvents like 

dimethylformamide (DMF) and dimethyl 

sulfoxide (DMSO) are frequently utilized during 

production. [25]  

In order to improve site-specific delivery and 

extend circulation duration, targeted ligands (like 

folic acid or antibodies) or stealth coatings (like 

polyethylene glycol or PEG) have recently been 

added to surface-modified nanosponges. [26] The 

planned route of administration, biocompatibility, 

and desirable drug release profile all influence the 

material selection. 

Table 1: Material Used in the Formulation of Nanosponges [27-30] 

Polymers Copolymers Crosslinking Agents Solvents 

Hypercrosslinked 

polystyrene 

Polyethylene glycol-polylactic 

acid (PEG-PLA) 

Carbonyl diimidazole 

(CDI) 

Ethanol 

 

Methylβ-CD Polyethylene glycol-

polyglycolide (PEG-PLGA) 

Diary carbonates Dimethylacetamide 

Hydroxy propyl β-CD Polylactic acid-polyethylene 

glycol (PLA-PEG) 

Dichloromethane Dimethylformamide 

Poly-valerolacton  Diisocyanate  

Eudragit RS100  Glutaraldehyde  

Acrylic polymer    

METHOD OF PREPARATION 

To create a highly porous, cross-linked polymeric 

structure that may effectively encapsulate drugs, a 

variety of processes are used in the creation of 

nanosponges. The most popular techniques are 

quasi-emulsion solvent diffusion, emulsion 

solvent diffusion, ultrasound-assisted synthesis, 

and solvent method. Each of these techniques has 

unique benefits in terms of scalability, drug 

loading efficiency, and particle size control. 

1) Emulsion Solvent Diffusion Method  

Because it is easy to use and repeatable, the 

emulsion solvent diffusion method is frequently 

used to create nanosponge. This process involves 

dissolving the medication and polymer (like 

cyclodextrin) in a watermiscible organic solvent 

(like ethanol or acetone). Following mechanical 

stirring or homogenization, this solution is 

emulsified in an aqueous phase containing a 

stabilizer (such as polyvinyl alcohol). Polymer 

precipitation and the creation of nanosponges 
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result from the organic solvent's diffusion into the 

aqueous phase. Centrifugation or filtration are 

used to gather the resultant particles, which are 

then lyophilized to produce a dry powder. [31] 

 
Figure 2: Emulsion-Based Solvent Diffusion Process 

2) Ultrasound-Assisted Synthesis  

Through cavitation effects, ultrasound-assisted 

synthesis decreases particle size and improves 

cross-linking efficiency. This method involves 

dispersing cyclodextrin and a cross-linker (such as 

diphenyl carbonate) in a solvent and using 

ultrasonic vibrations to promote quick and uniform 

polymerization. Aggregates are broken down by 

high-energy sonication, producing smaller, more 

uniform nanosponges with enhanced drug-loading 

capability. Because it functions at lower 

temperatures than traditional heating techniques, 

this technology is especially helpful for 

thermolabile medicines. [32] 

 
Figure 3: Sonication-Assisted Synthesis 

3) Solvent Method (Direct Cross-Linking)  

In the solvent technique, cyclodextrins are directly 

cross-linked with a bifunctional agent (such as 

pyromellitic anhydride or carbonyl diimidazole) in 

a regulated solvent solution (such as 

dimethylformamide or dimethyl sulfoxide). To 

guarantee consistent cross-linking, the reaction is 

usually conducted under reflux conditions with 

constant stirring. After that, unreacted chemicals 

are eliminated from the resultant nanosponge 

network by dialysis or repeated washing. Porosity 

and drug release kinetics may be precisely 

controlled using this technique. [33] 
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Figure 4: Solvent Method 

4) Quasi-Emulsion Solvent Diffusion  

This method increases encapsulation efficiency, 

which is very helpful for hydrophobic 

medications. A somewhat water-miscible solvent, 

such as ethyl acetate, is used to dissolve the drug 

and polymer before being emulsified in an 

aqueous phase. Nanosponges form when the 

solvent evaporates, trapping the medication in 

their matrix. To produce the appropriate particle 

properties, the process is tuned by varying the 

temperature, surfactant content, and stirring speed. 

[34] 

FACTORS INFLUENCING FORMULATION 

OF NANOSPONGES 

Nature of polymer: 

Both the formation and the pre-formulation of 

nanosponges can be influenced by the polymer 

employed in their creation. A drug molecule of a 

specific size should be able to be trapped in a 

nanosponge's cavity for complexation. [35] 

Drug: 

The drug molecules must possess the following 

particular qualities in order to be compound with 

nanosponges: • The medicinal molecule should 

have a molecular weight between 100 and 400 

Daltons. • The medication molecule's structure 

shouldn't have more than five compacted rings. 

[36] 

Temperature: 

The complexation of drugs or nanosponges may be 

impacted by temperature changes. The stability 

constant of the drug or the nanosponge complex 

often decreases as the temperature rises. This 

might be because the interaction forces between 

the drug and nanosponges, such as hydrophobic 

and Van der Waal forces, diminish as the 

temperature rises. [37] 

EVALUATION OF NANOSPONGES 

Microscopy studies  

Scanning electron microscopy (SEM) and 

transmission electron microscopy (TEM) can be 

used to investigate the microscopic characteristics 

of the drug, nanosponges, and the final product 

(drug/nanosponge complex). The various 

crystallization phases of the raw materials and the 

final result as seen under an electron microscope 

demonstrate the formation of the inclusion 

complexes. [38,39] 

Solubility studies  

The most popular approach for researching 

inclusion complexation is the phase solubility 

methodology created by Higuchi and Connors, 

which looks at how a nanosponge affects drug 

solubility. Phase solubility diagrams illustrate the 

degree of complexation. [40,41] 
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Particle Size  

In many applications, particularly drug 

administration, the performance, stability, and 

efficacy of nanosponges are significantly 

influenced by particle size. The particle size 

distribution of nanosponges is analyzed using a 

variety of methods, such as DLS, which calculates 

the hydrodynamic diameter of particles in a 

suspension. Particles larger than 30 m may feel 

gritty when applied topically, but those between 10 

and 25 m may be the best. [42] 

Zeta Potential  

Using zeta potential analysis, the nanosponges' 

stability was calculated. The zeta potential is a 

measure of the effects of electrostatic charges. 

This is the underlying force that causes nearby 

particles to repel one another. Ultimately, 

attraction or repulsion is determined by the 

intensity of both forces. [43] 

Production yield  

The production yield (PY) may be calculated by 

calculating the initial weight of raw materials and 

the final weight of nanosponges. [42] 

Production Yield = Theoretical mass – Practical 

mass of nanosponges* 100. 

Drug Entrapment Efficiency (%)  

The percentage of the total medication that is 

successfully contained or trapped within the 

nanosponge system is known as entrapment 

efficiency. Improved formulation performance is 

indicated by higher EE% readings. Following the 

appropriate dilution of 10 mg of precisely weighed 

nanosponges dispersed in 100 mL of phosphate 

buffer (pH 7.4) and filtered through filter paper, 

the absorbance of the filtrate at 261 nm was 

measured using a UV-visible A 

spectrophotometer. [44] 

𝐸𝑛𝑡𝑟𝑎𝑝𝑚𝑒𝑛𝑡 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦(%) = 𝐴𝑐𝑡𝑢𝑎𝑙 𝑑𝑟𝑢𝑔 

𝑐𝑜𝑛𝑡𝑒𝑛𝑡/𝑇ℎ𝑒𝑟𝑜𝑡𝑖𝑐𝑎𝑙 𝑑𝑟𝑢𝑔 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 ×100 

Thin Layer Chromatography  

In thin layer chromatography, a drug molecule's Rf 

values dramatically drop, making it easier to 

identify the complex formation between the drug 

and nanosponge. [43] 

Thermo-analytical methods  

Thermo-analytical methods can be used to 

ascertain if the drug substance undergoes any 

changes before the nanosponge is destroyed by 

heat. The medication ingredient may undergo a 

polymorphic transition, melt, evaporate, break 

down, or oxidize. The modification of the drug 

substance implies the formation of a complex. The 

thermogram generated by DTA and DSC can be 

examined for broadening, shifting, the addition of 

additional peaks, or the removal of certain peaks. 

Changes in weight loss can also stimulate the 

formation of inclusion complexes. [43] 

Single crystal X-ray structure analysis  

Single crystal X-ray structural analysis is used to 

identify the exact inclusion structure and 

interaction mechanism. The exact geometric 

relationship and interaction between the host and 

guest molecules may be determined. [42] 

Infra-Red Spectroscopy  

An essential analytical method for characterizing 

nanosponges is infrared (IR) spectroscopy, 

specifically FTIR (Fourier Transform Infrared 

Analysis). It sheds light on their interactions with 

encapsulated medications, functional groups, and 

chemical structure. When a complex forms, the 
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peaks of nanosponges often change just little. The 

peaks of the nanosponge's spectrum clearly 

conceal peaks that would be connected to the 

molecules of the concerned section if fewer than 

25% of the visitor molecules were encapsulated in 

the complex. [45] 

CONCLUSION 

A major development in the field of 

nanotechnology-based drug delivery, 

nanosponges provide better stability, regulated 

drug release, and increased therapeutic agent 

bioavailability. They are extremely versatile 

carriers because of their flexible structure, which 

enables the inclusion of both hydrophilic and 

hydrophobic medicines. Despite a number of 

benefits, issues including the cost of 

manufacturing, capacity, and possible toxicity 

must be resolved for clinical translation to be 

effective. The entire performance of nanosponges 

is largely dependent on the choice of suitable 

materials, fabrication techniques, and formulation 

factors. Furthermore, a comprehensive assessment 

of analytical and physicochemical methods is 

necessary to guarantee their effectiveness, safety, 

and quality. Nanosponges have enormous 

potential for use in targeted delivery of drugs and 

other medicinal applications in the future because 

to continuing research and technical 

developments. 
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