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ABSTRACT  

Advancements in pharmaceutical research have led to the 
discovery of nanosized drug delivery systems that act as a means 
to deliver drugs at the target site. The nanosized carriers are 
studied for the diagnosis (biomarkers), prevention (prophylactic 
therapy), and treatment of the diseases. Nanosponges an offshoot 
of nanotechnology have gained upstream because of their unique 
structural properties. It is a tiny sponge made up of either organic 
or inorganic material with wide cavities between them. Gases, 
micromolecules, and macromolecules of both hydrophobic and 
hydrophilic in nature can be entrapped in the structure. Progress 
in the research has led to the development of four generations of 
nanosponges namely, plain nanosponges, modified 
nanosponges, stimuli-activated nanosponges, and molecularly 
imprinted nanosponges. They offer the advantages of a 
sustained-release profile, better bioavailability, and negligible 
toxicity. The present review provides brief information on the 
structural features, different generations, methods of preparation, 
characterization techniques and application of nanosponge 
formulation 
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Nanosponges- An emerging trend in drug delivery 

Introduction 

Nanotechnology, a forthcoming and integrated part 
of the science and technology field has numerous 
applications in the field of medicine and healthcare 
system. Nanomedicine an upshot of nanotechnology 
includes the physical study, chemical interactions, 
and biological activity of the drugs involved in the 
nanometric scale for the early detection and 
prevention of ailments. Various drug delivery forms 
include nanoparticles (1), nanoemulsion (2),  
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niosomes (3), nanomicelles (4), nanodendrimers, and 

nanosponges (5). Target oriented delivery of 

therapeutic agents with improved therapeutic 

efficacy, optimized dosage regimen, and reduced 

adverse effect is the new interest in the area of drug 

delivery systems. Targeted delivery infers to the 

efficient and selective localization of therapeutic 

agents at the predefined site of action in threshold 

concentration without affecting non-targeted cells, 

thus minimizing the toxic effects. Effective targeted 

drug delivery system is the key obstacle faced by the 

researchers recently. Invention of new complex 

colloidal carrier, namely nanosponges, has the 

significant potential to overcome these obstacle. 

Nanosponges are colloidal structures made of cross-

linked polymers and its distinctive structural features 

include minute particles along with cavities in the 

nanomeric range (6,7). They are porous, non-toxic, 

 

  

(An International Journal of Medical, Pharmaceutical, and Life Sciences) 

 

Biological Sciences 

 

https://doi.org/10.55006/biolsciences.2024.4104
https://irrespub.com/
https://irrespub.com/
http://creativecommons.org/licenses/by/4.0/?ref=chooser-v1
http://creativecommons.org/licenses/by/4.0/?ref=chooser-v1
https://irrespub.com/
https://irrespub.com/biolsciences/index.php/1


Sultana N et al 2024(a) Biological Sciences, 2024, Vol. 04(01), Page 551-563 

 

biocompatible, solid, and roughly spherical in shape 

with three-dimensional networks and tiny cavities that 

have the ability to encapsulate a wide range of 

therapeutic agents. Nanosponges have gained 

considerable attention because of their unique 

structure and numerous advantages that include 

their incredible ability to be able to improve solubility 

and deliver both hydrophobic and hydrophilic drugs 

as well as proteins, antibodies, vaccines, enzymes, 

and, biocatalysts (8). These nanosized sponges have 

the cavity to encapsulate the therapeutic agents and 

special chemical “linkers” to covalently bond with the 

targeted cells. They circulate in the body till target 

cells are not encountered, where they either adsorb 

or seep into the cell and release therapeutic agents 

in a predictable and controlled manner. Both organic 

and inorganic compounds are used for its synthesis 

and this delivery form gains superiority over others 

because of its remarkable absorption properties 

although its structure consists of high porosity (9). 

The complex structure of nanosponges is basically 

the build-up of polymers that are covalently bonded 

with cross-linkers to form tiny mesh-like structures. 

The nature of polymers used in nanosponge 

preparation may influence the cross-linking and 

hence the performance of nanosponges. Alteration 

in the proportion of the cross-linker to the polymer 

can be used to control the particle size of 

nanosponges (10). The list of cross-linker and 

polymers used in the synthesis of nanosponges is 

summarized in Table 1. Nanosponges are 

encapsulating nanoparticles that can be 

administered through oral, topical, parenteral, and 

inhalation routes. The oral dose can be the dispersion 

of nanosponges in the matrix of suitable diluents, 

excipients, and lubricants used in the fabrication of 

capsules or tablets whereas, the parenteral dose may 

be the simple mixture of nanosponges in saline or 

sterile aqueous solutions. Popularly developed 

nanosponges are titanium nanosponges (11), silicon, 

polystyrene (12,13), cyclodextrin (14–16), etc. The 

most common of all the types are cyclodextrin 

nanosponges (17). Structurally they are 

oligosaccharides with a hydrophobic core. 

Glucopyranose units are arranged in a cyclic 

structure capable of forming complexes with the 

guest moieties.   

Advancement in the research has led to the 

classification of cyclodextrin nanosponges into four 

generations. The foremost generation is plain 

nanosponges. They are further divided into four 

based on the linking group between the cyclodextrin 

molecule and the cross-linker. They are the urethane 

group, carbonate group, ester group, and ether 

group. The next generation is the “modified 

nanosponges” which exhibit special properties such 

as fluorescence, and carboxylation by reacting with 

an organic cyclic anhydride or by exhibiting electrical 

charge. Stimuli-activated nanosponges are the next 

generation which responds according to external 

stimuli such as a change in pH behaviour or 

temperature-activated nanosponges. The last 

generation is the “MIPS- molecularly imprinted 

polymers” which are specifically targeted to certain 

molecules (9). 

Table 1. List of chemicals used in the synthesis of 

nanosponges. 

Polymers  Cyclodextrins and their 
derivatives such as β 
Cyclodextrins, alkyloxycarbonyl 
Cyclodextrins, hyper cross-
linked polystyrenes,  

Co-polymers  Ethylcellulose, polyvinyl acetate, 
and poly 
(valerolactoneallylvalerolactone)  

Cross-linkers  Diaryl carbonates, diphenyl 
carbonates, pyromellitic 
anhydride, epichloridine, 
glutarldehyde, carboxylic acid 
dianhydrides, dichloromethane 
and carbonyldiimidazoles  

Apolar solvents  Dimethylformamide, 
dimethylacetamide and ethanol  

 

Advantages of Nanosponges (18,19)  

1. Entrapment of a wide range of therapeutics, 

both hydrophilic and hydrophobic drugs and 

reduced adverse effects.  

2. Mask the unpleasant flavors and convert liquid 

dosage form into solid dosage form by 

incorporating immiscible liquids.  

3. Encapsulation of therapeutic agents into the 

cavity of the nanosponge prevents it from 

environmental damage and degradation.  

List of abbreviation: MIPS: Molecularly imprinted polymers; DMF: Di-methylformamide; DMS: 
Dimethylsulfoxide; PVA: Polyvinyl alcohol; PDI: Polydispersity index; UV: Ultraviolet; HPLC: High 
performance liquid chromatography; DTA: Differential Thermal Analysis; DSC: Differential Scanning 
Calorimetry; FTIR: Fourier Transform infrared; BCS: Biopharmaceutical classification system; BSA: Bovine 
serum albumin; MCF-7: Michigan Cancer Foundation-7. 
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4. Improved stability and solubility of poorly 

water-soluble drugs.  

5. Site-specific targeted delivery of the 

therapeutic agents in a controlled and 

predictable manner.  

6. Non-irritating, non-allergic, non-toxic, and 

non-allergic.  

7. Cost-effective and improved tolerance leads to 

better patient compliance.  

8. Extended-release of drugs up to 12 hours.  

9. Better physical, thermal (temperature up to 

130℃), and chemical stability.  

10. Self-sterilizing nature as bacteria cannot 

penetrate inside due to micron size pores 

(0.25µm).  

Preparation of nanosponges  

Solvent method 

The polymer is mixed in a polar (greater dipole 

moment) aprotic solvent such as DMF 

(dimethylformamide) or DMS (dimethylsulfoxide). 

This is added to an excessive cross-linker solution. 

The molar ratio of the cross-linker and the polymer 

should be in the ratio of 4-16, preferably the reaction 

is carried up to 48 hours at a temperature ranging 

from 100 ℃ to the reflux temperature of the solvent 

(fig. 1). Commonly used cross-linkers are dimethyl 

carbonate and carbonyl di imidazole. At the end of 

the reaction, the mixture is cooled to room 

temperature and then the product is retrieved by 

vacuum filtration and later by soxhlet purification. 

Afterward, the product is vacuum-dried and ground 

in the mill to get homogenous powder (20). 

 
Figure 1. Nanosponge preparation by solvent method. 

 

Emulsion-solvent diffusion method  

Different ratios of ethyl cellulose and polyvinyl 

alcohol (PVA) are employed to improve the release of 

the drug for a prolonged time. A definite quantity of 

100 polyvinyl alcohol is added to the aqueous 

external phase. The drug and the polymer are 

dissolved in 20ml of dichloromethane, this is slowly 

added to the former solution with the help of a 

magnetic stirrer at a rate of 10001500 rpm. the 

product is then dried in a hot air oven at around 40 ℃ 

and then stored in an airtight container as shown in 

Fig. 2 (21). 

 
Figure 2. Nanosponge preparation by emulsion solvent 

diffusion method. 

 

Ultrasound-Assisted synthesis 

Polymers are directly made to react with the cross-

linking agent. No solvent is involved, the solution is 

sonicated at 90℃ for 5 hours. The product obtained 

is cooled, and washed after removing the excess of 

the polymer (fig.3). Further purified by soxhlet 

extraction, dried under vacuum, and stored at room 

temperature (22). 

 
Figure 3. Nanosponge preparation by sonication method. 

 

Quasi-emulsion solvent diffusion 

It consists of two phases the outer and the inner 

phase. Eudragit RS100 is dissolved in an appropriate 

solvent and then the drug is mixed by ultrasonication 

at 35 ℃. This inner phase is added to the outer phase 

which consists of polyvinyl alcohol solution in water 

with constant stirring for about an hour. The final 

product is filtered, and dried in a hot air oven at 40 ℃ 

for almost 12 hours (23,24).  

From hyper cross-linked β-cyclodextrin 

Three-dimensional networks of roughly spherical 

structures are formed by reacting cyclodextrin with 

cross-linkers such as di-isocyanates, diaryl 

carbonates, dimethyl carbonate, and carbonyl 

diimidazole. They are about the size of proteins 

containing pores and channels in their structure (fig. 

4). The pore size of the cavities can be controlled 

along with the size of the nanosponges. Highly 

hydrophobic drugs can be incorporated into these 

moieties. Fast drug release can be achieved by 

decreasing the cross-linking of nanosponges 
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(5,25,26). β-cyclodextrin nanosponges can be 

prepared by reacting completely dissolved β-

cyclodextrin in the dimethyl formamide with carbonyl 

di-imidazole cross-linked for 4 hours at 100℃. A 

transparent cluster of hyper cross-linked cyclodextrin 

obtained at the end of the condensation 

polymerization reaction is roughly grounded and 

washed with deionized water to remove dimethyl 

formamide. Soxhlet extraction of the byproducts with 

ethanol is done to completely remove the unreacted 

reagents. Further drying of extracted powder is done 

overnight in the oven at 60℃ to obtain fine spherical 

shape powder. It is then dispersed in deionized 

water. The suspended colloidal part is recovered and 

lyophilized to get sub-micron spherical nanosponges 

(27,28). 

 
Figure 4. Nanosponge preparation by hyper cross-linked 

cyclodextrin. 

 

Polymerization 

First, a monomer is formed by preparing a solution of 

the drug. The aqueous phase is prepared separately 

by mixing a surfactant and dispersant which aids in 

the formation of a suspension. Both phases are mixed 

and the process of polymerization is initiated either 

by catalysis or by increasing the temperature 

gradient (29).  

Evaluation and characterizations of nanosponges  

The complex form between carrier nanosponges and 

the encapsulated drug should be characterized and 

evaluated for the desired parameters. 

Characterizations and evaluation of nanosponges 

include determination of particle size, zeta potential, 

morphological structure, drug loading, solubility, etc.  

Particle size and Polydispersity  

The particle size of drug-loaded and unloaded 

nanosponges can be determined by dynamic light 

scattering laser light diffractometry or Malvern zeta 

sizer. They give the mean particle size and 

Polydispersity. Further, the cumulative graph can be 

plotted between particle size and time to study the 

effect of size on the drug release pattern. For 

nanosponges, particle sizes ranging from 10 to 25 m 

are preferred in the final optimized formulation as a 

size greater than 30 m imparts grittiness (30,31).  

The Polydispersity index (PDI) can also be 

determined from the dynamic light scattering device. 

PDI gives the index of spread variation or width within 

the size distribution of particles. The lower value of 

PDI infers monodispersity whereas the higher value 

infers polydispersity and wider distribution of particle 

size (30,31).  

Zeta potential  

Zeta potential is the measurement of the charge on 

the surface of a particle. It can be easily measured by 

introducing an additional electrode to the Malvern 

zeta sizer instrument (32).  

Loading efficacy  

The loading efficacy of the nanosponge refers to the 

quantitative estimation of the amount of drug 

encapsulated in the nanosponge cavity. It can be 

determined by dissolving the nanosponge 

complexes in a suitable solvent and sonicating it to 

break the complex formation which is further diluted 

and analyzed by ultra-violet spectroscopy or high-

performance liquid chromatography technique (33–

35). The percentage loading efficacy of nanosponges 

can be calculated by the following equation: 

Drug loading efficiency (%) = (Practical amount of  
drug-loaded/Theoretical amount of drug-loaded)x 
100 
 
Microscopy study  

The microscopic aspects of the nanosponge and 

drug complexes can be studied by transmission 

electron microscopy and scanning electron 

microscopy. The formation of the inclusion complex 

is indicated by the difference in the crystallization 

state of drug-bounded and unbounded 

nanosponges. It also determines the morphological 

structure of the nanosponge formulation (27,36).  

X-ray diffractometry  

X-ray diffractometry of powder can be used to 

determine the solid stage inclusion complexation. 

For the liquid drugs, the difference in the diffraction 

pattern of complexed nanosponges and 

uncomplexed nanosponges indicates the complex 

formation, as liquids do not have a diffraction pattern 
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of their own. For solid drugs, a comparative 

evaluation of the diffraction pattern of complex 

nanosponges with that of a mixture of polymer-drug 

mixture is done. The diffraction pattern of the 

complex is used to detect the chemical 

decomposition and complex formation. Single crystal 

X-ray structure analysis can be used to detect the 

detailed geometrical structure of inclusion and 

interaction behavior of components (37).  

Solubility studies  

Higuchi and Connor’s equation of phase solubility is 

used to study the effect of the solubility of an 

incorporated drug on the complex formation and 

therapeutic efficacy of the nanosponges (24).  

Drug release kinetics  

The drug release mechanism of nanosponges can be 

studied through a multi-compartment rotating cell 

approach with a dialysis membrane in a Franz 

diffusion cell. Drug drug-loaded nanosponge 

complex is introduced in the donor compartment 

and diffusion media in the receptor compartment. 

The sample was withdrawn at a predetermined time 

period and replaced with the same volume of 

diffusion media. The sample withdrawn was then 

analyzed by UV spectroscopy or HPLC. To identify the 

mechanism of drug release kinetics from the 

nanosponge, the data obtained was analyzed by zero 

order, first order, Hixon Crowell, Higuchi, Kopcha, 

Makoid-Banakar, and Korseemeyer-Peppas models 

(38,39).  

Thermo-analytical methods  

The thermo-analytical method is used to detect the 

changes in the drug moiety before the thermal 

degradation of the drug-loaded nanosponges 

complex. The drug may undergo oxidation, 

decomposition, evaporation, polymeric transition, or 

melting. Any kind of alteration in the drug moiety 

indicates the complex formation of nanosponges. It 

can be measured by observing the shifting, 

broadening, or emergence of new peaks on the 

thermogram obtained by DTA and DSC.  

Alternation in weight loss also denotes the inclusion 

of complex formation (40). 

Fourier Transform Infrared (FTIR) analysis  

Infrared spectroscopy is used to determine the 

interaction of solid drug moiety with the 

nanosponges but its application is limited to the 

drugs having carbonyl or sulfonyl groups. Infrared 

spectral studies is done to investigate the 

involvement of hydrogen in different functional 

groups. Hence, advance Fourier Transform infrared 

(FTIR) technique is used to identify the interaction of 

drug moiety with the polymer of nanosponges by 

scanning sample from 400-4000 cm-1 range (41,42). 

Applications of nanosponges  

Nanosponges have found remarkable utility in the 

field of pharmaceuticals due to their unique feature, 

biocompatibility, and versatile nature. They can be 

used as multifunctional carriers of pharmaceutically 

active agents as well as excipients in the 

manufacturing of capsules, tablets, suspensions, 

granules, and topical dosage forms. Nanosponges 

can encapsulate a wider range of therapeutics as 

shown in Table 2. They have the ability to improve the 

product performance and stability, reduce side 

effects, and provide extended release of drugs.  

Nanosponges in drug delivery  

The nanometric size and spherical shape of 

nanosponges facilitate the preparation of various 

dosage forms such as aerosols, topical, parenteral, 

and oral. Besides, it has the ability to incorporate a 

wide range of therapeutic agents including 

hydrophilic and hydrophobic drugs. To date, the 

majority of research done has been focused on the 

use of nanosponges as carriers of drugs. Oral 

nanosponge formulation includes the dispersed 

complex in suitable excipients and diluents based on 

the dosage form (43). Parenteral nanosponge 

formulations are simple solutions of complexes in 

sterile water or saline whereas topical nanosponge 

formulations are hydrogel-containing complex (43). 

For instance, a BCS class II drug, Telmisartan, was 

reported to deliver efficiently when incorporated in 

nanosponge preparation. The in-vitro dissolution 

study showed a better solubility profile of telmisartan 

incorporated in nanosponge preparation (44). Β-

cyclodextrin based nanosponges significantly 

enhance the in-vitro therapeutic efficacy of paclitaxel 

by improving intracellular penetration and 

cytotoxicity (45,46). Topical nanosponges of an 

antifungal agent, econazole nitrate, were prepared 

by incorporating nanosponges into the hydrogel 

matrix by emulsion solvent diffusion method (23,47). 

Recently, a novel combination of advanced 

cyclodextrin nanosponge with textiles has been 

reported for controlled delivery of melatonin 

topically. The formulation showed zero-order drug 

release kinetics in the in-vitro study (48).   

Nanosponges in solubility enhancement  
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Nanosponges can be used to improve the aqueous 

solubility and dissolution profile of poorly soluble 

drugs by forming the inclusion complex while 

encapsulation. The insoluble nature of nanosponges 

prevents supersaturation and promotes the 

protection of entrapped drugs from agglomeration 

and precipitation. Nanosponges can incorporate 

both hydrophobic and hydrophilic drugs. The 

hydrophobic drugs are associated with the interior 

hydrophobic cavities whereas hydrophilic drugs 

occupy the external hydrophilic cavities. Lower drug 

crystallinity and higher thermodynamic energy result 

in increased drug dissolution and bioavailability. In 

the study, Vavia and co-workers successfully 

increased the solubility of Itraconazole by about 20-

fold by entrapping the drug into the nanosponge 

formulation. Phase solubility study of 

copolyvidonum, nanosponge, and their combination 

was performed to compare the solubility efficacy of 

nanosponge formulation (13). Besides, Itraconazole 

other BCS class II drugs in which this approach has 

been successfully applied include Doxorubicin (49), 

Paclitaxel (50), Flurbiprofen (51), and 

Dexamethasone (52), etc. Recently, Dhakar and his 

team fabricated the kynurenic acid-loaded 

cyclodextrin nanosponge formulation to evaluate the 

solubility, cytotoxicity, and antioxidant activity. The 

solubility of the drug was observed to increase 

significantly when compared to the free kynurenic 

acid with better cytotoxicity and antioxidant activity 

(17).  

Nanosponges as controlled and sustained delivery 

system  

Recently the interest in developing a drug delivery 

system that can release the drug in a controlled and 

sustained manner has been mounted. It has always 

been a great challenge to control the release of drugs 

in desire predictable way to maintain therapeutic 

efficacy. Unique features of nanosponges have 

shown great potential to solve these problems. They 

provide the nanosize cores to load the drugs from 

where drugs can be released slowly and gradually. 

The drug release mechanism of nanosponges 

depends on the crystallinity and degree of cross-

linking. For instance, an antiviral drug, acyclovir, 

having slow gastrointestinal absorption was studied 

by a team of researchers to identify the in-vitro 

release profile from the two different types of 

nanosponge preparations. Acyclovir was released in 

a sustained manner indicating the encapsulation of 

the drug into the nanostructures. Carb-nanosponges 

showed about 22% drug release whereas 

nanosponges showed approximately 70% drug 

release after 3 hours. Initial burst was not observed 

by either of the preparation, indicating strong 

adsorption of acyclovir onto the surface of 

nanosponges (53). Also, the nanosponges of the anti-

cancer drug, doxorubicin, have been observed to 

deliver the doxorubicin in a time-dependent manner 

(49). In another study, Swaminathan and team 

demonstrated drug release of 20-25% after 24 hours 

from camptothecin-loaded nanosponges. The initial 

burst of release was probably due to non-included 

drugs present in external cavities. The initial burst was 

followed by a linear and sustained release profile 

(41). Henceforth, nanosponge can be considered a 

promising drug delivery system for controlled and 

sustained delivery.   

Nanosponges for protein delivery  

Recently, the delivery of macro-biomolecules such as 

proteins and peptides has gained significant 

attraction from researchers. However, large 

molecular mass, short half-life, poor bioavailability, 

stability, and denaturation are the major obstacles 

faced by protein and peptide administration (54). 

Encapsulation of these macro-biomolecules into β-

cyclodextrin based nanosponges can boost the 

solubility and improve pharmacokinetic properties. 

Swaminathan and his team reported new expandable 

cyclodextrin-based poly (amidoamine) 

nanosponges, fabricated by cross-linking 

βcyclodextrin with either poly(amidoamine) chain or 

with 2,2-bis-acrylamidoacetic acid for the delivery of 

model protein, Bovine serum albumin (BSA). BSA 

nanosponges showed extended release for 24 hours 

with improved stability up to temperature 250-300 ℃ 

and magnificent swelling capacity. The formulation 

showed a protein encapsulation efficiency of about 

90% (14).  

Nanosponges in enzyme immobilization  

Enzyme immobilization improves the stability and 

modulates the selectivity and reaction rate of 

enzymes such as lipases. Cyclodextrin-based 

nanosponges can be used for stabilizing enzymes. 

They can preserve/enhance catalytic proficiency and 

support the immobilization of enzymes. In research, 

Boscolo and his co-worker observed that the catalytic 

performance of Pseudomonas fluorescens lipase was 

significantly enhanced when adsorbed on the 

cyclodextrin-based nanosponges. Lipases are 

important catalyzing enzymes that are necessary for 

the hydrolysis of triacylglycerols and trans-

esterification, widely utilized in industry (55).   

Nanosponges as protective agents  
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Nanosponges can act as a protective carrier of drugs 

to prevent molecular degradation from chemicals, 

enzymes, and light. Cavalli and his team showed the 

protective action of cyclodextrin nanosponges by 

incorporating a light-sensitive drug, 5-fluorouracil, in 

nanosponge formulation. Protection of the drug with 

significant cytotoxicity against the MCF-7 cells was 

observed by nanosponge encapsulated 5-

fluorouracil (10). In another study, Swaminathan 

reported the protection of camptothecin from 

chemicals by loading it in cyclodextrin-based 

nanosponges. Chemical stability, shelf-life and 

prolonged drug release profile of the drug were 

observed by camptothecin-loaded nanosponges 

(41). Further, Alongi and his team studied the 

interaction of βcyclodextrin with 2-hydroxy-

4(octyloxy)-benzophenone and triphenyl phosphite 

(UV stabilizers). The nanosponge formulation was 

observed to increase the photooxidation of 

polypylene by 3-fold (43).  

Nanosponges as a carrier for gas delivery  

Certain gases have significant roles in the diagnostic 

and treatment process such as oxygen and carbon 

dioxide. Administration of diagnostic gases in the 

desired dose is sometimes difficult to achieve. 

Nanosponges can be used as the reservoir of 

different kinds of gases. In the study, Cavalli and his 

team reported that the nanosponges can act as 

carriers of the gases by synthesizing three different 

cyclodextrin-based nanosponges and entrapping 

oxygen gas into it for topical application. Slower and 

sustained release of oxygen was observed from the 

formulation with an enhanced permeation profile 

(56).  

Nanosponges as topical agents  

Conventional topical products often provide drugs at 

relatively high concentrations for shorter periods 

which may lead to short-term overdosing followed by 

long-term underdosing. In contrast, topical 

nanosponges provide even and sustained release of 

drugs. Also, nanosponge formulation increases the 

penetration of the drug and reduces the side effects. 

For the topical preparation, drug-loaded 

nanosponges are encapsulated into the creams and 

gels. One such formulation was manufactured by 

Pathak and his team, wherein, econazole nitrate 

nanosponge was fabricated by emulsion solvent 

diffusion method. Econazole nitrate, a commonly 

used antifungal agent is applied topically for the 

treatment of superficial candidiasis and other skin 

infections. The hydrogel formulation showed 

improved retention time on the skin and sustained 

release of drug for 12 hours (47).     

Nanosponges in cancer therapy  

Targeting the property of nanosponges to the 

specific site enables to efficacy of anticancer drugs by 

bypassing the hurdle created by immune systems. 

Nanosponges efficiently bind with radiation-induced 

tumor cell surface receptors and trigger the drug 

release. Suppression of growth of various cancer cells 

had been reported by the single dose of anticancer 

drugs loaded nanosponge such as breast cancer. 

Camptothecin, an unstable lipophilic anticancer 

drug, was complexed with βcyclodextrin 

nanosponge to improve the solubility and stability of 

the drug, thereby increasing the therapeutic efficacy 

(41,57).  

Other applications of nanosponges 

Nanosponges based on cyclodextrin have strong 

bonding ability with organic molecules. This property 

of cyclodextrin-based nanosponges can be widely 

used in the purification of water (10). Another 

application of nanosponges was reported by Wong 

and team, wherein, they formulated three-

dimensional nanosponges to fractionalize the 

peptides for proteomic use (58). Sapino and team 

prepared gamma-oryzanol-loaded nanosponges, 

which are used in sunscreen, to enhance skin 

penetration for a prolonged time period and improve 

the skin protection ability (59). Researchers have also 

entrapped essential oil in cyclodextrin nanosponge 

and observed prolonged release, which can be used 

in perfume industries (60). 

Future perspectives  

In the near future, healthcare and pharmaceutical 

industries might use nanosponges as a remedy to the 

various existing chemical, physical, and biological 

problems concerned with disease therapy. The 

extensive targeting feature of the nanosponges 

might attract its exploration as diagnostic agents, 

especially in cancer imaging. It has the ability to 

stabilize the unidentified cancer biomarkers which 

readily undergoes enzymatic degradation even 

before detection. Targeting the bioactive compound 

faces great challenges such as optimization of safe 

and efficient delivery of bioactive into the cytosol. 

Loading these compounds into the nanosponges 

conjugated with special linkers will ensure the release 

of the compound in a controlled manner instead of 

burst release which is exhibited by other 

nanoparticles. However, loading of such drugs into 
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nanosponges might need “molecular transporters” to 

pull the drug-carrying nanosponges into the targeted 

cancer cells. The future is also likely to witness the 

nanosponge compositions with the ability to deliver 

the vaccines. 

Conclusion 

Table 2. Various drugs encapsulated in nanosponge drug delivery system. 
Nanosponge 
vehicle 

Drug Indication Model Remark Ref 

Cyclodextrin Temoporfin Tumor Pharynx 
squamous 
Cell carcinoma 

Inhibited the 
cellular uptake 

(61) 

Cyclodextrin Doxorubicin Breast cancer Mice Enhance the 
antitumor activity 

(49) 

Dimethyl 
carbonate 

Curcumin and 
Caffeine 

Psoriasis In-vitro Enhance the 
antipsoriatic 
activity 

(62) 

Cyclodextrin Oxyresveratrol Prostate and 
colon cancer 

HT-29, HCT-116 
and PC-3 
cancer cell 

Better inhibition of 
cell viability 

(63) 

Cyclodextrin Febuxostate Bioavailability SD rats Improved the oral 
bioavailability 

(64) 

Phi29 DNA 
polymerase 

DNA Breast cancer MCF-7 cell Induced apoptosis 
and enhancer 
anticancer activity 

(65) 

Cyclodextrin Imiquimod Topical disease In-vitro Enhanced 
penetration 

(66) 

Cyclodextrin Paclitaxel Cancer HUVE cell, 
C57/BL6 and 
B16-BL6 cell 

Inhibited growth 
and angiogenesis 

(50) 

Cyclodextrin Kynurenic acid Neuroprotectiv, 
antioxidant and 
free radical 
scavenging 

In-vitro Increased 
solubility and 
antioxidant activity 

(17) 

Cyclodextrin Resveratrol and 
Oxyresveratrol 

Solubility, 
Cytotoxicity and 
photo-stability 

In-vitro Increased solubility, 
better stability and 
antioxidant activity 

(67) 

Cyclodextrin Norfloxacin Bacterial infection Sepsis model Enhanced 
permeation and 
improved 
antibacterial 
activity 

(68) 

Cyclodextrin Ellagic acid Solubility and 
bioavailability 

Male white 
rabbit 

Improved the oral 
bioavailability 

(69) 

Cyclodextrin Atorvastatin Bioavailability SD rats Improved the oral 
bioavailability 

(70) 

Cyclodextrin Flurbiprofen Solubility In-vitro Improved 
diffusion. 

(51) 

Cyclodextrin Rilpivirine Solubility and 
bioavailability 

Rats Improved solubility 
and oral 
bioavailability 

(71,7
2) 

Diacrylated 
Pluronic  F 
127 

Heparin Anti-coagulant 
bioacivity 

In-vitro Decreased  anti- 
coagulant activity 
and sustained 
release of growth 
factors 

(73) 

GoldDicopper 
oxide 

Doxorubicin Breast cancer MCF-7 cell Minimize the toxic 
effect and enhance 
the therapeutic 
efficacy 

(74) 

Cyclodextrin Erlotinib Cytotoxicity and 
bioavailability 

MIA PaCa2, 
PANC-1 and SD 
rats 

Improved the oral 
bioavailability and 
increased toxicity 

(75) 

Cyclodextrin Gabapentin Bioavailability Male wistar 
rats 

Improved the oral 
bioavailability 

(76) 
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Nanotechnology has minimized all the processes at 

the nanometric scale. The multifaceted approach of 

nanotechnology has led to the development of many 

formulations that are advantageous over the other 

conventional formulations. The application of 

technology has led to the utilization of many software 

used for the optimization of formulations. The 

obstacles in formulation development such as the 

burst effect, stability problems, and drug loading 

issues can be overcome by employing these 

miniature systems as drug delivery carriers. The 

degree of crosslinking is varied to optimize the 

viscoelasticity of the desired formulation. The stimuli-

activated nanosponges and molecularly imprinted 

nanosponges can be employed for effective drug 

targeting. Nanosponges find their applications as the 

carriers of both lipophilic and hydrophilic drugs, 

carriers of protein, peptides and enzymes, 

biomarkers, and, purifiers also in the field of 

cosmetics. The future research goals must be to 

reduce the cost of synthesis of nanosponges on a 

large scale and also to avoid the adverse effects of 

the polymers employed. 

Contribution of authors 

Not applicable 

Acknowledgments 

The author is thankful to the Director of, the Central 
Drug Research Institute for constant 
encouragement and support.  

Conflict of Interest 

The author declares that there is no conflict of 
interest regarding the publication of this paper.  

References 

1. Yogesh S, Sumeet D, Shailesh G, Alpa J, Anil 
K. A comprehensive review on nanoparticle 
drug delivery system.   

2. Ansari V, Ahmad U, Upadhyay T, Sultana N, 
Akhtar J. Exploring nanoemulsion for liver 
cancer therapy. Curr Cancer Ther Rev. 
2020;16:1–9.   

3. Sharma D, Ali AAE, Aate JR. Niosomes as 
Novel Drug Delivery System: Review Article. 
Pharmatutor. 2018 Mar 1;6(3):58.   

4. Mohamed S, Parayath NN, Taurin S, Greish K. 
Polymeric nano-micelles: Versatile platform 
for targeted delivery in cancer. Vol. 5, 
Therapeutic Delivery. Future Science Ltd; 
2014. p. 1101–21.   

5. Jilsha G, Viswanad V. Nanosponges: A novel 
approach of drug delivery system. Int J Pharm 
Sci Rev Res. 2013;19(2):119–23.   

6. Trotta F, Zanetti M, Cavalli R. Cyclodextrin-
based nanosponges as drug carriers. Beilstein 
J Org Chem [Internet]. 2012/11/29. 
2012;8:2091–9. Available from: 
https://pubmed.ncbi.nlm.nih.gov/23243470  

7. Trotta F, Dianzani C, Caldera F, Mognetti B, 
Cavalli R. The application of nanosponges to 
cancer drug delivery. Expert Opin Drug Deliv 
[Internet]. 2014;11(6):931–41. Available from: 
http://dx.doi.org/10.1517/17425247.2014.9
11729  

8. Sherje AP, Dravyakar BR, Kadam D, Jadhav M. 
Cyclodextrin-based nanosponges: A critical 
review. Carbohydr Polym [Internet]. 
2017;173:37–49. Available from: 
http://dx.doi.org/10.1016/j.carbpol.2017.05.
086  

9. Caldera F, Tannous M, Cavalli R, Zanetti M, 
Trotta F. Evolution of Cyclodextrin 
Nanosponges. Int J Pharm [Internet]. 
2017;531(2):470–9. Available from: 
http://dx.doi.org/10.1016/j.ijpharm.2017.06.
072  

10. Euvrard É, Morin-Crini N, Druart C, Bugnet J, 
Martel B, Cosentino C, et al. Cross-linked 
cyclodextrin-based material for treatment of 
metals and organic substances present in 
industrial discharge waters. Beilstein J Org 
Chem [Internet]. 2016 Aug 12 [cited 2020 Nov 
13];12(1):1826–38. Available from: 
https://www.beilsteinjournals.org/bjoc/article
s/12/172  

11. Guo L, Gao G, Liu X, Liu F. Preparation and 
characterization of TiO2 nanosponge. Mater 
Chem Phys [Internet]. 2008;111(2–3):322–5. 
Available from: 
http://dx.doi.org/10.1016/j.matchemphys.20
08.04.016  

12. Dakankov V, Llyin M, Tsyurupa M, 
Macromolecules GT-, 1998  undefined. From 
a dissolved polystyrene coil to 
intramolecularly hyper cross linked 
nanosponges.   

13. Swaminathan S, Vavia PR, Trotta F, Torne S. 
Formulation of betacyclodextrin based 
nanosponges of itraconazole. J Incl Phenom 
Macrocycl Chem [Internet]. 2007;57(1–4):89–
94. Available from: 
http://dx.doi.org/10.1007/s10847-006-9216-
9  

14. Swaminathan S, Cavalli R, Trotta F, Ferruti P, 
Ranucci E, Gerges I, et al. In vitro release 
modulation and conformational stabilization 
of a model protein using swellable 
polyamidoamine nanosponges of β-



Sultana N et al 2024(a) Biological Sciences, 2024, Vol. 04(01), Page 551-563 

 

cyclodextrin. J Incl Phenom Macrocycl Chem 
[Internet]. 2010;68(1–2):183–91. Available 
from: http://dx.doi.org/10.1007/s10847-
0109765-9  

15. Swaminathan S, Cavalli R, Trotta F. 
Cyclodextrin-based nanosponges: a versatile 
platform for cancer nanotherapeutics 
development. Wiley Interdiscip Rev 
Nanomedicine Nanobiotechnology [Internet]. 
2016;8(4):579–601. Available from: 
http://dx.doi.org/10.1002/wnan.1384  

16. Trotta F, Caldera F, Dianzani C, Argenziano M, 
Barrera G, Cavalli R. Glutathione 
Bioresponsive Cyclodextrin Nanosponges. 
Chempluschem [Internet]. 2015;81(5):439–
43. Available from: 
http://dx.doi.org/10.1002/cplu.201500531  

17. Dhakar NK, Caldera F, Bessone F, Cecone C, 
Rubin Pedrazzo A, Cavalli R, et al. Evaluation 
of solubility enhancement, antioxidant 
activity, and cytotoxicity studies of kynurenic 
acid loaded cyclodextrin nanosponge. 
Carbohydr Polym [Internet]. 2019 Nov 15 
[cited 2020 Nov 9];224. Available from: 
https://pubmed.ncbi.nlm.nih.gov/31472867/  

18. Patil RS, Uddhav Kemkar V, Patil SS. 
Microsponge Drug Delivery System: A Novel 
Dosage Form. Rev Artic Am J PharmTech Res 
[Internet]. 2012 [cited 2020 Nov 13];2(4). 
Available from: www.ajptr.com  

19. Ahmed RZ, Patil G, Zaheer Z. Nanosponges - 
A completely new nano-horizon: 
Pharmaceutical applications and recent 
advances. Drug Dev Ind Pharm. 
2013;39(9):1263– 72.   

20. Arshad K, Khan A, Bhargav E, Rajesh Reddy K, 
Sowmya C. Nanosponges: A New Approach 
for Drug Targetting. IJPPR. 2016;7(7):381–96.   

21. Kurhe A, Prakash K, Pande V. Scaffold based 
drug delivery system: A special emphasis on 
nanosponges. IJPDA. 2015;3(4).   

22. Jyoti P, Tulsi B. An Innovative Advancement 
for Targeted Drug Delivery: Nanosponges. 
Indo Glob J Pharm Sci. 2016;6(2):59–64.   

23. Sharma R, Walker R, Pathak K. Evaluation of 
the kinetics and mechanism of drug release 
from Econazole nitrate nanosponge loaded 
Carbapol Hydrogel. 2011;   

24. Simranjot Kaur, Sandeep Kumar. The 
nanosponges: An innovative drug delivery 
system. Asian J Pharm Clin Res. 2019;12:60–7.   

25. Davankov VA, Ilyin MM, Tsyurupa MP, 
Timofeeva GI, Dubrovina L V. From a 
dissolved polystyrene coil to an 
intramolecularly-hyper-cross-linked 
`Nanosponge’. Macromolecules [Internet]. 
1996 Jan 1 [cited 2020 Nov 13];29(26):8398–

403. Available from: 
https://pubs.acs.org/sharingguidelines  

26. Setijadi E, Tao L, Liu J, Jia Z, Boyer C, Davis TP. 
Biodegradable star polymers functionalized 
with β-cyclodextrin inclusion complexes. 
Biomacromolecules [Internet]. 2009 Sep 14 
[cited 2020 Nov 13];10(9):2699–707. 
Available from: 
https://pubs.acs.org/sharingguidelines  

27. Swaminathan S, Vavia PR, Trotta F, Torne S. 
Formulation of betacyclodextrin based 
nanosponges of itraconazole. In: Journal of 
Inclusion Phenomena and Macrocyclic 
Chemistry. 2007. p. 89–94.   

28. Trotta F, Zanetti M, Cavalli R. Cyclodextrin-
based nanosponges as drug carriers 
[Internet]. Vol. 8, Beilstein Journal of Organic 
Chemistry. Beilstein-Institut; 2012 [cited 2020 
Nov 13]. p. 2091–9. Available from: 
/pmc/articles/PMC3520565/?report=abstract  

29. Caldera F, Tannous M, Cavalli R, Zanetti M, 
Trotta F. Evolution of Cyclodextrin 
Nanosponges. Int J Pharm [Internet]. 2017 
Oct 15 [cited 2020 Nov 13];531(2):470–9. 
Available from: 
https://linkinghub.elsevier.com/retrieve/pii/S
037851731730580X  

30. Ahmed RZ, Patil G, Zaheer Z. Nanosponges – 
a completely new nano-horizon: 
pharmaceutical applications and recent 
advances. Drug Dev Ind Pharm [Internet]. 
2012;39(9):1263–72. Available from: 
http://dx.doi.org/10.3109/03639045.2012.6
94610  

31. Yadav GV, Panchory HP. Nanosponges – a 
boon to the targeted drug delivery system. J 
Drug Deliv Ther [Internet]. 2013;3(4). 
Available from: 
http://dx.doi.org/10.22270/jddt.v3i4.564  

32. Challa R, Ahuja A, Ali J, Khar RK. Cyclodextrins 
in drug delivery: an updated review. AAPS 
PharmSciTech [Internet]. 2005 Oct 
14;6(2):E329–57. Available from: 
https://pubmed.ncbi.nlm.nih.gov/16353992  

33. Awasthi R, Kumar M. Development of 
Metronidazole-Loaded Colon-Targeted 
Microparticulate Drug Delivery System. Polym 
Med [Internet]. 2015;45(2):57–65. Available 
from: http://dx.doi.org/10.17219/pim/60583  

34. Aggarwal G, Nagpal M, Kaur G. Development 
and Comparison of Nanosponge and 
Niosome based Gel for the Topical Delivery of 
Tazarotene. Pharm Nanotechnol [Internet]. 
2016;4(3):213–28. Available from: 
http://dx.doi.org/10.2174/22117385046661
60804154213  

35. Dewan I, Islam S, Rana MS. Characterization 
and Compatibility Studies of Different Rate 



Sultana N et al 2024(a) Biological Sciences, 2024, Vol. 04(01), Page 551-563 

 

Retardant Polymer Loaded Microspheres by 
Solvent Evaporation Technique: In Vitro-In 
Vivo Study of Vildagliptin as a Model Drug. J 
Drug Deliv [Internet]. 2015/11/12. 
2015;2015:496807. Available from: 
https://pubmed.ncbi.nlm.nih.gov/26640713  

36. Sehgal N, N VG, Kanna S. A review on 
nanosponges a review on nanosponges: a 
boon to targeted drug delivery for anticancer 
drug. Asian J Pharm Clin Res [Internet]. 
2019;1–7. Available from: 
http://dx.doi.org/10.22159/ajpcr.2019.v12i7.
33118  

37. Singh R, Bharti N, Madan J, Hiremath S. 
Characterization of Cyclodextrin Inclusion 
Complexes - A Review. undefined. 2010;   

38. Srinivas P, Reddy A. Formulation and 
Evaluation of Isoniazid Loaded Nanosponges 
for Topical Delivery. Pharm Nanotechnol 
[Internet]. 2015 Jul 24 [cited 2020 Nov 
13];3(1):68–76. Available from: 
http://www.eurekaselect.com/openurl/conte
nt.php?genre=article&issn=2211-
7385&volume=3&issue=1&spage=68  

39. Preparation and evaluation of 
alginate/chitosan nanodispersions for ocular 
delivery [Internet]. [cited 2020 Nov 13]. 
Available from: 
https://innovareacademics.in/journals/index.
php/ijpps/article/view/6143  

40. Shoaib QUA, Abbas N, Irfan M, Hussain A, 
Arshad MS, Hussain SZ, et al. Development 
and evaluation of scaffold-based nanosponge 
formulation for controlled drug delivery of 
naproxen and ibuprofen. Trop J Pharm Res. 
2018;17(8):1465–74.   

41. Swaminathan S, Pastero L, Serpe L, Trotta F, 
Vavia P, Aquilano D, et al. Cyclodextrinbased 
nanosponges encapsulating camptothecin: 
Physicochemical characterization, stability 
and cytotoxicity. Eur J Pharm Biopharm 
[Internet]. 2010;74(2):193–201. Available 
from: 
http://dx.doi.org/10.1016/j.ejpb.2009.11.003  

42. Kaur S, Kumar S. The nanosponges: An 
innovative drug delivery system. Asian J 
Pharm Clin Res [Internet]. 2019;60–7. 
Available from: 
http://dx.doi.org/10.22159/ajpcr.2019.v12i7.
33879  

43. Alongi J, Poskovic M, Frache A, Trotta F. Role 
of β-cyclodextrin nanosponges in 
polypropylene photooxidation. Carbohydr 
Polym. 2011 Aug 1;86(1):127–35.   

44. Rao M, Bajaj A, Khole I, Munjapara G, Trotta F. 
In vitro and in vivo evaluation of βcyclodextrin-
based nanosponges of telmisartan. J Incl 
Phenom Macrocycl Chem [Internet]. 2013 Dec 

23 [cited 2020 Nov 13];77(1–4):135–45. 
Available from: 
https://link.springer.com/article/10.1007/s10
847-012-0224-7  

45. Clemente N, Argenziano M, Gigliotti CL, 
Ferrara B, Boggio E, Chiocchetti A, et al. 
Paclitaxel-loaded nanosponges inhibit growth 
and angiogenesis in melanoma cell models. 
Front Pharmacol. 2019 Jul 1;10.   

46. Torne SJ, Ansari KA, Vavia PR, Trotta F, Cavalli 
R. Enhanced oral paclitaxel bioavailability 
after administration of paclitaxel-loaded 
nanosponges. Drug Deliv. 2010;17(6):419–
25.   

47. Sharma R, Pathak K. Polymeric nanosponges 
as an alternative carrier for improved 
retention of econazole nitrate onto the skin 
through topical hydrogel formulation. Pharm 
Dev Technol [Internet]. 2011 Aug [cited 2020 
Nov 13];16(4):367–76. Available from: 
https://www.tandfonline.com/doi/abs/10.310
9/10837451003739289  

48. Mihailiasa M, Caldera F, Li J, Peila R, Ferri A, 
Trotta F. Preparation of functionalized cotton 
fabrics by means of melatonin loaded β-
cyclodextrin nanosponges. Carbohydr Polym. 
2016 May 20;142:24–30.   

49. Argenziano M, Gigliotti CL, Clemente N, 
Boggio E, Ferrara B, Trotta F, et al. 
Improvement in the anti-tumor efficacy of 
doxorubicin nanosponges in in vitro and in 
mice bearing breast tumor models. Cancers 
(Basel) [Internet]. 2020 [cited 2020 Nov 
13];12(1). Available from: 
/pmc/articles/PMC7016577/?report=abstract  

50. Clemente N, Argenziano M, Gigliotti CL, 
Ferrara B, Boggio E, Chiocchetti A, et al. 
Paclitaxel-loaded nanosponges inhibit growth 
and angiogenesis in melanoma cell models. 
Front Pharmacol [Internet]. 2019 Jul 1 [cited 
2020 Nov 9];10. Available from: 
/pmc/articles/PMC6639435/?report=abstract  

51. Pavani A, Rama B. Formulation and in vitro 
characterization of flurbiprofen nanosponges 
[Internet]. Vol. 8. [cited 2020 Nov 13]. 
Available from: www.ijrpc.com  

52. Swaminathan S, Vavia PR, Trotta F, Cavalli R. 
Nanosponges encapsulating dexamethasone 
for ocular delivery: Formulation design, 
physicochemical characterization, safety and 
corneal permeability assessment. J Biomed 
Nanotechnol [Internet]. 2013 Jun [cited 2020 
Nov 13];9(6):998–1007. Available from: 
https://pubmed.ncbi.nlm.nih.gov/23858964/  

53. Lembo D, Swaminathan S, Donalisio M, Civra 
A, Pastero L, Aquilano D, et al. Encapsulation 
of Acyclovir in new carboxylated cyclodextrin-
based nanosponges improves the agent’s 



Sultana N et al 2024(a) Biological Sciences, 2024, Vol. 04(01), Page 551-563 

 

antiviral efficacy. Int J Pharm [Internet]. 2013 
Feb 25 [cited 2020 Nov 13];443(1–2):262–72. 
Available from: 
https://pubmed.ncbi.nlm.nih.gov/23279938/  

54. Schwartz D, Sofia S, Friess W. Integrity and 
stability studies of precipitated rhBMP-2 
microparticles with a focus on ATR-FTIR 
measurements. Eur J Pharm Biopharm 
[Internet]. 2006 Jul 3 [cited 2020 Nov 
13];63(3):241–8. Available from: 
https://linkinghub.elsevier.com/retrieve/pii/S
0939641106000440  

55. Boscolo B, Trotta F, Ghibaudi E. High catalytic 
performances of Pseudomonas fluorescens 
lipase adsorbed on a new type of 
cyclodextrin-based nanosponges. J Mol Catal 
B Enzym. 2010 Feb;62(2):155–61.   

56. Cavalli R, Akhter AK, Bisazza A, Giustetto P, 
Trotta F, Vavia P. Nanosponge formulations as 
oxygen delivery systems. Int J Pharm 
[Internet]. 2010 Dec 15 [cited 2020 Nov 
13];402(1–2):254–7. Available from: 
https://pubmed.ncbi.nlm.nih.gov/20888402/  

57. Minelli R, Cavalli R, Ellis L, Pettazzoni P, Trotta 
F, Ciamporcero E, et al. 
Nanospongeencapsulated camptothecin 
exerts anti-tumor activity in human prostate 
cancer cells. Eur J Pharm Sci [Internet]. 2012 
Nov 20 [cited 2020 Nov 9];47(4):686–94. 
Available from: 
https://pubmed.ncbi.nlm.nih.gov/22917641/  

58. Wong VN, Fernando G, Wagner AR, Zhang J, 
Kinsel GR, Zauscher S, et al. Separation of 
peptides with polyionic nanosponges for 
MALDI-MS analysis. Langmuir [Internet]. 2009 
Feb 3 [cited 2020 Nov 13];25(3):1459–65. 
Available from: 
/pmc/articles/PMC2716796/?report=abstract  

59. Sapino S, Carlotti ME, Cavalli R, Ugazio E, 
Berlier G, Gastaldi L, et al. Photochemical and 
antioxidant properties of gamma-oryzanol in 
beta-cyclodextrin-based nanosponges. J Incl 
Phenom Macrocycl Chem [Internet]. 2013 Feb 
12 [cited 2020 Nov 13];75(1–2):69–76. 
Available from: 
https://link.springer.com/article/10.1007/s10
847-012-0147-3  

60. Toan T, Paul CJ, Anthony GP, Lee MM, David 
P, Schmaedecke ZS. Uncomplexed 
cyclodextrin solutions for odor control on 
inanimate surfaces [Internet]. 1994 [cited 
2020 Nov 13]. Available from: 
https://www.surechembl.org/document/US-
5714137-A  

61. Yakavets I, Guereschi C, Lamy L, Kravchenko I, 
Lassalle HP, Zorin V, et al. Cyclodextrin 
nanosponge as a temoporfin nanocarrier: 
Balancing between accumulation and 

penetration in 3D tumor spheroids. Eur J 
Pharm Biopharm [Internet]. 2020 Sep 1 [cited 
2020 Nov 9];154:33–42. Available from: 
https://linkinghub.elsevier.com/retrieve/pii/S
0939641120301934  

62. Iriventi P, Gupta NV, Osmani RAM, 
Balamuralidhara V. Design & development of 
nanosponge loaded topical gel of curcumin 
and caffeine mixture for augmented 
treatment of psoriasis. DARU, J Pharm Sci 
[Internet]. 2020 [cited 2020 Nov 9]; Available 
from: 
https://pubmed.ncbi.nlm.nih.gov/32472531/  

63. Matencio A, Dhakar NK, Bessone F, Musso G, 
Cavalli R, Dianzani C, et al. Study of 
oxyresveratrol complexes with insoluble 
cyclodextrin based nanosponges: 
Developing a novel way to obtain their 
complexation constants and application in an 
anticancer study. Carbohydr Polym [Internet]. 
2020 Mar 1 [cited 2020 Nov 9];231. Available 
from: 
https://pubmed.ncbi.nlm.nih.gov/31888848/  

64. Amin OM, Ammar A, Eladawy SA. Febuxostat 
loaded β-cyclodextrin based nanosponge 
tablet: an in vitro and in vivo evaluation. J 
Pharm Investig. 2020 Jul 1;50(4):399–411.   

65. Zhang K, Liu J, Song Q, Yang X, Wang D, Liu 
W, et al. DNA Nanosponge for Adsorption 
and Clearance of Intracellular miR-21 and 
Enhanced Antitumor Chemotherapy. ACS 
Appl Mater Interfaces [Internet]. 2019 Dec 18 
[cited 2020 Nov 9];11(50):46604–13. 
Available from: www.acsami.org  

66. Argenziano M, Haimhoffer A, Bastiancich C, 
Jicsinszky L, Caldera F, Trotta F, et al. In vitro 
enhanced skin permeation and retention of 
imiquimod loaded in β-cyclodextrin 
nanosponge hydrogel. Pharmaceutics 
[Internet]. 2019 Mar 1 [cited 2020 Nov 
9];11(3). Available from: 
https://pubmed.ncbi.nlm.nih.gov/30897794/  

67. Dhakar NK, Matencio A, Caldera F, 
Argenziano M, Cavalli R, Dianzani C, et al. 
Comparative Evaluation of Solubility, 
Cytotoxicity and Photostability Studies of 
Resveratrol and Oxyresveratrol Loaded 
Nanosponges. Pharmaceutics [Internet]. 2019 
Oct 20 [cited 2020 Nov 9];11(10). Available 
from: 
http://www.ncbi.nlm.nih.gov/pubmed/31635
183  

68. Mendes C, Meirelles GC, Barp CG, Assreuy J, 
Silva MAS, Ponchel G. Cyclodextrin based 
nanosponge of norfloxacin: Intestinal 
permeation enhancement and improved 
antibacterial activity. Carbohydr Polym 
[Internet]. 2018 Sep 1 [cited 2020 Nov 



Sultana N et al 2024(a) Biological Sciences, 2024, Vol. 04(01), Page 551-563 

 

9];195:586–92. Available from: 
https://pubmed.ncbi.nlm.nih.gov/29805015/  

69. Mady Mohammed Fatma IMRS. Cyclodextrin-
based nanosponge for improvement of 
solubility and oral bioavailability of Ellagic 
acid [Internet]. 2018 [cited 2020 Nov 9]. p. 
2069–76. Available from: 
https://www.researchgate.net/publication/32
8769650_Cyclodextrin-
based_nanosponge_for_improvement_of_sol
ubility_and_oral_bioavailability_of_Ellagic_ac
id  

70. Zidan MF, Ibrahim HM, Afouna MI, Ibrahim EA. 
In vitro and in vivo evaluation of cyclodextrin-
based nanosponges for enhancing oral 
bioavailability of atorvastatin calcium. Drug 
Dev Ind Pharm. 2018 Aug 3;44(8):1243–53.   

71. Rao MRP, Chaudhari J, Trotta F, Caldera F. 
Investigation of Cyclodextrin-Based 
Nanosponges for Solubility and Bioavailability 
Enhancement of Rilpivirine. AAPS 
PharmSciTech. 2018 Jul 1;19(5):2358–69.   

72. Zainuddin R, Zaheer Z, Sangshetti JN, Momin 
M. Enhancement of oral bioavailability of anti-
HIV drug rilpivirine HCl through nanosponge 
formulation. Drug Dev Ind Pharm [Internet]. 
2017 Dec 2 [cited 2020 Nov 9];43(12):2076–
84. Available from: 
https://pubmed.ncbi.nlm.nih.gov/28845699/  

73. Choi W Il, Sahu A, Vilos C, Kamaly N, Jo SM, 
Lee JH, et al. Bioinspired Heparin 
Nanosponge Prepared by Photo-crosslinking 
for Controlled Release of Growth Factors. Sci 
Rep [Internet]. 2017 Dec 1 [cited 2020 Nov 
9];7(1). Available from: 
/pmc/articles/PMC5662564/?report=abstract  

74. Zheng T, Li GG, Zhou F, Wu R, Zhu JJ, Wang 
H. Gold-nanosponge-based 
multistimuliresponsive drug vehicles for 
targeted chemo-photothermal therapy. Adv 
Mater [Internet]. 2016 Oct 1 [cited 2020 Nov 
9];28(37):8218–26. Available from: 
https://onlinelibrary.wiley.com/doi/full/10.10
02/adma.201602486  

75. Dora CP, Trotta F, Kushwah V, Devasari N, 
Singh C, Suresh S, et al. Potential of erlotinib 
cyclodextrin nanosponge complex to 
enhance solubility, dissolution rate, in vitro 
cytotoxicity and oral bioavailability. 
Carbohydr Polym [Internet]. 2016 Feb 10 
[cited 2020 Nov 9];137:339–49. Available 
from: 
https://linkinghub.elsevier.com/retrieve/pii/S
0144861715010607  

76. Rao MRP, Bhingole RC. Nanosponge-based 
pediatric-controlled release dry suspension of 
Gabapentin for reconstitution. Drug Dev Ind 
Pharm [Internet]. 2015 Dec 2 [cited 2020 Nov 

9];41(12):2029–36. Available from: 
http://www.tandfonline.com/doi/full/10.3109
/03639045.2015.1044903  

 


