
INTRODUCTION
While designing a drug delivery system, researchers 
mainly focus on delivering the accurate amount of drug at 
the target site. In this way, many approaches are utilized 
by using modern nanotechnology, which proved best in its 
manner.1 Nanotechnology is a branch of science that employs 
nanomaterials at the nanoscale for creating nanoengineered 
products with advanced features and improved characteristics 
in the size range of 1 to 100 nm. One billionth of a meter is 
a nanometer. Nanomaterials are physical compounds with 
at least one fraction in the range of 1 to 100 nm.2 These 
NPs are observed in a number of diverse shapes, including 
polymeric nanoparticles, hard-phospholipid nanoparticles, 
nanoemulsions, dendrimers, nanosponges, liposomes, carbon 
nanotubes, micellar systems, etc.3 In this regard, the use of 
nanotechnology in the medical field is transitioning from 
passive structures’ to ‘active structures’ through more precise 
pharmacological drug therapies or “smart drugs” that are 
made by coupling certain ligands to nanocarriers or aptamers. 
A wide variety of drug substances like antifungal, antiviral, 
anti-cancer, volatile oils, gases, proteins and peptides can be 
ensnared in colloidal nanoparticulate structures known as 
nanosponges. 

NS are 3D spongy structures, around the size of a virus 
containing nanometric cavities or voids. Simply they are 
encapsulating drug delivery systems.4,5 These sponges move 

all around the body until they identify the exact target, attach 
to the surface, and release the drug gradually. They are five 
times more efficient than conventional techniques at delivering 
drugs for breast cancer and are non-irritating, non-mutagenic, 
non-allergic, and non-toxic.6 NS are solid by nature, capable 
of ensnaring both hydrophilic and lipophilic substances. Due 
to this property, they are suitable for enhancing the solubility, 
permeability as well as bioavailability of compromised drugs 
like camptothecin, paclitaxel, dexamethasone, etc. It also helps 
less or poor water-soluble molecules become more soluble 
by encapsulating them in polar cavities. They are porous, 
insoluble in water and other organic solvents, innocuous and 
stable up to 300℃. 

The development of nanosponges involves the use of many 
polymers and cross-linkers which result in the delivery of 
entrapped drugs in a controlled predictable way at the target 
site.7 In this way, NS is the leading frontier in drug delivery 
which reduces the dose and dose-related toxicities. It can be 
administered through oral, parenteral, and topical routes. Oral 
administration of NS can be done in the form of capsules, 
tablets, or solid dispersions by using suitable excipients and 
diluents that deliver the drug efficiently at the target site.8 For 
the parenteral route different aqueous solutions like sterile 
water, and saline is used for NS dispersion while in topical 
delivery hydrogel is best suited. This ultimately results in 
improved safety, effectiveness, patient compliance, an extended 
drug shelf life, and ultimately lower healthcare expenditures.
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Diverse Characteristics of Nanosponges 
• NS are colloidal nanocarriers able to ensnare a wide variety 

of drug moieties in the core.9
• The drug should have a molecular weight falling between 

100 to 400 Dalton.10

• The degree of cross-linking affects the polarity and cavity 
size of the three-dimensional (scaffold) of NS.11

• Depending on the method of preparation and cross-linker 
used, NS are available in both crystalline and Para 
crystalline form.12

• The ability of drugs to be encapsulated depends on the 
degree of crystallization. The encapsulation efficiency is 
better in para-crystalline forms.

• NS are stable, non-toxic, biodegradable, and can withstand 
a higher temperature of approximately up to 300oC.13

• They remain firm (stable) at a wide pH range of 1 to 11.
• Due to the ability to bind a wide variety of functional 

groups, NS ensures target drug delivery.
• They can entrap both hydrophilic and lipophilic drugs.
• It offers tailored delivery of BCS class II and IV drugs i.e., 

having low solubility and low permeability. 
• The three-dimensional scaffold helps in the efficient 

delivery of a wide range of compounds.
• NS preparations are available in oral, parenteral, topical, 

and inhalation formulations for target drug delivery.
• They are non-immunogenic and non-mutagenic in nature.
Types of Nanosponges14

NSs can be created, formulated, or fabricated into a variety 
of forms based on the type of polymer, cross-linker, polymer 
cross-linker ratio, and technique of synthesis. Due to the ease 
of formulation beta-cyclodextrin NSs are the most common 
type which is widely utilized by formulation development 
scientists.15 Figure 1 represents the different types of NS.
Material used in the Preparation of Nanosponges16

The major components involved in the formulation of NSs 
are polymer, copolymer, cross-linker, and drug moiety.17 The 
polymer along with the copolymer creates a backbone of a 3D 
scaffold which is further linked by a suitable crosslinker with 
the development of void space between the developed structure 
after the completion of the complexation reaction.18 Table 1 
gives information about the material used in NSs preparation.
Advantages of Nanosponges19

• Enhances the aqueous solubility of poorly water-soluble 
drugs.20

• Allows formulation of both hydrophilic and hydrophobic 
drug moieties.

• Enables site-specific drug delivery and predetermined 
release.21

• Stable over the pH ranges of 1–11 and temperature up to 
300⁰C.

• Non-irritating, non-mutagenic, non-allergic and non-toxic.
• Reduces side effects by providing entrapment of active 

ingredients.
• Protects drug from physiological degradation.22

• Mask the unpleasant flavor of drug substance.
• Average pore size of 0.25 μm prevents bacterial penetration 

and increases formulation stability.
• Decreases the frequency of dosing.
• Improves patient compliance.
Disadvantages of Nanosponges23

• NS are not suitable for large molecules and can only 
encapsulate small molecules.24

• NS primarily rely on their loading capacity for drug 
encapsulating.25

• Sometimes due to premature initial dissolution of the 
crosslinker there may be chances of dose dumping.

Method of Preparation of Nanosponges

Solvent method
As the name indicates, in the solvent method a suitable 
polar aprotic solvent is used as a medium for carrying out 
the reaction. Generally, in a molar ratio of 1:4 polymer and 
crosslinker are taken and permitted to reflux for 1 to 48 hours 
at 10oC.26 Once the reaction is completed the solution is allowed 
to cool at room temperature and washed with bi-distilled water 
and finally the product is recovered by the Soxhlet method and 
dried in a vacuum oven as shown in Figure 2.

Figure 1: Different types of nanosponges based on polymer and type of 
cross-linker used.

Table 1: Chemicals used in the preparation of nanosponges

Polymer Copolymer Crosslinker
Hyper crosslinked 
cyclodextrin
Alpha-cyclodextrin
 Beta-cyclodextrin 
and their derivatives 
Alkyloxy carbonyl 
cyclodextrin,
2-hydroxy propyl 
beta-cyclodextrin
Eudragit RS 100

Poly-
allylvalerolactone,
Polyvalerolactone 
Poly-oxepanedione
Poly-
methylmethacrylate, 
Hydroxypropyl 
methylcellulose
Poly-vinyl alcohol
Ethylcellulose

Diphenyl carbonate
2,2-bis-acrylamido 
acetic acid
Diaryl carbonate
 Pyromellitic 
anhydride (PMDA)
Hexamethylene 
diisocyanate
 Epichlorohydrin
carbonyl diimidazole 
(CDI) Toluene-2,4- 
diisocyanates
Dichloromethane 
Polyamidoamine.

Figure 2: Nanosponges by solvent method
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Ultrasound-assisted method27

In this method, NS are developed without using any solvent 
and developed by using only ultrasonic waves. In a fixed ratio, 
the polymer and cross-linker are placed in a suitable flask on 
an ultrasound bath and allowed to react for five hours at 90oC. 
After completion of the reaction, the mixture is allowed to 
cool at room temperature and washed with an excess quantity 
of water to remove unreacted reagents. Further, this washed 
material is subjected to Soxhlet extraction by using ethanol 
and ultimately the product is filtered, collected, and dried in 
a vacuum oven as depicted in Figure 3.28

Melt method29

In this method, NS are developed by melting polymer and 
crosslinker together at a specific point of temperature then 
allowed to cool and the product is recovered by subsequent 
washing with appropriate solvent. The obtained product is 
blank NS which is further subjected to encapsulation of the 
drug as given in Figure 4.
Bubble electrospinning
The main components of a traditional, common electrospinning 
setup are a high-voltage source, a grounded collector, a syringe 
pump, and a syringe. However, the main issue limiting its usage 
is the volume of nanofibers produced.17 Polyvinyl alcohol is the 
polymer that is used in the bubble electrospinning method. A 
10% aqueous solution of polymer is formed and heated up to 
80 to 90oC for two hours to create a one-phase β-mixture. In 
the next step, the polymer mixture is permitted to cool at room 
temperature before being utilized to convert into nano-porous 
fibers as shown in Figure 5.30

Micro-wave radiation assisted synthesis of nanosponges
As compared to the traditional method, the development of NS 
by utilizing microwave radiation is the most convenient and 
time-saving method.31 In this method, NS are formulated in 
the presence of microwave irradiation which produces a highly 
crystalline nanoporous structure with improved complexation 
and maximum encapsulation efficiency in less time.32 It is also 
advantageous to use the method since it allows for the provision 
of energy in a precise manner.
Nanosponges preparation from hyper crosslinked 
β-Cyclodextrin33

β-Cyclodextrin (βCD) NS acts as a drug carrier. Due to the 
truncated cone structure, cyclodextrins can be easily utilized 
for drug ensnarement.34 NS are formed by reacting cyclodextrin 
and a suitable crosss linking agent like carbonyldiimidazole, 
diisocynates. An average diameter of developed NS is less than 
1 micrometre. According to Swaminathan et al. (2013), various 
crosslinking agents modify crucial characteristics of the final 
nanoporus polymer such as swellability and hydrophilicity/ 
hydrophobicity.35

Emulsion solvent diffusion method36

Emulsion solvent diffusion is a two-step method that uses 
polyvinyl alcohol and ethyl cellulose. Ethyl cellulose is 
dissolved in dichloromethane and then the aqueous solution 

of polyvinyl alcohol is added to it by keeping the mixture at a 
magnetic stirrer at a speed of 1000 rpm for two hours.37 After 
thorough stirring the reaction is completed as shown in Figure 6 
and NS are collected by filtration and drying at 40oC.38

Quasi-emulsion solvent method39

In this method, different quantities of NS can be developed 
by using the polymer. Eudragit RS 100 is used to prepare 
the internal phase and added to a reasonable dissolvable.40 
The drug to be incorporated is prepared as a solution and 
ultrasonicated at 35°C to dissolve it. This inner phase is then 
added to an external phase that contains polyvinyl alcohol, 
which acts as an emulsifying agent.41 The mixture is then 
blended at 1000–2000 rpm for three hours at room temperature 
before being dried for twelve hours in a hot air oven at 40℃ 
as depicted in Figure 7.42

Drug Loading in Nanosponges43-46

NSs are pretreated to obtain a smaller particle size i.e., less than 
500 nm, in this manner, NSs are first subjected to sonication 
to prevent aggregation followed by centrifugation and then 
freeze drying.11 In the subsequent step, aqueous suspension 

Figure 3: Ultrasound-assisted method for development of nanosponges

Figure 4: Melt method for nanosponges

Figure 5: Nanosponges preparation by Bubble electrospinning

Figure 6: Formulation of nanosponges by emulsion solvent diffusion 
method
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of NSs is allowed to be stirred with an excess amount of 
drug for a specific period of time.44 Once the complexation 
is completed the free drug is separated by centrifugation and 
drug-loaded NSs are retained either by solvent evaporation or 
freeze-drying method.45

Factors Affecting the Development of Nanosponges

Property of polymer and cross-linker used 
Cross-linker is very important in the fabrication of NSs, it 
serves as a backbone in a 3D scaffold. The nature of the cross-
linker and choice of polymer used identifies the hydrophilicity, 
lipophilicity, entrapment efficiency as well as organ-specific 
targeted drug delivery of developed NSs.47

Nature of the drug
The drug molecule requires to ensnare in NSs should have 
molecular weight fallen in the size range of 100–400 Dalton, 
less aqueous solubility (less than 10 mg/mL) and should have 
less than five condensed rings in its structure with a melting 
point less than 250oC.48

Temperature
A variation in temperature influences the degree and extent of 
the complexation of NSs and drugs. An increase in temperature 
leads to a decrease in the stability constant of the resultant 
nanocarrier and entrapped moiety which is due to a reduction in 
attractive forces (Van der- Walls forces and hydrogen bonding) 
between them.49

Degree of substitution and method of preparation
The complexity of NS is greatly affected by the nature, type, 
number of substituents of parent molecule, and the type of 
method adopted in the fabrication of nanocarriers.50 Greater 
the number of substituents greater will be the porosity of NS. 
The choice of the method adopted in the development of NS 
depends on the nature of drug as well as the effect required 
from the developed NS formulation.51

Characterization of nanosponges
A number of methods are used to characterize the NS and to 
identify the degree of complexation between polymers and 
crosslinkers as depicted in the fishbone diagram (Figure 8). 

•  Solubility studies- Mainly done to determine the extent of 
complexation and effect NS on ensnare drug. The phase 
solubility method devised by Higuchi and Connors is widely 
used to identify the impact of NS on drug solubility.52

•  Microscopy- It is mainly done to identify the surface 
morphology and particle size of NS.53 Microscopic 
examination is usually done by scanning electron 
microscopy (SEM), Field emission scanning electron 
microscopy (FE-SEM), and transmission electron 
microscopy (TEM).54

•  Particle size and polydispersity- By using a dynamic 
light scattering instrument (DLS) furnished with size 
analyzer software, identifies the diameter as well as its 
polydispersity index (PDI). PDI is a measure of the particle 
size distribution’s width, spread, or variation.55 Higher 
PDI value imply a large particle size distribution and the 
polydisperse nature of the sample whereas monodisperse 
samples have a low PDI value.

•  Zeta potential-  It is estimated to identify the surface 
charge of colloidal dispersion by using the Zeta seizer 
instrument.56 The greater the value of zeta potential 
greater the stability of dispersion.

•  Thermal analysis- Thermal analysis is done by differential 
thermal analysis(DTA) and differential scanning 
calorimetry (DSC) to identify the possibility of degradation 
of the drug prior to heat destruction of NS.57

•  X-ray diffractometry (XDR)- It is also known as 
powder X-ray diffractometry (PXRD) which produces 
diffractograms consisting of peaks and confirms the 
formation of complexation, crystalline nature and stability 
of fabricated NS by comparing the peaks of drug and 
physical mixture.58

•  Infrared spectroscopy- It is indicative of drug-NS 
interaction, based on their structure elucidation obtained 
by spectrum produced by fourier transform infrared 
spectroscopy (FTIR). The method is not suitable for 
revealing the extent of inclusion complexation.59

•  Entrapment efficiency- It identifies the amount of drug 
ensnare in NS, HPLC and ultraviolet spectroscopy 
methods are mainly used to calculate the entrapment 
efficiency of the developed formulation.60

•  In-vitro drug release- Franz diffusion cell is mainly 
used in the study of permeation and intro release of 
drug from NS. A pre-treated dialysis membrane is used 
as a donor compartment and the drug release in the 
receptor compartment is analyzed by using an ultraviolet 
spectrometer.61

Application of Nanosponges

Nanosponges in drug delivery62

Due to the versatile ensnare capacity and small size of NS, it 
is a boon in nanomedicine having the ability to deliver both 
lipophilic and lyophobic drugs at the target site. Oral, topical, 
inhalation, and parenteral administration of NS can be done by 
using suitable excipients and diluents. As compared to other 
polymers NS fabricated by using beta-cyclodextrin are reported 

Figure 7: Quasi-emulsion solvent method

Figure 8: Different methods of characterization in the Fishbone 
diagram
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to have five times more effective in drug delivery at a desired 
site in the body. Drugs like paclitaxel, tamoxifen, quercetin, 
curcumin, resveratrol, carboplatin, etc., have already proven their 
effectiveness and improved bioavailability in NS formulation.
Nanosponges in Cancer Treatment
The biggest challenge with an anticancer drug is its low 
solubility and permeability leading to its poor pharmacokinetic 
and pharmacodynamic effects.28 But stacking such anticancer 
agents in nanocavities of NS, reduces such issues of 
bioavailability and ensures the target delivery by reducing the 
dose and dose-related side-effects.63 Clemente et al. illustrated 
the therapeutic efficiency of Paclitaxel-loaded NS for inhibiting 
the growth and angiogenesis in Melanoma cells and reported 
the reduction in dose and increased effectiveness against 
melanoma growth.64

Nanosponges as biocatalysts, vaccines, protein, antibiotics65

There are a wide variety of drugs, vaccines, proteins, and 
antibiotics that require enzymes as a catalyst in the production 
process, and the results in low yield that are susceptible to 
degradation and contamination.66 Such materials require 
specialized methods for retaining their activity, stability and 

protection from the effect of temperature, pH, and enzymatic 
action so that they can reach the target site without losing 
effectiveness.67 By using a suitable combination of polymer and 
crosslinker, the nanocarrier approach transforms the enzymes 
and macromolecules as biocatalysts68 which improve their 
yield, activity, and effectiveness as well throughout the storage 
and usage. Additionally, NS is also used in immobilization 
techniques.69

Figure 9: Other applications of nanosponges

Table 2: Recent advancements in nanosponges 

Drug Method of preparation Disease Inference Reference
Hesperetin and Piperine
(2023)

Ball milling technique inflammation Solubility and bioavailability enhancement 76

Hesperetin
(2022)

Quasi-emulsion solvent 
diffusion

inflammation Solubility and bioavailability enhancement 77

Curcumin (2022) Emulsion solvent diffusion Ulcerative colitis Bioavailability enhancement of curcumin 78
Nisin (2022) Freeze-drying Colon and breast cancer Safeguarding peptides and facilitating drug 

delivery to target cancer cells in colon and 
breast 

79

Carboplatin (2021) Double emulsion solvent 
evaporation

Testicular, ovarian, 
cervical and lung cancer

Sustained release 
of hydrophilic therapeutic agent

80

Olmesartan medoxomil
(2021)

Emulsion solvent evaporation Hypertension Reduce blood pressure 81

Lapatinib (2021) Emulsion solvent
Diffusion

Breast cancer Enhances solubility 82

Resveratrol (2021) Freeze-drying Breast and
ovarian cancer

Target drug delivery 83

Brigatinib
(2020)

Ultrasonication Assisted-
emulsion solvent evaporation

Lung cancer Target drug delivery 84

Lornaxicam (2020) Emulsion solvent evaporation Inflammation Improve permeation and treatment by topical 
delivery

85

Luliconazole (2020) Emulsion solvent evaporation Fungal infection Improve antifungal effect 86
5-fluorouracil 
(2019)

Emulsion solvent evaporation Colon cancer Target drug delivery 87

Erlotinib glutathione 
(2018)

Solvent method Lung cancer Target drug delivery 88

Dexamethasone (2017) Solvent method Inflammation Improved occular anti-inflammatory affect 89
Gliclazide (2016) Emulsion solvent diffusion Diabetes mellitus Bioavailability enhancement and sustained 

release obtained
36

Oxygen
2010

Solvent method Hypoxia Sustain oxygen delivery by topical application 90
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Solubility enhancement
Drugs having low solubility is one of the major challenges for 
formulation development scientists. NS can enhance solubility 
by dissolution rate and improve the therapeutic efficacy of the 
drug.70 Rao et al. investigated the effect of β-cyclodextrin NS 
for solubility and dissolution rate enhancement of Rilpivirine 
a BCS class -II drug and found upto a three-fold increment in 
solubility and dissolution of the drug.71 
Encapsulation of Gases
Cyclodextrin-based carbonate NS proved their efficiency in 
the entrapment of three gases namely oxygen, carbon dioxide, 
and 1-methyl cyclopropene in their studies.72 Trotta et al, have 
identified and illustrated the unambiguous gases entrapment 
property of NS. These entrapped gases have their biomedicinal 
usage, the oxygen-ensnared NS delivers the gas to hypoxic 
tissues, and 1-methyl cyclopropane shows greater antiethylenic 
capability in long-lasting cut flower.73

Absorbent in treating poison in the blood
Human red blood cell nanosponges are used for the 
detoxification process. By injecting these NS they absorb and 
remove the toxins or poisonous substances from the blood 
without using any antidote and help in the neutralization and 
purification of blood without producing any immunogenic or 
antigenic effect in the host body.74

Antiviral application
Nanosponges offer good target delivery of antiviral agents from 
different routes like oral, nasal, parenteral, etc., and overcome 
the limitations associated with the antiviral drugs such as 
dose, dosing frequency, solubility, poor pharmacokinetics, 
and pharmacodynamics.45 Nanocarriers fabricated with beta-
cyclodextrin have shown good entrapment and release kinetics 
at the target site.

Cellular nanosponges have proved their effectiveness in the 
treatment of severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) by acting and neutralizing the virulent effect 
of the virus.75

Apart from drug delivery NS has other applications which 
are illustrated in Figure 9 and a short summary of the recent 
advancement in drug delivery by using NS formulations is 
depicted in Table 2.

CONCLUSION
According to the study, it was concluded that NS can be 
formulated in different types, by using different polymers 
and different methods. They showed a wonderful ensnare 
capacity leading to the entrapment of both lipophilic and 
hydrophobic drugs and improving their pharmacokinetics and 
pharmacodynamic characteristics by releasing the drug in a 
controlled, predictable manner at target sites. Owing to the 
nanometric size they can be formulated for various routes of 
administration like oral, inhalation, parenteral, topical, etc., 
leading to a reduction in dose and dose-related side effects 
and improved patient compliance. Additionally, the numerous 
applications of nanosponges like solubility enhancement, 

target delivery of anticancer, antiviral, and antifungal agents, 
entrapment of gases, removal of toxins and pollutants and 
biocatalysts, etc., proved their usage as a leading frontier in 
modern drug delivery.

REFERENCES
1. Patra JK, Das G, Fraceto LF, Campos EV, Rodriguez-Torres 

MD, Acosta-Torres LS, Diaz-Torres LA, Grillo R, Swamy 
MK, Sharma S, Habtemariam S. Nano based drug delivery 
systems: recent developments and future prospects. Journal of 
Nanobiotechnology. 2018 Dec;16(1):1-33. Available from: https://
doi.org/10.1186/s12951-018-0392-8

2. Mishra R, Militky J. Nature, nanoscience, and textile structures. 
Nanotechnology in Textiles: Theory and Application. 2018 Nov 
14;3:1.

3. Tiwari K, Bhattacharya S. The ascension of nanosponges as 
a drug delivery carrier: Preparation, characterization, and 
applications. Journal of Materials Science: Materials in Medicine. 
2022 Mar;33(3):28. Available from: https://doi.org/10.1007/
s10856-022-06652-9

4. Osmani AM, Hani U, R Bhosale R, K Kulkarni P, Shanmuganathan 
S. Nanosponge carriers-an archetype swing in cancer therapy: a 
comprehensive review. Current drug targets. 2017 Jan 1;18(1):108-
18.

5. Venkataraman S, Hedrick JL, Ong ZY, Yang C, Ee PL, Hammond 
PT, Yang YY. The effects of polymeric nanostructure shape 
on drug delivery. Advanced drug delivery reviews. 2011 Nov 
1;63(14-15):1228-46. Available from: https://doi.org/10.1016/j.
addr.2011.06.016

6. Pandey PJ. Multifunctional nanosponges for the treatment 
of various diseases: A review. Asian J. Pharm. Pharmacol. 
2019;5(2):235-48. Available from: https://doi.org/10.31024/
ajpp.2019.5.2.4 

7. Ahire PS, Bhambere DS, Patil MP, Kshirsagar SJ. Recent 
advances in nanosponges as a drug delivery system. Indian J 
Drugs. 2020;8:8-17.

8. Pawar AY. Nanosponges: a novel drug delivery system. Asian 
Journal of Pharmaceutics (AJP). 2016 Dec 21;10(04). Available 
from: https://doi.org/10.22377/ajp.v10i04.878

9. Ghurghure SM, Pathan MS, Surwase PR. Nanosponges: A novel 
approach for targeted drug delivery system. Int. J. Chem. Studies. 
2018 Nov;2(2). 

10. Loftsson T, Sigurđsson HH, Másson M, Schipper N. Preparation 
of solid drug/cyclodextrin complexes of acidic and basic drugs. 
Die Pharmazie-An International Journal of Pharmaceutical 
Sciences. 2004 Jan 1;59(1):25-9.

11. Tejashri G, Amrita B, Darshana J. Cyclodextrin based nanosponges 
for pharmaceutical use: A review. Acta pharmaceutica. 2013 Sep 
30;63(3):335-58. Available from: https://doi.org/10.2478/acph-
2013-0021

12. Swaminathan S, Pastero L, Serpe L, Trotta F, Vavia P, Aquilano 
D, Trotta M, Zara G, Cavalli R. Cyclodextrin-based nanosponges 
encapsulating camptothecin: Physicochemical characterization, 
stability and cytotoxicity. European Journal of Pharmaceutics 
and Biopharmaceutics. 2010 Feb 1;74(2):193-201. Available from: 
https://doi.org/10.1016/j.ejpb.2009.11.003

13. Jain A, Prajapati SK, Kumari A, Mody N, Bajpai M. Engineered 
nanosponges as versatile biodegradable carriers: An insight. 
Journal of drug delivery science and technology. 2020 
Jun 1;57:101643. Available from: https://doi.org/10.1016/j.



Nanosponges- A Versatile Approach of Drug Delivery System

IJPQA, Volume 14 Issue 4, October - December 2023 Page 1252

jddst.2020.101643
14. Trotta F, Zanetti M, Cavalli R. Cyclodextrin-based nanosponges 

as drug carriers. Beilstein journal of organic chemistry. 2012 Nov 
29;8(1):2091-9. Available from: https://doi.org/10.3762/bjoc.8.235

15. Sherje AP, Dravyakar BR, Kadam D, Jadhav M. Cyclodextrin-
based nanosponges: A critical review. Carbohydrate polymers. 
2017 Oct 1;173:37-49. Available from: https://doi.org/10.1016/j.
carbpol.2017.05.086

16. Bhowmik H, Venkatesh DN, Kuila A, Kumar KH. Nanosponges: 
A review. International journal of applied pharmaceutics. 
2018 Jul 7:1-5. Available from: http://dx.doi.org/10.22159/
ijap.2018v10i4.25026

17. Jain A, Prajapati SK, Kumari A, Mody N, Bajpai M. Engineered 
nanosponges as versatile biodegradable carriers: An insight. 
Journal of drug delivery science and technology. 2020 
Jun 1;57:101643. Available from: https://doi.org/10.1016/j.
jddst.2020.101643

18. Verma S, Singh A, Kukreti G, Bharkatiya M, Dobhal K, 
Parashar T. Nanoparticles-A Booming Drug Delivery System in 
Chemotherapy. Biomedical and Pharmacology Journal. 2023 Sep 
30;16(3):1785-90. Available from: https://dx.doi.org/10.13005/
bpj/2757

19. Tannous M, Trotta F, Cavalli R. Nanosponges for combination drug 
therapy: State-of-the-art and future directions. Nanomedicine. 
2020 Mar;15(07):643-6. Available from: https://doi.org/10.2217/
nnm-2020-0007

20. Alka S. Development and evaluation of cyclodextrin based 
nanosponges for bioavailability enhancement of poorly 
bioavailable drug. World Jornal of Pharmacy and Pharmaceutical 
Sciences. 2017;6:805-36. Available from: 10.20959/wjpps20172-
8538 

21. Pawar S, Shende P, Trotta F. Diversity of β-cyclodextrin-based 
nanosponges for transformation of actives. International journal 
of pharmaceutics. 2019 Jun 30;565:333-50. Available from: 
https://doi.org/10.1016/j.ijpharm.2019.05.015

22. Alongi J, Pošković M, Frache A, Trotta F. Novel flame retardants 
containing cyclodextrin nanosponges and phosphorus compounds 
to enhance EVA combustion properties. Polymer Degradation 
and Stability. 2010 Oct 1;95(10):2093-100. Available from: https://
doi.org/10.1016/j.polymdegradstab.2010.06.030

23. Singh A, Chauhan CS. Nanosponges: Blooming ndds in the future 
perspective. International Journal of Pharmaceutical Sciences 
Review and Research. 2021:213-6. Available from: http://dx.doi.
org/10.47583/ijpsrr.2021.v70i02.026

24. Sadhasivam J, Sugumaran A, Narayanaswamy D. Nano sponges: 
A potential drug delivery approach. Research Journal of 
Pharmacy and Technology. 2020;13(7):3442-8. Available from: 
http://dx.doi.org/10.5958/0974-360X.2020.00611.3

25. Singh A. Nanosponges-an efficient and effective drug delivery 
system. European Journal of Biomedical. 2018;5(5):993-6.

26. Rubin Pedrazzo A, Trotta F, Hoti G, Cesano F, Zanetti M. 
Sustainable mechanochemical synthesis of β-cyclodextrin 
polymers by twin screw extrusion. Environmental Science and 
Pollution Research. 2022 Jan;29(1):251-63. Available from: 
https://doi.org/10.1007/s11356-021-15187-5

27. Jasim IK, Abd Alhammid SN, Abdulrasool AA. Synthesis 
and evaluation of B-cyclodextrin based nanosponges of 
5-Fluorouracil by using ultrasound assisted method. Iraqi Journal 
of Pharmaceutical Sciences (P-ISSN: 1683-3597, E-ISSN: 2521-
3512). 2020 Dec 27;29(2):88-98. Available from: https://doi.

org/10.31351/vol29iss2pp88-98
28. Iravani S, Varma RS. Nanosponges for drug delivery and 

cancer therapy: Recent advances. Nanomaterials. 2022 
Jul 16;12(14):2440.Available from: https://doi.org/10.3390/
nano12142440

29. Srivastava S, Mahor A, Singh G, Bansal K, Singh PP, Gupta R, 
Dutt R, Alanazi AM, Khan AA, Kesharwani P. Formulation 
development, in vitro and in vivo evaluation of topical hydrogel 
formulation of econazole nitrate-loaded β-cyclodextrin 
nanosponges. Journal of Pharmaceutical Sciences. 2021 Nov 
1;110(11):3702-14. Available from: https://doi.org/10.1016/j.
xphs.2021.07.008

30. Jicsinszky L, Cravotto G. Toward a greener world—cyclodextrin 
derivatization by mechanochemistry. Molecules. 2021 Aug 
27;26(17):5193. Available from: https://doi.org/10.3390/
molecules26175193

31. BERGAL A, ANDAÇ M. Nanosponges (NSs): Using as 
a nanocarrier for anti cancer drug delivery applications. 
ACTA Pharmaceutica Sciencia. 2021;59(2). Available from: 
10.23893/1307-2080.APS.05918

32. Cao J, Wang J, Fang B, Chang X, Zheng M, Wang H. Microwave-
assisted synthesis of flower-like ZnO nanosheet aggregates 
in a room-temperature ionic liquid. Chemistry letters. 2004 
Oct;33(10):1332-3. Available from: https://doi.org/10.1246/
cl.2004.1332

33. Pei M, Pai JY, Du P, Liu P. Facile synthesis of fluorescent 
hyper-cross-linked β-cyclodextrin-carbon quantum dot hybrid 
nanosponges for tumor theranostic application with enhanced 
antitumor eff icacy. Molecular Pharmaceutics. 2018 Jul 
24;15(9):4084-91. Available from: https://doi.org/10.1021/acs.
molpharmaceut.8b00508

34. Pushpalatha R, Selvamuthukumar S, Kilimozhi D. Cross-
linked, cyclodextrin-based nanosponges for curcumin delivery-
Physicochemical characterization, drug release, stability and 
cytotoxicity. Journal of drug delivery science and technology. 
2018 Jun 1;45:45-53. Available from: https://doi.org/10.1016/j.
jddst.2018.03.004

35. Swaminathan S, Vavia PR, Trotta F, Cavalli R. Nanosponges 
encapsulating dexamethasone for ocular delivery: formulation 
design, physicochemical characterization, safety and corneal 
permeability assessment. Journal of biomedical nanotechnology. 
2013 Jun 1;9(6):998-1007. Available from: https://doi.org/10.1166/
jbn.2013.1594

36. Solunke RS, Borge UR, Murthy K, Deshmukh MT, Shete RV. 
Formulation and evaluation of gliclazide nanosponges. Int J Appl 
Pharm. 2019 Nov 7;11(6):181-9. Available from: http://dx.doi.
org/10.22159/ijap.2019v11i6.35006

37. Sri KV, Santhoshini G, Sankar DR, Niharika K. Formulation 
and evaluation of rutin loaded nanosponges. Asian Journal of 
Research in Pharmaceutical Science. 2018;8(1):21-4.  Available 
from: http://dx.doi.org/10.5958/2231-5659.2018.00005.X

38. Penjuri SC, Ravouru N, Damineni S, Bns S, Poreddy SR. 
Formulation and evaluation of lansoprazole loaded Nanosponges. 
Turk. J. Pharm. Sci. 2016 Sep 1;13(3):304-10. Available from: 
10.4274/tjps.2016.04

39. Rodrigues K, Nadaf S, Rarokar N, Gurav N, Jagtap P, Mali 
P, Ayyanar M, Kalaskar M, Gurav S. QBD approach for the 
development of hesperetin loaded colloidal nanosponges for 
sustained delivery: In-vitro, ex-vivo, and in-vivo assessment. 
OpenNano. 2022 Jul 1;7:100045. Available from: https://doi.



Nanosponges- A Versatile Approach of Drug Delivery System

IJPQA, Volume 14 Issue 4, October - December 2023 Page 1253

org/10.1016/j.onano.2022.100045
40. Pandya KD, Shah NV, Gohil DY, Seth AK, Aundhia CJ, Patel 

SS. Development of Risedronate Sodium-loaded Nanosponges by 
Experimental Design: Optimization and in vitro Characterization. 
Indian Journal of Pharmaceutical Sciences. 2019 Mar 1;81(2). 

41. Usman F, Shah HS, Zaib S, Manee S, Mudassir J, Khan A, Batiha 
GE, Abualnaja KM, Alhashmialameer D, Khan I. Fabrication 
and biological assessment of antidiabetic α-Mangostin loaded 
nanosponges: In vitro, in vivo, and in silico studies. Molecules. 
2021 Nov 1;26(21):6633. Available from: https://doi.org/10.3390/
molecules26216633

42. Harsha G, Shaik NB, Lakshmi PK, Latha K. Formulation 
and evaluation of sertaconazole nitrate loaded nanosponges 
for topical application. Research Journal of Pharmacy and 
Technology. 2021;14(2):895-902. Available from: http://dx.doi.
org/10.5958/0974-360X.2021.00159.1

43. Darandale SS, Vavia PR. Cyclodextrin-based nanosponges of 
curcumin: formulation and physicochemical characterization. 
Journal of inclusion phenomena and macrocyclic chemistry. 
2013 Apr;75:315-22. Available from: https://doi.org/10.1007/
s10847-012-0186-9

44. Trotta F, Dianzani C, Caldera F, Mognetti B, Cavalli R. The 
application of nanosponges to cancer drug delivery. Expert 
Opinion on Drug Delivery. 2014 Jun 1;11(6):931-41. Available 
from: https://doi.org/10.1517/17425247.2014.911729

45. Lembo D, Swaminathan S, Donalisio M, Civra A, Pastero L, 
Aquilano D, Vavia P, Trotta F, Cavalli R. Encapsulation of 
Acyclovir in new carboxylated cyclodextrin-based nanosponges 
improves the agent’s antiviral efficacy. International journal of 
pharmaceutics. 2013 Feb 25;443(1-2):262-72. Available from: 
https://doi.org/10.1016/j.ijpharm.2012.12.031

46. Torne S, Darandale S, Vavia P, Trotta F, Cavalli R. Cyclodextrin-
based nanosponges: effective nanocarrier for Tamoxifen 
delivery. Pharmaceutical development and technology. 2013 
Jun 1;18(3):619-25. Available from: https://doi.org/10.3109/108
37450.2011.649855

47. Ahmed RZ, Patil G, Zaheer Z. Nanosponges–a completely 
new nano-horizon: pharmaceutical applications and recent 
advances. Drug development and industrial pharmacy. 2013 
Sep 1;39(9):1263-72. Available from: https://doi.org/10.3109/03
639045.2012.694610

48. Shende P, Desai D, Gaud RS. Hybrid nanosponges. Nanosponges: 
Synthesis and Applications. 2019 Jan 29:173-92. Available from: 
https://doi.org/10.2174/1573413716666200218130452

49. Aldawsari HM, Badr-Eldin SM, Labib GS, El-Kamel AH. Design 
and formulation of a topical hydrogel integrating lemongrass-
loaded nanosponges with an enhanced antifungal effect: in 
vitro/in vivo evaluation. International journal of nanomedicine. 
2015 Jan 29:893-902. Available from: https://doi.org/10.2147/
IJN.S74771

50. Utzeri G, Cova TF, Murtinho D, Pais AA, Valente AJ. Insights 
on macro-and microscopic interactions between Confidor and 
cyclodextrin-based nanosponges. Chemical Engineering Journal. 
2023 Jan 1;455:140882. Available from: https://doi.org/10.1016/j.
cej.2022.140882

51. Guineo-Alvarado J, Quilaqueo M, Hermosilla J, González S, 
Medina C, Rolleri A, Lim LT, Rubilar M. Degree of crosslinking 
in β-cyclodextrin-based nanosponges and their effect on piperine 
encapsulation. Food chemistry. 2021 Mar 15;340:128132. 
Available from: https://doi.org/10.1016/j.foodchem.2020.128132

52. Gardouh AR, Elhusseiny S, Gad S. Mixed Avanafil and Dapoxetin 
Hydrochloride cyclodextrin nano-sponges: Preparation, in-vitro 
characterization, and bioavailability determination. Journal of 
Drug Delivery Science and Technology. 2022 Feb 1;68:103100. 
Available from: https://doi.org/10.1016/j.jddst.2022.103100

53. Trotta F, Mele A, editors. Nanosponges: synthesis and 
applications. John Wiley & Sons; 2019 Aug 5.

54. Trotta F. Cyclodextrin nanosponges and their applications. 
Cyclodextrins in pharmaceutics, cosmetics, and biomedicine: 
current and future industrial applications. 2011 May 9:323-42. 
Available from: https://doi.org/10.1002/9780470926819.ch17

55. Varan C, Anceschi A, Sevli S, Bruni N, Giraudo L, Bilgic E, 
Korkusuz P, Iskit AB, Trotta F, Bilensoy E. Preparation and 
characterization of cyclodextrin nanosponges for organic toxic 
molecule removal. International Journal of Pharmaceutics. 2020 
Jul 30;585:119485. Available from: https://doi.org/10.1016/j.
ijpharm.2020.119485

56. Cavalli R, Trotta F, Tumiatti W. Cyclodextrin-based nanosponges 
for drug delivery. Journal of inclusion phenomena and 
macrocyclic chemistry. 2006 Oct;56:209-13. Available from: 
https://doi.org/10.1007/s10847-006-9085-2

57. Shivani S, Poladi KK. Nanosponges-novel emerging drug delivery 
system: A review. International journal of pharmaceutical 
sciences and research. 2015 Feb 1;6(2):529. Available from: http://
dx.doi.org/10.13040/IJPSR.0975-8232.6(2).529-40

58. Thakre AR, Gholse YN, Kasliwal RH. Nanosponges: a novel 
approach of drug delivery system. J Med Pharm Allied Sci. 2016 
Jun 12;78(92):78. 

59. Kumar S, Rao R. Analytical tools for cyclodextrin nanosponges in 
pharmaceutical field: A review. Journal of Inclusion Phenomena 
and Macrocyclic Chemistry. 2019 Jun 15;94:11-30. Available 
from: https://doi.org/10.1007/s10847-019-00903-z

60. Rizvi SS, Akhtar N, Minhas MU, Mahmood A, Khan KU. 
Synthesis and characterization of carboxymethyl chitosan 
nanosponges with cyclodextrin blends for drug solubility 
improvement. Gels. 2022 Jan 12;8(1):55. Available from: https://
doi.org/10.3390/gels8010055

61. Shah HS, Nasrullah U, Zaib S, Usman F, Khan A, Gohar UF, 
Uddin J, Khan I, Al-Harrasi A. Preparation, characterization, 
and pharmacological investigation of withaferin-A loaded 
nanosponges for cancer therapy; in vitro, in vivo and molecular 
docking studies. Molecules. 2021 Nov 19;26(22):6990. Available 
from: https://doi.org/10.3390/molecules26226990

62. Vishwakarma A, Nikam P, Mogal R, Talele S. Review on 
nanosponges: A benefication for novel drug delivery. Int J 
PharmTech Res. 2014 Jan;6:11-20. 

63. Clemente N, Argenziano M, Gigliotti CL, Ferrara B, Boggio 
E, Chiocchetti A, Caldera F, Trotta F, Benetti E, Annaratone 
L, Ribero S. Paclitaxel-loaded nanosponges inhibit growth 
and angiogenesis in melanoma cell models. Frontiers in 
Pharmacology. 2019 Jul 12;10:776. Available from: https://doi.
org/10.3389/fphar.2019.00776

64. Monfared YK, Mahmoudian M, Caldera F, Pedrazzo AR, Zakeri-
Milani P, Matencio A, Trotta F. Nisin delivery by nanosponges 
increases its anticancer activity against in-vivo melanoma 
model. Journal of Drug Delivery Science and Technology. 
2023 Jan 1;79:104065. Available from: https://doi.org/10.1016/j.
jddst.2022.104065

65. Panda S, Vijayalakshmi SV, Pattnaik S, Swain RP. Nanosponges: 
A novel carrier for targeted drug delivery. Int J PharmTech Res. 



Nanosponges- A Versatile Approach of Drug Delivery System

IJPQA, Volume 14 Issue 4, October - December 2023 Page 1254

2015;8(7):213-24. 
66. Bilal M, Hussain N, Américo-Pinheiro JH, Almulaiky YQ, Iqbal 

HM. Multi-enzyme co-immobilized nano-assemblies: Bringing 
enzymes together for expanding bio-catalysis scope to meet 
biotechnological challenges. International Journal of Biological 
Macromolecules. 2021 Sep 1;186:735-49. Available from: https://
doi.org/10.1016/j.ijbiomac.2021.07.064

67. Gkantzou E, Chatzikonstantinou AV, Fotiadou R, Giannakopoulou 
A, Patila M, Stamatis H. Trends in the development of 
innovative nanobiocatalysts and their application in biocatalytic 
transformations. Biotechnology Advances. 2021 Nov 1;51:107738. 
Available from: https://doi.org/10.1016/j.biotechadv.2021.107738

68. Mohammadi ZB, Zhang F, Kharazmi MS, Jafari SM. Nano-
biocatalysts for food applications; immobilized enzymes within 
different nanostructures. Critical Reviews in Food Science and 
Nutrition. 2022 Jun 21:1-9. Available from: https://doi.org/10.10
80/10408398.2022.2092719

69. Aggarwal S, Chakravarty A, Ikram S. A comprehensive review 
on incredible renewable carriers as promising platforms for 
enzyme immobilization & thereof strategies. International 
Journal of Biological Macromolecules. 2021 Jan 15;167:962-86. 
Available from: https://doi.org/10.1016/j.ijbiomac.2020.11.052

70. Dora CP, Trotta F, Kushwah V, Devasari N, Singh C, Suresh S, 
Jain S. Potential of erlotinib cyclodextrin nanosponge complex 
to enhance solubility, dissolution rate, in vitro cytotoxicity and 
oral bioavailability. Carbohydrate polymers. 2016 Feb 10;137:339-
49. Available from: https://doi.org/10.1016/j.carbpol.2015.10.080

71. Rao MR, Chaudhari J, Trotta F, Caldera F. Investigation of 
cyclodextrin-based nanosponges for solubility and bioavailability 
enhancement of rilpivirine. Aaps Pharmscitech. 2018 Jul;19:2358-
69. Available from: https://doi.org/10.1208/s12249-018-1064-6

72. Trotta F, Cavalli R, Martina K, Biasizzo M, Vitillo J, Bordiga 
S, Vavia P, Ansari K. Cyclodextrin nanosponges as effective 
gas carriers. Journal of inclusion phenomena and macrocyclic 
chemistry. 2011 Oct;71:189-94. Available from: https://doi.
org/10.1007/s10847-011-9926-5

73. Femminò S, Penna C, Bessone F, Caldera F, Dhakar N, Cau D, 
Pagliaro P, Cavalli R, Trotta F. α-Cyclodextrin and α-cyclodextrin 
polymers as oxygen nanocarriers to limit hypoxia/reoxygenation 
injury: implications from an in vitro model. Polymers. 2018 
Feb 22;10(2):211. Available from: https://doi.org/10.3390/
polym10020211

74. Chen Y, Chen M, Zhang Y, Lee JH, Escajadillo T, Gong H, Fang 
RH, Gao W, Nizet V, Zhang L. Broad‐spectrum neutralization 
of pore‐forming toxins with human erythrocyte membrane‐
coated nanosponges. Advanced healthcare materials. 2018 
Jul;7(13):1701366. Available from: https://doi.org/10.1002/
adhm.201701366

75. Zhang Q, Honko A, Zhou J, Gong H, Downs SN, Vasquez JH, 
Fang RH, Gao W, Griffiths A, Zhang L. Cellular nanosponges 
inhibit SARS-CoV-2 infectivity. Nano letters. 2020 Jun 
17;20(7):5570-4. Available from: https://doi.org/10.1021/acs.
nanolett.0c02278

76. Wdowiak K, Miklaszewski A, Pietrzak R, Cielecka-Piontek J. 
Amorphous System of Hesperetin and Piperine—Improvement 
of Apparent Solubility, Permeability, and Biological Activities. 
International Journal of Molecular Sciences. 2023 Mar 
2;24(5):4859. Available f rom: ht tps://doi.org/10.3390/
ijms24054859

77. Rodrigues K, Nadaf S, Rarokar N, Gurav N, Jagtap P, Mali 

P, Ayyanar M, Kalaskar M, Gurav S. QBD approach for the 
development of hesperetin loaded colloidal nanosponges for 
sustained delivery: In-vitro, ex-vivo, and in-vivo assessment. 
OpenNano. 2022 Jul 1;7:100045. Available from: https://doi.
org/10.1016/j.onano.2022.100045

78. Rajendra PK, Ganesan K, Nidamanuri BS, Natarajan J, 
Puttaswamy N. Design, formulation, and evaluation of 
curcumin-loaded nanosponges for the effective management 
of colitis. Journal of Applied Pharmaceutical Science. 2022 
Dec 5;12(12):059-71. Available from: http://dx.doi.org/10.7324/
JAPS.2022.121207

79. Khazaei Monfared Y, Mahmoudian M, Cecone C, Caldera 
F, Zakeri-Milani P, Matencio A, Trotta F. Stabilization 
and anticancer enhancing activity of the peptide nisin by 
cyclodextrin-based nanosponges against colon and breast cancer 
cells. Polymers. 2022 Feb 1;14(3):594. Available from: https://doi.
org/10.3390/polym14030594

80. Ahsan Hafiz M, Abbas N, Bukhari NI. Quality by design 
approach for formulation development and evaluation of 
carboplatin loaded ethylcellulose nanosponges. International 
Journal of Polymeric Materials and Polymeric Biomaterials. 
2022 Sep 2;71(13):1012-24. Available from: https://doi.org/10.1
080/00914037.2021.1933978

81. Almutairy BK, Alshetaili A, Alali AS, Ahmed MM, Anwer 
MK, Aboudzadeh MA. Design of olmesartan medoxomil-loaded 
nanosponges for hypertension and lung cancer treatments. 
Polymers. 2021 Jul 11;13(14):2272. Available from: https://doi.
org/10.3390/polym13142272

82. Prabhu PP, Gujaran TV, Mehta CH, Suresh A, Koteshwara KB, 
Pai KG, Nayak UY. Development of lapatinib nanosponges for 
enhancing bioavailability. Journal of Drug Delivery Science and 
Technology. 2021 Oct 1;65:102684. Available from: https://doi.
org/10.1016/j.jddst.2021.102684

83. Palminteri M, Dhakar NK, Ferraresi A, Caldera F, Vidoni C, 
Trotta F, Isidoro C. Cyclodextrin nanosponge for the GSH-
mediated delivery of Resveratrol in human cancer cells. 
Nanotheranostics. 2021;5(2):197. Available from: https://doi.
org/10.7150%2Fntno.53888

84. Ahmed MM, Fatima F, Anwer MK, Ansari MJ, Das SS, 
Alshahrani SM. Development and characterization of ethyl 
cellulose nanosponges for sustained release of brigatinib for 
the treatment of non-small cell lung cancer. Journal of Polymer 
Engineering. 2020 Nov 26;40(10):823-32. Available from: https://
doi.org/10.1515/polyeng-2019-0365

85. Shawky SM, Khalifa MK, Eassa HA. Lornoxicam-loaded 
nanosponges for controlled anti-inflammatory effect: in vitro/in 
vivo assessment. International Journal of Applied Pharmaceutics. 
2020 Nov 7:217-3. Available from:  http://dx.doi.org/10.22159/
ijap.2020v12i6.39430

86. Kapileshwari GR, Barve AR, Kumar L, Bhide PJ, Joshi M, 
Shirodkar RK. Novel drug delivery system of luliconazole-
Formulation and characterisation. Journal of Drug Delivery 
Science and Technology. 2020 Feb 1;55:101302. Available from: 
https://doi.org/10.1016/j.jddst.2019.101302

87. Arun Raj R, Thomas S. Development and Characterization 
of 5-Fluorouracil Cubosomal Nanosponge Tablet for Colon 
Targeting. Journal of Pharmaceutical Scienes. 2019;10(2):9-18.

88. Momin MM, Zaheer Z, Zainuddin R, Sangshetti JN. Extended 
release delivery of erlotinib glutathione nanosponge for targeting 
lung cancer. Artificial cells, nanomedicine, and biotechnology. 



Nanosponges- A Versatile Approach of Drug Delivery System

IJPQA, Volume 14 Issue 4, October - December 2023 Page 1255

2018 Jul 4;46(5):1064-75. Available from: https://doi.org/10.108
0/21691401.2017.1360324

89. Argenziano M, Dianzani C, Ferrara B, Swaminathan S, 
Manfredi A, Ranucci E, Cavalli R, Ferruti P. Cyclodextrin-
based nanohydrogels containing polyamidoamine units: a new 
dexamethasone delivery system for inflammatory diseases. 

Gels. 2017 Jun 8;3(2):22. Available from: https://doi.org/10.3390/
gels3020022

90. Cavalli R, Akhter AK, Bisazza A, Giustetto P, Trotta F, Vavia 
P. Nanosponge formulations as oxygen delivery systems. 
International journal of pharmaceutics. 2010 Dec 15;402(1-2):254-
7. Available from: https://doi.org/10.1016/j.ijpharm.2010.09.025


