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ABSTRACT 
In recent years, drug targeting to the site of impact 

is a big problem, to overcome this problem, several 

new targeted drug delivery methods have been 

invented. Nano sponges are one such invention, 

these sponges are smaller in size than viruses and 

contain voids filled with various drugs. This sponge 

can enter the systemic circulation and travel all 

over the body until it interacts with a specific target 

site and binds to the surface and begins to release 

the drug in a controlled manner. An important 

feature of these sponges is their ability to dissolve 

in water and exert an effect on drugs with low 

solubility. This review focuses on preparation 

methods and applications of nanosponges in the 

field of drug delivery. Efficient, targeted drug 

delivery systems have been a long-standing dream, 

but have largely been frustrated by the complex 

chemistry involved in developing new systems. 

The invention of nano sponges has become an 

important step towards solving these problems.  

Keywordsnano-sponge, controlled release, poorly 

soluble drug, scaffold. 

 

I. INTRODUCTION 
In the recent year’s identification of novel 

chemical entities as well as its application to the 

detection and treatment of a wide range of diseases, 

nanotechnology has recently attracted a lot of 

researcher’s attention. There has been significant 

advancement in the field of nanomedicine, 

including the development of novel drug delivery 

systems like nano-emulsion, nanoparticles, 

nanosponges, and nanosuspension. Nano-sponges, 

one such novel drug delivery system, offers a 

multiple benefit over competing approaches, 

including improved drug bioavailability. As a by-

product known as nanomedicine, it has also had a 

favourable impact on the healthcare industry. As a 

result of advances in nanotechnology, specialised 

drug delivery systems have been created to achieve 

specific goals. Nano-sponges are similar in size to 

viruses. Due to the small size it quickly penetrates 

the skin. It's a brand-new kind of material with 

nanometer-wide cavities comprised of incredibly 

tiny particles. Drugs catagorised under BCS class II 

and IV that are poorly water soluble could 

potentially be placed into nano-sponges along with 

lipid-soluble drug molecules, improving their 

solubility 
[1,2]

. One of the benefits of nano-sponge is 

that it is a three-dimensional scaffold (backbone) or 

network of polyester that can naturally decay. 

These polyesters are mixed with a cross-linker in a 

solution to create nano-sponges.Biodegradable 

polyester is frequently utilised in this condition, as 

it breaks down gradually in the body. They will 

distribute through a matrix of additives, lubricants, 

diluents, and anti-caking agents when taken orally, 

where they will be more effectively utilised to 

tablet and capsule formulation 
[3]

. 

 

Difference between Nanoparticles and 

Nanosponge 

The thin line separating nanoparticles 

from nanosponges is the difference in size and 

porosity. While nanosponges' overall size can range 

from micrometre to micrometre and is normally 

less than 5 m, nanoparticles have holes that are 

nanometer in size. Nanoporous 

nanoparticles/microparticles have been described as 

nanosponges on a number of occasions. The 

hydrophobic and hydrophilic groups that are 

present provide nanosponges a structure with a 

variety of domains. [5] 

 

Advantages of Nanosponges 

• Improve solubility of lipophilic drugs in water.  

• Protection of molecules and development of 

drug delivery systems for different routes of 

administration.  

• They mix with water and serve as fluid 

carriers.  

• To mask unpleasant tastes.  

• Chemical linkers allow NS to bind specifically 

to the target site.  

• NS engineering originates from the availability 

of relatively simple chemistry of polyesters 

and linker peptides.  

Disadvantages of nanosponges 
• Nanosponges have the ability to encapsulate 

small molecules that are not suitable for larger 

molecules.  
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Special Properties of Nanosponges 
• Nanosponges have a range of sizes (1 μm or 

less) with tunable polarization of the voids. 

Nanosponges of specific size and tunable 

polarity can be synthesized by varying the ratio 

of coupling agent to polymer.
 [4]  

• Depending on the process conditions, they can 

be either para-crystalline or crystalline. The 

crystal structure of nanoparticles plays a very 

important role in their complexation with 

drugs. The drug loading capacity of 

nanosponges depends on the degree of 

crystallization. Para-crystalline nanosponges 

have shown different drug loading capabilities.
 

[5]
 

• They are non-toxic, porous particles that are 

insoluble in most organic solvents and stable at 

high temperatures up to 300°C. 
[6]

 

• Nanosponges because the formulations are 

stable in the pH range from 1 to 11 and 

temperatures up to 130 °C. 
[7]

 

• They form clear, impure suspensions in water 

and can be recovered by simple thermal 

desorption. 

 

Chemicals used for the synthesis of nanosponges 

Polymers  

Hyper cross-linked Polystyrenes, 

Cyclodextrins and its derivatives like Methyl β-

Cyclodextrin, Alkyloxycarbonyl Cyclodextrins, 2-

Hydroxy Propyl β- Cyclodextrins and Copolymers 

like Poly(valerolactoneallylvalerolactone) & 

Poly(valerolactoneallylvalerolactoneoxepanedione) 

and Ethyl Cellulose & PVA 

 

Cross linkers 

Diphenyl Carbonate, Diarylcarbonates, 

Diisocyanates, Pyromellitic anhydride, 

Carbonyldiimidazoles) Epichloridrine, 

Glutarldehyde, Carboxylic acid dianhydrides, 

2,2bis(acrylamido) Acetic acid 

 

Factors affecting the formulation of 

NanoSponge Polymer Type  

The formation as well as the performance of 

nanosponge depends on the selection of the 

appropriate polymer. The cavity or pore size of the 

nanosponge must be able to accommodate drug 

molecules of the appropriate size. 
[13]

 

 

Drugs  

 • Molecular weight must be between 100 and 400 

Daltons.  

 • The structure of the drug molecule should not 

contain more than five condensate rings.  

 • Water solubility should be less than 10 mg/ml.  

 • The melting point must be below 250°C. 
[15]

 

 

Temperature 

Temperaturevariationscanaffectdrugcomplexation.I

ncreasingtemperaturereducesthestabilityofNanoSpo

ngecomplexwhichisclearlypossible 

becauseNanoSpongedruginteractionforce,VanderW

aalsforceandhydrophobicforcecanbereducedwithinc

reasingtemperature.
[14] 

 

METHOD OF PREPARATION
 

Nanosponges made from hyper cross-linked β-

cyclodextrins 

super-crosslinked 

Nanospongeismadefromamaterialthatgeneratesnon-

porousmoleculesasacarriercalledcyclodextrinfordru

gdelivery.Thesecyclodextrinsareasuper-

crosslinkingagentthatformsmanynetworksinthenano

network,orcanevenbesphericalwithmanyproteincha

nnelnetworks,pores,etc.Thesecrosslinkingagentssta

bilizespongeswithspecificsurfacechargedensities,po

rosity,andporesizesof 

basedonthemoleculestheycontain.Crosslinkingagent

shelpkeepNanospongesatdifferentacidicandevenneu

tralpHvalues
[8]

 

Solvent emulsification method  

Main polymers used in this method are 

ethyl-cellulose and polyvinyl alcohol in variable 

proportions. The dispersed phase was formed by 

adding ethyl cellulose and the available drug was 

dissolved in 20 ml of dichloromethane. The 

continuous phase dropwise addition was prepared 

by dissolving polyvinyl alcohol in 150 ml of 

distilled water. The mixture was then stirred at 

1000 rpm for about 2 h. The obtained Nano 

sponges will be collected, filtered and dried in an 

oven for about 1 day and then stored in a 

desiccator. 
[9]

 

 

Solvent method  

The polymers used above can be used with 

suitable polar aprotic solvents such as 

dimethylformamide, dimethyl sulfoxide and mixed 

in proportion. Then, to this mixture, available 

crosslinkers are added in a ratio of 4:16. The 

temperature was maintained from 10 °C for the 

reaction of the polymers for 2 days. Most carbonyl 

crosslinkers (dimethyl carbonate and carbonyl 

diimidazole) are used. When the reaction was 

complete, the product was kept cooled to room 

temperature, then the mixture was added with 

distilled water for recovery and filtration in an air 
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furnace and purification was performed using a 

Soxhlet apparatus with the addition of water. add 

ethanol for additional extraction. Again, opt for 

vacuum drying and mechanical beating to obtain a 

uniform white powder. 
[10]

 

 

Ultrasonic-assistedsynthesis  

Inthisprocess,nanospongescanbeobtainedusingpoly

merswithcarbonylcross-linksundersolvent-

freeconditionsandstoredforsonication.TheseNano-

developedspongeswillhaveauniformsphericalsize.M

ixpolymerandcrosslinkingagentinsufficientquantity

andcollectinbottle.Theflaskwasfilledwithwaterandh

eatedto90°Cforsonication.Themixturewaskeptfor5h

forcontinuousnegatives.Themixturewasthencooled,

andtheproductwaswashedwithdistilledwaterandpuri

fiedusingaSoxhchletextractorusingethanol.Thefinal

productobtainedwasdriedat25°Candthewhitepowder

wasrecoveredandstoredawayfrommoisture.
[11]

 

 

NanoSpongedrugloading  

Nanospongesformulatedfordrugdeliverym

ustfirstbepretreatedtoachieveanaverageparticlesizeo

flessthan500nm.TheNanospongesarethensuspended

inwaterforaperiodoftimeandtreatedwithultrasonicw

avestoavoidtheformationofagglomerates.Theproduc

tsuspensionobtainedwascentrifugedtoobtainthecollo

id.Theobtainedsupernatantwasseparatedandthesamp

lewasdriedbylyophilization.
[12]

 

Alternatively,aqueoussuspensionsofNanospongesar

epreparedanddispersedwithcontinuousstirringforasp

ecificperiodoftime.NanoSpongesolidcrystalsareobta

inedbyevaporatingthesolventorbylyophilization.The

crystallinestructureofthenanoporousfoamplaysavery

importantroleinthedrugcomplexationprocess.Thedr

ugloadingcapacityincrystallinenanospongesishigher

thanincrystallineforms.Innanospongescontainingpo

orcrystallinestructure,drugloadingoccursasmechani

calmixingratherthanformationofaninclusioncomple

x.  

 

APPLICATIONSOFNANOSPONGES  

Nanospongesassustainedreleasesystem 

Acyclovirisoneofthewidelyusedantiviralagentsforth

etreatmentofherpessimplexvirusinfections.Itsabsorp

tioninGITisslowandincompleteandveryvariable.The

invitroreleaseprofileofacyclovirfromdifferentNanos

pongesindicatessustainedrelease.Thepercentageofac

yclovirreleasefromNanocarbspongeandNanosponge

after3hoursofuseisabout22%and70%.Thedrugwasn

otabsorbedonthesurfaceoftheNanoSpongeasnoinitia

lexplosiveeffectwasobserved.
[16]

NanospongesinSol

ubilityEnhancement 

ItraconazoleisaBCSdrugwithlimitedsolubilityandlo

wbioavailability.Therefore,theapplicationofnanospo

ngesimprovedthedrugsolubilitybymorethan27-

fold.Solubilitywasfoundtobeinexcessof55-

fold,whencopolyvidonumwasaddedasacarriercomp

onent.Eitherbymaskingthehydrophobicgroupsofitra

conazole,increasingdrugwetting,orreducingdrugcry

stallinity,nano-slitsimprovedrugsolubility.
[17]

 

 

Nanosponges in solubility enhancement 

Itraconazole is a BCS class Ⅱdrug which has a 

dissolution rate limited poor bioavailability. Thus 

the application ofnanosponges improved the 

solubility of the drug more than 27-fold. The 

solubility was found to be exceeded to 55fold, 

whencopolyvidonum was added as a Supporting 

component. Eitherby masking the hydrophobic 

groups of itraconazole, by increasing the wetting 

‘of the drug or by decreasing the crystallinity of the 

drug nanosponges improve the solubility of the 

drug. 
[17]

 

 

NanoSpongesinDrugDelivery  

Nanospongescanbeformulatedindifferentdosagefor

mssuchastopical,injection,aerosol,tabletsandcapsule

s.Telmisartan(TEL)isadrugwithlimitedbioavailabilit

y.TELwasincorporatedintothenanospongeformulati

on.Thesaturationsolubilityandinvitrosolubilityofthe

TELβ-

CDcomplexwerecomparedwiththatoftheconvention

alTELandTELnanospongecomplexes.Thehighestin

vitrodrugsolubilityandreleasewereobservedininclusi

oncomplexespreparedfromnanospongeandNaHCO3

.Paclitaxelisapoorlywater-

solubleantineoplasticdrug.β-CD-

basednanospongesareanalternativetotheclassicalcre

mophoreformulationbecausecremophorereducesthet

issuepenetrationofpaclitaxel.Thebiologicaleffectsof

paclitaxelinvitroaresignificantlyenhancedbythenano

spongeformulation.Econazolenitrateisanantifungala

gentusedforskininfectionsandfungalskindiseases.Ab

sorptionisnegligiblewheneconazoleisappliedtothesk

in.Therefore,econazolenitratenanofoamsweregenera

tedbysolventdiffusionandloadedashydrogels.
[18]

.  

 

NanospongesinEnzymeImmobilization  

Nanospongeshavebeenwidelyusedforenzymestabili

zation.CD-

NSexhibitsamuchhigherintegrationconstantthanCD

andissuitableforsupportingenzymeimmobilization.T

heyhelpmaintainthecatalyticcapacityandstabilityofi

mmobilizedenzymes.Enzymeimmobilizationisimpo

rtantforenzymerecyclingandfacilitatesseparationand

recoveryoftheformedproductsaswellasincreasesther

malstabilityandbiocatalystactivity.Boscolaetal.alsoi

nvestigatedthehighcatalyticefficiencyofsomePseudo

monasflurescenslipasesadsorbedoncyclodextrin-



 

 

International Journal of Pharmaceutical Research and Applications 

Volume 7, Issue 5 Sep-Oct 2022, pp: 1301-1307 www.ijprajournal.com   ISSN: 2456-4494 
                                      

 

 

 

DOI: 10.35629/7781-070513011307 | Impact Factor value 7.429   | ISO 9001: 2008 Certified Journal Page 1304 

basednanosponge.Lipasesarewidelyusedtocatalyzet

riacylglucerolhydrolysisandtransesterificationreacti

ons,withmanyindustrialapplications.
[19]  

 

Nanospongesforproteindelivery  

Amajorobstacleinproteinformulationdevelopmentis

maintainingtheoriginalproteinstructurebothduringfo

rmulationandduringlong-

termstorage.Swaminathanetalinvestigatednovelexp

andablepolynanospongesbasedoncyclodextrin.Thro

ughwaterabsorptionstudies,theyobservedverygoodst

ableswellingfor72hours.Bovineserumalbuminwasus

edasthetemplateproteinandincorporatedintotheprepa

rednanosponge.Improvedswellingpropertiesaswella

sincreasedproteinstabilitywereobserved.Atphysiolo

gicalpH,thelactoneringopensanddevelopsaninactive

carboxylateform.Thefusionofcamptothecininthenan

ospongesresultsinasustainedreleaseprofileintheactiv

eform,whichpreventshydrolysisofthelactoneforman

dleadstoimprovedstability.
[20]

 

 

CancerTherapies
[21]

: 
Nanospongescanbeusedasananti-

tumordrugdeliverydeviceforcancerdrugs.Themetho

dwasthreetofivetimesmoreeffectivethandirectinjecti

onofthedruginreducingtumorgrowth,theresearcherss

aid.Thesmallnanospongesareencapsulatedwithados

eofthedruganddisplayabindingpeptidethatbindstocel

lsurfacetargetsbyradiationtothetumor.Theysticktoth

esurfacewhenthespongecomesintocontactwithtumor

cellsandarestimulatedtoexpeltheircharge.Thebenefit

oftargeteddrugdeliveryallowsformoreaccuratediagn

osisatthesamedoseandfewerhealthproblems.Studies

havebeenconductedasaspongefillerinanimalswithpa

clitaxel. 

 

Antiviralapplication
[22]

: 
Inallcranial,nasal,pulmonarytherapeutics,nanospon

gesmaybebeneficial.TocaptureRTI-

infectingviruses,includingrespiratorymembranecell

viruses,influenzaviruses,andhinoviruses,nanocarrier

scanselectivelydeliverantiviraldrugsorsmallinterferi

ngRNAs.(siRNA)tothenasalandlungepithelium.The

ycanalsobeusedforHIV,HBV,andHSV.Zidovudine,s

aquinavir,interferon-α,acyclovir(Eudragit-

based)aredrugscommonlyusedonlyasanano-

deliverysystem.  

 

GasEncapsulation
[22]

:  

Cyclodextrin-

dependentNanospongeisusedtoformcomplexesconsi

stingof3separategases,namely1-

methylcyclopropene,oxygenandcarbondioxide.Fors

omebiomedicalapplications,complexationofoxygen

orcarbondioxidecanbeuseful.Inparticular,oxygen-

fillednanospongecandeliveroxygentohypoxictissues

invariousdiseases.Duetoitshighnature,extremelypor

ous;Asanefficientgascarrier,Nanospongehasalsobee

nexplored.Thecompositionofnanospongeshowsthea

bilitytomonitortheaccumulationandreleaseofoxygen

.Theycouldbeavaluabletooltodeliversomeimportant

gasesinthefuture.  

 

Otherusesofnanosponges  

Cyclodextrin-

basednanospongescanstronglybindorganicmolecule

sandextractthemevenattheselowwaterlevels.Thesam

econceptcouldbebeneficialwhenselectivelycombini

ngapolymerandacrosslinkertoremovebittercompone

ntsfromgrapejuice.Three-

dimensionalnanospongesforproteomicsapplications

canplayanimportantroleinpeptidefractionation.Forg

asessuchasoxygenandcarbondioxide,nanospongesca

nbeusedasatransportmedium.  

 

Oraldistribution 
Thiscomplexcanbedispersedinamatrixofdiluents,ex

cipients,lubricantsandanti-

cakingagentsfororaladministrationincapsuleortablet

form.Acetylsalicylicacid,anonsteroidalanti-

inflammatorydrug(NSAID)classifiedasaClassIIIBC

Sdrug,isusedtoformnanospongesforuseinanoraldrug

deliverysystem.
[23]

 

 

Topicaluse  

ThecomponentsofNanospongecanbeappliedtopicall

yasagelorcream.Itisbelievedthatthenanoparticlesarel

oadedwithresveratrol
[24]

 

 

Characterizationofthenanoparticles  

Methodsforthecharacterizationofcomplexingdrugs/

nanospongesarelistedbelow: Solubilitystudies 

Inclusioncomplexesareatechniquefordeterminingdr

ugsolubilityandbioavailability.Thistechniqueisthem

ostwidelydiscussedtechniquefortheanalysisofnanos

pongecomplexes.Thedegreeofcompletioncanbekno

wnbyplottingthesolubilityofthephases.Solubilitystu

diesareperformedtoaccessthepHofthedrug,outlineth

esolubility,andtoevaluatethefactorsaffectingdrugsol

ubility
[16]

. 

 

X-raydiffractionstudies  

Forthesolidstate,X-

raypowderdiffractionmeasurementcanbeusedtodeter

minethecomplexityofimpurities.Whenthedrugmolec

uleisliquidandtheliquiditselfhasazero-

diffractionpattern,thediffractionpatternofanewlyfor

medsubstancewillbemarkedlydifferentfromthediffra

ctionpatternofanincompletenanosponge.Thisdiffere

nceinthediffractionpatternindicatestheformationofa
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complex.Whenthedrugcompoundisasolid,itisnecess

arytocomparethediffractionpatternofthecomplexand

thatofthemechanicalmixtureofdrugmoleculesandpol

ymers.Thediffractionpatternofaphysicalmixtureisus

uallythesumoftheformsofeachcomponent,whilethed

iffractionpatternsofacomplexareobviouslydifferentf

oreachcomponentandresultinanewsolidphasewithdif

ferentdiffractionpatterns.together.Thediffractionpea

ksformixturesofcompoundsareusefulindeterminingc

hemicaldecompositionandcomplexformation.Comp

lexformationofthedrugwithnanospongechangesthed

iffractionpatternandalsochangesthecrystallinenature

ofthedrug.Thecomplexformationleadstotheemphasi

sofexistingpeaksandthedisplacementofcertainpeaks.  

 

Microscopicstudies  

Microscopicstudiesofdrug/nanofoamcanbeperforme

dusingscanningelectronmicroscopyandtransmission

electronmicroscopy.Theinclusioncomplexformation

representedbythedifferencebetweenthecrystallizatio

nandproductstateswasobservedundertheelectronmic

roscope.  

 

Thermodynamicmethod  

Ifthechangesoccurinthedrugmoleculeortheparticlesc

hangeearlierthanthethermaldecompositionofthenan

ofoam,itcanbedeterminedbythermochemicalmethod

.Thedrugparticlechangescanbemelting,evaporation,

oxidationanddecompositionandmacromolecularcha

nges.Changesinthedrugmoleculesuggesttheformatio

nofagoodcomplex.  

 

ParticlesizeanddispersionPolydispersity  

Particlesize 

wasdeterminedbydynamiclightscatteringusing90Plu

sparticlesizedeterminationsoftware.Dynamiclightsc

attering(DLS)isdefinedasatechniqueusedtoknowthe

sizedistributionprofilesofnanoparticles.Finally,thefi

nalparticlediameteranddispersionindex(PDI)canbef

ound.  

 

Thinlayerchromatography(TLC)  

TLCcanbedefinedasatechniquethatcanbeusedtosepa

ratenon-

volatileorvolatilemixtures.Inthistechnique,iftheRfva

lueofaparticulardrugmoleculeiswithinanacceptabler

ange,itisusefulinrecognizingtheformationofacomple

xbetweenthedrugandthenanosponges.  

 

InfraredSpectroscopy  

Interactionsbetweennanoslitsandsolid-

statedrugscanbedeterminedbyinfraredspectroscopy.

Thenanospongebandsmaychangeslightlyuponcompl

exformation.Fewguestmoleculesareboundinthecom

plexwithafractionlessthan25%,sothedrugspectrumc

anbeeasilymaskedbythenanospongespectrum.Thiste

chniqueisnotsuitablefordetermininginclusioncompl

exescomparedtoothermethods
[17]

.  

 

Chargingefficiency  

Theloadingefficiencyofnanospongecanbedetermine

dbyestimatingthedrugloadedintothenanospongeusin

gUVspectrophotometerandhigh-

performanceliquidchromatographyfornanoparticles.

Thechargingefficiencyof 

nanospongescanbecalculatedusingthefollowingform

ula. 

 
 

 

II. CONCLUSION 
Nanospongescandeliverbothhydrophilicandhydroph

obicdrugs,andtheyaredrugdeliverysystemsthatenabl

econtrolledandpredictabledrugreleasetoanefficientta

rgetsite,therebyimprovingefficiencyandbioavailabil

ity.Theycanbeformulatedinmanydifferentformulatio

nssuchastopical,oralandsystemic. 
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