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Abstract   

Undoubtedly, Cyclodextrin-based nanosponges (CD-NSs) are patentable nanosized, efficient 

delivery system designated as a three-dimensional nanostructure network. It can form porous 

spherical nanoparticles with a crystalline or amorphous structure. The internal polarizability of 

NS can be easily adjusting by alternating the type of cross-linker (CL) molecules and degree of 

cross-linking. Cyclodextrin-based nanosponges are a safe and can form complexes with different 

types of lipophilic or hydrophilic molecules. The nanosponges could be used to improve the 

aqueous solubility of poorly water-soluble molecules, protect degradable substances, obtain 

sustained delivery systems or design innovative drug carriers for nanomedicine. 
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Introduction 

Nanotechnology could simply define as the 

technology at the scale of one-billionth of a 

meter. It is the use on a miniature scale. It is 

the layout, synthesis, and application by 

monitoring shape and size at nanometer 

scale [1]. 

Nanotechnology in Drug Delivery 

Systems 

Nanotechnology is the creation and 

utilization of materials, devices, and systems 

through the control of matter on the 

nanometer- length scale. It is the familiar 

term for designing and utilization of 

structures with at least one characteristic 

dimension measured in nanometer [2].  

The inclination toward miniaturization of 

carriers had already started prior to the 

introduction of nanotechnology in drug 

delivery. The rightness of nanoparticles for 

use in drug delivery depends on a variety of 

individualities, including size and porosity 

[3]. 

Due to the smaller size of nanostructures, 

drugs can dissolve more rapidly and can pass 

safely through the body’s smallest blood 

vessels then, infiltrate into targeted tissues 

[40. Panyam and Labhasetwar stated that 

the uptake of nanoparticle through tissues 

was found to be 15-250 times greater than 

that of microparticles in the 1- 10μm range 

[5].In addition to these obstacles, more than 

half of active substances identified through 

combinatorial screening programs are 

difficult to formulate for administration due 

to their significant insolubility in water [6, 7]. 

In order to alleviate these challenges of 

conventional drug delivery, significant 

interest has been focused on the development 

of delivery systems that can enhance 

therapeutic solubility, release the drug in a 

sustained manner, preferentially localize the 

therapeutic to the site of action, and overall 

enhance therapeutic efficacy [8]. During the 

past decade, some of nano-formulations have 

been clinically approved or are under clinical 

investigation (Table 1) [9, 10]. 
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Table 1: Some Nano- formulations of drugs that are approved for Clinical Use or under Clinical Trials 

 

Recently, nanoparticles delivery systems 

have received plenty of concern which 

assigned to be a versatile drug delivery 

system [11]. So, the Figure (1) displays a 

different delivery system in term of 

nanoparticles. 

 

 
Figure 1: Nanoparticle drug delivery systems with relation to other scales 

 

Classifications of Nanoparticles  

Nanoparticles substantially divided into the 

following groups [12].  

 Lipid-based nanoparticles.  

 Lipid–polymer hybrid nanoparticles.  

 Polymer-based nanoparticles.  

Polymer-Based Nanoparticles  

These nanoparticles are nano-sized colloidal 

particles in which drug could be instilled or 

encapsulated within their matrix or adsorbed 

or conjugated onto the surface [13].  

According to the method of linking with 

drugs, the polymeric nanoparticles are of 

three types:  
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 Complexing nanoparticles: when 

nanoparticles attached to the drug 

molecules by electro-static charges.  

 Conjugating nanoparticles: at which the 

drug covalently linked to the 

nanoparticles.  

 Encapsulating nanoparticles: These are 

stated by nanocapsules and nanosponges 

(NS). Nanosponges are sponge like 

nanoparticles containing many holes that 

carry the drug molecules. In contrast, 

nanocapsules type, in which the drug is 

pent to a cavity of CD-NS at the nanoscale 

level [14].  

Nanosponges  

Nanosponges thought of being a unique 

category of polymer-based nanoparticles, 

delineated to be a hyper-crosslinked 

structure with mixture sizes and nanosized 
cavities typically obtained by natural 

derivatives [15].  

Types of Nanosponges  

Nanosponges made of many different organic 

or inorganic materials. Accordingly, could be; 

titanium-based nanosponges [16], silicon 

nanosponge particles [17], metal ion 

nanosponges [18], hyper cross-linked 

polystyrene nanosponges [19], carbon-coated 

metallic nanosponge [20], and of course, 

cyclodextrin-based nanosponges [21]. Well -

known examples amongst the varied 

varieties of nanosponges, CD-NS have gained 

significant attention and widely studied.  

Cyclodextrin-Based Nanosponges  

The hunt for an efficient drug delivery 

system is an enigma in itself. Our medical 

researchers and formulation scientists are 

always surrounded by issues pertaining to 

drug targeting, drug release, overdosing, 

solubility, permeability, activity, and 

bioavailability. Thus, creating or improving 

systems for drug delivery is a 

vicinity of current analysis [22].As soon as 

nanotechnology has turned up in the 

limelight, its bright prospects in medicine 

have been hailed enthusiastically. The 

advent of cyclodextrin-based nanosponges 

has paved the way to alleviate the above 

limitations and has gained a tremendous 

impetus in drug delivery [10]. 

The terminology ‘cyclodextrin nanosponges’ 

(Figure 2) was originally used by De Quan Li 

and Min Ma in 1998 to signify a β-

cyclodextrin, cross-linked by diisocyanates 

which when observed microscopically showed 

a porous structure and had a very high 

inclusion constant with quite a lot of organic 

pollutants [23]. 
 

Figure 2: Molecular structure of cyclodextrin nanosponges 

 

Cyclodextrin-based nanosponges are the 

lyophilized sponge-like structures (Fig. 3); 

appear as a three-dimensional network or 

scaffold, tiny, mesh-like structures. 

Internally, they comprise of a numerous of 

intersecting cavities within a non-collapsible 

structure with tunable polarity and cavities 

of nanometric size, microscopically, less than 

1 micrometer diameter, that can be loaded 

with a wide variety of drugs, and 

morphologically, they are seemed to be 

spherical with the typical porous exterior 

surface [24]. These hyper-cross-linked 

cyclodextrins can be obtained by reaction of 
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hydroxyl groups of α, β and γ cyclodextrins, 

with appropriate polyfunctional small 

molecules called cross-linker (CL) to form 

solid reticulate with hydrophobic sinus where 

materials can be entrapped [25].These 

carriers have been candidate for drug, with 

considerable and high solubilizing efficiency 

for poorly soluble drugs through forming 

inclusion and non-inclusion complexes with 

various drugs. Moreover, they improve the 

bioavailability of medications [26]. 

 

 
Figure 3: Conceptual structure of cyclodextrin nanosponges 

 

Interesting Features of Cyclodextrin-

Based Nanosponges 

The NSs exhibit a range of (1 μm or less) 

with the tunable polarity of their cavities 

[27].The drug release from these NS can be 

customized by tuning the type and degree of 

crosslinking. As they are biocompatible, 

nontoxic, safe, free-irritating, non-mutagenic, 

free-allergenic, and solid in nature, they 

could be designed as different dosage forms 

like oral, inhalational and parenteral dosage 

forms [28, 29]. 

They possessed a desirable zeta potential, 

which makes them, sufficiently high to 

produce stable suspension. as well, they are 

stable enough at robust temperatures up to 

300°C and over the pH range of 1 to 11 [25]. 

Different drugs could be included within 

nanosponge by inclusion and non-inclusion 

complex [30].Another important feature is 

that the formation constant depends closely 

on the solvent used. In aqueous 

environments, inclusion formation is greatly 

favored. On the contrary; the inclusion 

process is completely reversible in organic 

and less polar solvents, such as ethanol. 

Because of this reversibility, nanosponges are 

easily regenerated simply by washing with 

an ecofriendly solvent such as ethanol [31]. 

Advantages of Cyclodextrin-Based 

Nanosponges 

Nanosponges possess unique benefits that 

make them different from other particulate 

systems as listed in the following [32, 33]:  

 They possess numerous advantages 

ranging from improved solubility, stability, 

permeation, bioavailability, modulation of 

drug release to efficient drug targeting. 

Also, delivery of proteins, enzymes and 

gases are feasible.  

 By nanosponges, liquids may be converted 

to powders and unpleasant flavors can be 

masked. Thus, the improvement in 

formulation flexibility and processing of 

materials could be achieved  

 They are self-sterilizing, which make an 

organism difficult to penetrate NS pore.  

 They are cost effective.  

Disadvantage of Cyclodextrin-Based 

Nanosponges  

The fundamental hindrance of NSs is their 

capability to incorporate solely little 

molecules. Also, their loading capability 

counts chiefly on the degree of crystallization 

[34].They might be either para-crystalline or 

in crystalline kind, reckoning on the method 

conditions. Para-crystalline NS has shown 

numerous drug loading capacities, on the 

opposite hand, next kind of NS plays an 

important role in their complexation with 

medication [26, 35].   

Formation of Inclusion Complex  

A well-known feature of the CDs is its known 

ability to form solid inclusion complexes, 

these complexes are dimensional fitting 

between host cavity and guest molecule (Fig. 

4) at the lipophilic cavity of CD provides a 
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good media into favorable sized non-polar 

moieties can enter to form inclusion 

complexes [36].  

Indeed, no covalent bonds are broken or 

fashioned throughout formation of the 

complex, however the most propulsion of 

comples formation is that the unharness of 

enthalpy-rich water molecules from the 

cavity associate degreed displaced by a lot of 

hydrophobic guest molecules within the 

answer to realize an apolar-apolar link and 

reduce of CD ring strain leading to a more 

stable, lower energy conjugated by van der 

Waal forces [37]. 

 

Figure 4: Inclusion complex formation (host-guest complex) 

Methods of Preparation of Cyclodextrin-

based Nanosponge  

Indeed, two approaches used for the 

preparation of NS are condensation 

polymerization and interfacial 

polymerization.   

Condensation Polymerization  

As the name ‘condensation' suggests, 

cyclodextrins have cross-linked the presence 

of an excess quantity of CL preferably the 

ones with the active carbonyl containing the 

substance, for example carbonyl diimidazole, 

triphosgene, diphenyl carbonate, and organic 

dianhydride. [34].Once the reaction gets over, 

the mixture is allowed to cool and is poured 

into an excess of distilled water. Vacuum 

filtration recovers the product.  

Prolonged soxhlet extraction process obtains 

the purified product by suitable solvent 

(ethanol or acetone) which is followed by 

grinding in the mill to get the powder form of 

the cyclodextrin-based nanosponges [42]. 

Condensation polymerization technique could 

be simply achieved by one of following two 

common methods in below: 

Solvent Method  

These include mixing with the CDs in a polar 

aprotic solvent for example anhydrous 

dimethylformamide; anhydrous dimethyl 

sulfoxide after that, adds resulting solution 

to an excess of CL, the molar ratio of (CD: 

cross linker) is preferred as 1:2 to 1:12. The 

reaction proceeds with a solvent reflux 

temperature higher than 130-140°C and time 

ranging from 1 to 48 hr [36].  

The reaction is finished as a clear reticulate 

block fashioned, that has proved after that, 

the mixture allowed to cool to ambient 

temperature, then is added to an excess of 

double distilled water, and product is 

recovered by filtration under vacuum and at 

the same purify by prolonged soxhlet 

extraction with ethanol or acetone. 

Eventually, the product is dried under 

vacuum and grinded in a mechanical mill to 

get homogeneous powder [37]. The steps of 

nanosponge preparation by the solvent 

method are represented in Figure (5). 

Ultrasound-assisted Melting Method  

NSs are resulted through reacting CD with 

CLs without using solvent and sonification is 
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maintained. The size of yielded NS mainly 

will be spherical and uniform [26]. Schematic  

diagram of ultrasound-assisted synthesis 

steps of nanosponge is represented in Figure 

(6). 
 

 
Figure 5: Steps involved in the preparation of cyclodextrin-based nanosponges by solvent technique 

 

 
Figure 6:  Steps involved in the preparation of cyclodextrin based nanosponges by ultrasound-assisted synthesis [38] 

 

Interfacial Polymerization  

It is a method for preparing cyclodextrin 

nanosponges (CDNS) including the steps 

(illustrated in Figure 7) of dissolving CD in 

an alkali aqueous solution (potassium 

hydroxide) with a pH more than 10 to form a 

CD solution, dissolving cross-linking agent in 

organic solvent (methylene chloride, 

butanone, and chloroform) to form a solution, 

and then, solutions were added together with 

continuous agitation for half hour [32]. The 

yield was rinsed with purified water and 

centrifuged at 3000 rpm for 15 minutes. The 

filtrate was dried in vacuum conditions to 

obtain the nanosponge [39]. 
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Figure 7: Steps involved in the preparation of cyclodextrin-based nanosponges by interfacial polymerization [38] 

 

Characterization of Nanosponges  

A comprehensive characterization of 

cyclodextrin-based nanosponges, including 

Fourier transform infrared radiation (FTIR), 

Raman spectroscopy, X-ray diffraction, 

microscopic studies, thermal analyses, 

solubility studies, zeta potential and the like 

help in confirming the inclusion complexes 

formed [24]. 

Application of Cyclodextrin-based 

Nanosponges  

These nanosponges hold a tremendous 

promise in enhancing various attributes that 

pose a problem for formulation scientists 

including concerns pertaining to solubility, 

stability, bioavailability, activity, permeation 

and the like, which makes a formulation 

challenging [26]. 

Solubility Enhancement 

Undoubtedly, NS has been utilized to 

sufficiently enhance the solubility of the drug 

in addition to their distinctive role in 

improving the dissolution rate of poorly 

soluble drugs as scientifically proven as well 

as modifying release profile in a well-

controlled manner, throughout formations of 

inclusion complex suitable drugs [40].  

Modulation of Drug Release  

The release of the included drugs within 

cyclodextrin-based nanosponges can varied 

according to the type of nanosponges and 

crosslinking degree. So, release kinetics may 

be modified and accelerated [41, 42]. 

Stability Enhancement  

Cyclodextrin-based nanosponges can retard 

degradation of encapsulated molecules from 

light, enzymatically or chemical without 

itself getting involved in the reaction [43]. 

Reduction in Volatility of Essential Oils  

Cyclodextrin based nanosponges is possible 

to induce protection of volatile components 

like (Linalool) against loss by evaporation, 

thereby, in perfumes. Hence, we can have a 

long-lasting effect by slow release of the chief 

volatile components [44]. 

Nanosponges as Carriers for 

Biocatalysts, Enzymes, Proteins, 

Vaccines and Antibodies  

It is worth mentioning that protein, peptide, 

and enzymes are used in the medical 

purposes. Still, there have been numerous 

potential hurdles in its therapy like 

denaturation, aggregation, and adsorption 

such as short half-life, immunogenicity, rapid 

enzymatic degradation [45]. 

Nanosponges as Carrier for Delivery of 

Gases  

The inclusion of gases in CD cavities has 

already been proven, thus has now been 

made possible. Trotta F et al. prepared β-CD 

nanosponges and they approved that NS 

been able to store large amounts of CO2 [46]. 
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Cavalli et al. developed oxygen as 

cyclodextrin-based nanosponges to delivered 

oxygen topically to heal wounds [47]. 

Conclusion  

Nanosponges area unit a brand new sort of 

biocompatible cross-linked CD, whose 

production is versatile and efficient. CD-NS 

possess explicit feature concerning their 

encapsulation ability, and descriptive 

solubility enhancing with respect to differing 

kinds of molecules. Furthermore, NSs might 

broaden the vary of applications of CD in 

pharmacy, in addition as in different 

important fields, like agriculture, and 

cosmetics. NS Possesses an impressive ability 

to delivery two active drugs, simultaneously 

for medical aid purposes and concurrent 

therapeutic needs.  

Lastly, nanosponges will Encouraging the 

further application of novel nanotechnology 

be thought-about as multifunctional 

nanoscale systems appropriate for the 

delivery of active drugs in nanomedicine. 
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