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ABSTRACT
Through nanotechnology, nanosponges (NS) have a great impetus to develop ongoing research in drug delivery 
systems. In several pharmaceutical preparations, concern about the effects and regulation of transporters on drug 
effects can significantly contribute to our ability to predict drug variations. An ideal drug delivery system will solubilize 
the active medicament at the target site to decrease or cure the disease stage. NS is solid, porous tiny sponges filled 
with various drug molecules in their cavities for excellent drug delivery systems that play a significant role in drug 
delivery to specific target sites. It can improve the aqueous solubility and penurious bioavailability of drugs as they can 
load water and lipid-soluble drug molecules and reduce their side effects, in various dosage forms for controlled drug 
delivery such as oral, parenteral, topical, rectal, and inhalational dosage forms. It can also be employed as a biocatalyst 
carrier in drug delivery by developing drug delivery systems for enzymes, proteins, vaccines, and antibodies. The 
current review describes the methods of preparation of NS, types of NS, characterization, statistical design for the 
development of the formulation, their applications, in vitro cytotoxicity studies, recent products, patents filed in this 
area, and some marketed formulations of NS are all highlighted in this study.

INTRODUCTION
Nanosponges (NS) describe insoluble solid porous 

matter with typical nanometric porosity and lofty absorption 
with complexation properties. It is synthesized using organic or 
inorganic compounds (Caldera, 2017; David, 2010). This is a 
novel class of tiny sponges with a structure shown in Figure 1 that 
is as practical as the dimension of a virus, with numerous voids 
in which it can be packed with a drug and target the tumor cell by 
linking a particular chemical linker. The NS is considered a three-
dimensional or scaffold-structured network (Kaulitzki, 2013; 
Shringirishi et al., 2014). The polymer in the NS has an extended 
length of the polyester backbone and cross-linking agents that 
resemble microscopic grappling hooks to clip various parts of the 

polymer together. When the polyester is reacted with the cross-
linker, it forms a spherically shaped particle constructed with a 
pouch that can be used to hold therapeutic molecules. Polyester 
degrades gradually in the body since it is biodegradable. Using 
different cross-linkers will alter the length and cavity of the NS 
(Bolmal, 2013). At this point, the polymer blocks the drug inside the 
fissure as the core. In alginate NS, numerous pores with a sponge-
like structure can carry the drug molecules (Dai et al., 2009). NS 
has the potential to capture poorly soluble drugs and optimizing 
delivery. Because of its wide range of diameters (1 μm or less) 
and the cavities variable polarity, it can be created synthetically by 
changing the crosslinker ratio (Tejashri et al., 2013). 

It serves as a vehicle for delivering proteins, enzymes, 
vaccines, antibodies, and lipophilic and hydrophilic compounds 
to improve the low solubility of poorly water-soluble drugs 
(Trotta et al., 2006, 2012). It can disguise unpleasant flavors 
and solidification of the substances as they change from a liquid 
to a solid (Jilsha and Vidya, 2013). This innovative technology 
is five times more successful in potential delivering drugs for 
breast cancer than traditional approaches, it has the potential to 
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completely change how many diseases are treated (David, 2010). 
They move towards and bind with a tumor cell’s surface, wherever 
they are affixed superficially, and thus start discharging effectively 
the drug in a measured and predictable manner (Bolmal, 2013; 
David, 2010; Shivani and Kranthi, 2015). Unlike other drug 
delivery systems that release a maximum of their drug rapidly and 
uncontrollably after reaching their targeted site (known as the burst 
effect), NS releases the drug slowly, when it reaches the target site. 
After intravenous distribution, the mononuclear phagocyte system 
(MPS), which is predominantly made up of Kupffer cells in the 
liver pairing the phagocytic activity and recognizes nanodrug 
carriers, including liposomes, as foreign particles and promptly 
eliminates them. The MPS is cumulatively affected by multiple 
injections of particulate drug transporters, which compromises this 
crucial host defence system which is less possible in NS (Allen, 
1988). NS can remove the organic froth from water (Taka et al., 
2017). Moreover, NS exhibit a notable benefit above conventional 
nanoparticles: indeed, it is readily regenerable by a variety of 
processes, such as washing with efficient and environmentally 
solvents, employing relatively inert hot gases for stripping, mild 
heating, or changing pH or ionic strength. NS has already been 
used in a variety of application domains for all these qualities, 
including the cosmetic and pharmaceutical industries, flower 
cultivation, and polymer flame retardancy (Alongi et al., 2010; 
Boscolo et al., 2010).

The followings are some of the topics on the review of 
NS, Cyclodextrin (CD)-based NS: A critical review (Sherje et al., 
2017), The application of NS to cancer drug delivery (Trotta 
et al., 2014), NS: a potential nanocarrier for novel drug delivery-a 

review (Shringirishi et al., 2014), Evolution of CD NS (Caldera, 
2017).

Chemicals used for the synthesis
Polymers and cross-linkers are the chief ingredients in 

the formulation of NS. The polymer used can influence the content 
and development of NS. It can bind to specific ligands, and an 
agent such as crosslinker will rely on the polymer structure and 
the drug formulation (Singh and Monika, 2022). Polymers are 
frequently used in the production of medications with prolonged 
release and cutting-edge polymeric delivery systems, including 
stimuli-responsive polymeric systems (Raval et al., 2019). The 
crosslinking agent determines the space dimensions of NSs that 
can accommodate drug loading (Selvamuthukumar et al., 2012). 
The chemicals used in the preparation method are listed below 
(Table 1).

Recent discoveries include the NS, organic or inorganic 
materials constructed of three-dimensional networks of spherical 
particles through a porous medium with cavities a few nanometers 
across and various dimensions (1 μm or less). The porous NS 
particles are nontoxic, will not solubilize in organic solvents and 
will stable up to 300°C. NS formulations can be stabilized at 
temperatures of up to 130°C and a pH range of 1 to 11. It can be 
extended to release the medications with continuous action for 12 
to 24 hours, examples of which are titanium or other metal-oxide-
based, silicon-based, carbon-coated metallic, hyper-cross-linked 
polystyrene and CD-based NS. NS suspended in water but does 
not chemically degrade in it, which was then used as a transport 
fluid (David, 2010). It dissolves in water to create clear solutions, 
opalescent suspensions and can be recovered through direct 
thermal desorption, solvent extraction, microwave treatment, 
and ultrasonic treatment. Nanosized colloidal carriers, which 
were created specifically for the delivery of drugs. According 
to Singireddy and Subramanian (2016); the low water solubility 
and poor absorption of quercetin can be enhanced by increasing 
the dissolution rate of encapsulating in CD NS for delayed 
drug delivery for particular tissue applications (Singireddy and 
Subramanian, 2016). NS can provide sustainable prolonged 
release as well as enhance the drug molecules bioavailability, thus 
modifying the pharmacokinetic parameters (Tejashri et al., 2013).

CDs form complexes with active pharmaceutical 
ingredient(s) to improve water solubility, conceal undesirable 
properties, reduce adverse effects, and improve photostability and 
stability. Additionally, CDs have been demonstrated to regulate Figure 1. Structure of NS. 

Table 1. Chemicals in the preparation of NS.
Polymer Copolymer Crosslinker Polar solvents

•  Hypercrosslinked polystyrene

•  CD (alkoxy carbonyl CD)

•  Methylβ-CD 

•  Hydroxy propyl β-CD

•  Poly-valerolactone 

•  Eudragit RS100 

•  Acrylic polymer

•  Poly (Valerolactone allyl 
valerolactone)

•  Poly (Valerolactone allyl 
valerolactone oxypanedione)

•  ECPVA

•  Carbonyl diimidazole (CDI)

•  Carboxylic acid dianhydrides

•  Diarylcarbonates

•  Dichloromethane

•  Diisocyanates

•  Glutaraldehyde

•  Pyromellitic anhydride 2,2bis(acrylamide) 
acetic acid

•  Ethanol

•  Dimethylacetamide

•  Dimethylformamide
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the release of specific active substances. CD-based NSs are 
hyper-crosslinked systems created by crosslinking several CD 
molecules using substances like carbonyl or carboxyl chemicals. 
Crosslinked polymers are the resultant systems and exhibit 
remarkable features including chemical inclusion or absorption, 
swelling, and efficient active agent release. The NS delivers high 
efficient drug loading capacity compared to other structured 
nanocarriers and has tremendous potential for addressing issues 
with bioavailability, solubility, the pre-regulated sustained release 
of a variety of pharmacologically active therapeutic agents and 
stability. Additionally, the developed NSs can be incorporated into 
common dosage forms such as ointments, gels, creams, lotions, 
and powders for therapeutic purposes. Prior research has revealed 
that CD-based carbamate NS can bind to organic molecules 
and are used to filter water. This type of NS can simultaneously 
store both the non-polar organic chemicals and cations because 
it encompasses a free polar carboxylic acid group. According 
to previous studies, CD-based NS acts as a delivery system for 
drugs like paclitaxel, acyclovir, curcumin, camptothecin and 
itraconazole (Torne et al., 2013; Hariri, 2014; Lembo et al., 2013; 
Mognetti et al., 2012; Swaminathan et al., 2010a, 2010b; Torne 
et al., 2010). Furthermore, it has been observed that NS can 
improve the solubility and bioavailability of various compounds, 
such as resveratrol and tamoxifen (Lembo et al., 2013; Osmani 
et al., 2015).

Patient pliability during dosage form administration and 
subsequent repeated-dose therapy regimen is a crucial difficulty 
in vaginal drug delivery. Gels have essential advantages over 
conventional formulations, including adaptability, safety, high 
bioavailability, and cost-effectiveness. Patients tolerate gels better 
than any other dose form and vaginal therapy can be greatly 
enhanced with drug delivery systems like keeping the medication at 
the specifically employed target site for a long period. In situ gelling 
drug delivery systems change the rheological characteristics of the 
polymer platform in reaction to stimuli, releasing pharmaceuticals 
in response to environmental signals. Hence, these systems can 
be designed to adequately cover the entire vagina and keep the 
formulation adhered on to the mucosal tissue. A reversible form 
of gelation may take place at physiological temperature and this 
thermoreversible behavior of Pluronic F 127 gel is caused by a 
conversion of its micellar characteristics as a function of both the 
difference in the polymer concentration and ambient temperature. 
Such systems provide the vagina several advantages, including 
great spreadability, simplicity of application at body temperatures 
below sol-gel temperature, rheological structuring, and the ability 
to deliver therapeutic substances topically. As a result, vaginal 
retention time at body temperature is improved.

Hyper-cross-linked CD-based NS can be made from CD 
, either by themselves or in blends with appropriate proportions of 
linear dextrin, and cross-linked with the appropriate cross-linking 
agent. Chemical linkers enable preferential connection of NS to 
the target site. With various medications, they produce both the 
inclusion and non-inclusion complexes. Their crystal structure 
greatly influences the complexation of NS with medicines. The 
degree of crystallization seems to have a major impact on the 
loading capacity of NS. Different drug loading capabilities have 
been observed for para-crystalline NS. As drug carriers, intriguing 
results have already been attained by utilizing a compound 
of an active carbonyl molecule, such as carbonyldimiidazole, 
triphosgene, diphenyl carbonate (DPC), or organic dianhydrides. 
Overall, this results in the production of spherical particles 
containing hydrophobic cavities and hydrophilic channels that 
can trap drug molecules. Several interconnected voids make up 
a single NS system, a non-collapsible structure that can store 
various chemicals. NS will offer a perfect drug release profile 
and a longer retention period at the specific target site profile 
of encapsulated drug moieties for improved and good efficient 
therapy to treat various cancers, including breast and colon cancer. 
The current review was undertaken for the drug delivery of NS, 
preparation methods, characterization, mechanism of drug release, 
and applications.

Method of preparation

Solvent method
This method uses chemicals such as a polymer [β-CD, 

ethyl cellulose (EC), alginates, eudragit, polyvinyl alco (PVA)] 
and a suitable solvent, particularly aprotic polar solvents like 
dimethylformamide and dimethylsulfoxide, were mixed to form 
a mixture (Prabhu et al., 2020). Then the mixture, add a sufficient 
quantity of cross-linker (Dimethyl carbonate and CDI), preferably 
to a cross-linked/polymer with the determined molar ratio of 4 
to 16 for the formulation. The reaction is conducted for 1 to 48 
hours at temperatures ranging from 10°C to the solvent’s reflux 
temperature. The finished product is made by mixing the cooled 
solution with a significant amount of bidistilled water. Filtration is 
used to recover the product under vacuum, and long-term Soxhlet 
extraction is used to purify it further. Finally, the end product 
was dehydrated under a vacuum and was used to minimize the 
size using a mechanical mill to create a uniform powder (Lala 
et al., 2011; Trotta et al., 2006). This method is diagrammatically 
explained in Figure 2.

Ultrasound-assisted synthesis
NS is formed in this technical method by sonicating the 

polymers with the cross-linkers without using a solvent. When made 

Figure 2. Solvent method.
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using this technique, the NS is spherical and homogeneous in size. A 
flask was filled with the polymer and the cross-linker at a certain molar 
ratio. After that, it was held for 5 hours under continuous effective 
sonication in an ultrasound bath device filled with water that had been 
heated to the temperature up to 90°C. The non-reacted polymer was 
then effectively removed by adding too much water, then by using 
ethanol it was extracted for a long-time. It is possible to obtain NS with 
a narrow particle size distribution by high-pressure homogenization 
technique. Finally, the product was then desiccated at 25°C under a 
vacuum. Figure 3 explains the method (Alongi et al., 2010; Ansari et al., 
2011; Dhavala and Tenneti, 2017; Lala et al., 2011; Shende et al., 2012).

β-CD that are hyper cross-linked
In this method, the drug carrier for delivering the drug 

was β-CD. NS was prepared by means of reacting β-CD and 
employing a cross-linker. Its Synthesis can be in the nature of 
neutral or acidic forms and have a mean diameter of lesser than 
1 µm, but fractions of particles below 500 nm can be picked out 
(Davankov et al., 1996; Setijadi et al., 2009). Figure 4 represents 
the β-CD NS.

Solvent evaporation method 
NS can be formed using EC and PVA. Here, 

dichloromethane, an organic solvent, was used to dissolve the 
dispersed phase EC and then it was thoroughly mixed with the 
PVA aqueous solution, the continuous aqueous phase. The 
reaction is then continued via magnetic mixing for 5 hours. Then 
finally after filtration, the product was dried for 24 hours at 40°C 
in an oven (Swaminathan et al., 2010a, 2010b). This procedure is 
explained in Figure 5.

Melt method
The crosslinker and β-CDs are fused when using the 

melting technique. The remaining fixings are finely homogenized 
and added to a 250 ml jar preheated to 100°C. The reaction is then 
carried out for 5 hours by magnetic mixing. The reaction mixture is 
allowed to cool, after which the result is broken down and repeatedly 
washed well with suitable solvents, i.e., ethanol, to eliminate the 
excipients and byproducts that have not reacted completely (Sharma 
et al., 2022). These blank NS’s were then encapsulated (Rao and 
Bhingole, 2015). This method is illustrated in Figure 6. 

Bubble electrospinning
A syringe, syringe pump, high-voltage power, and 

a grounded collector are the main components of a standard 
electrospinning setup, as outlined in several pieces of literature. 
However, the amount of nanofibers production is one of the key 
restrictions that restrict their applicability. PVA can also be utilized 
as a polymer in the bubble electrospinning technique. The solution of 
polymer (10%) was organized by adding distilled water, it was then 
stirred at 80°C–90°C for 2 hours to produce a one-phase mixture. 
The polymer solution was then allowed to cool before making NS 
fibers (Yang et al., 2009). The process is illustrated in Figure 7. 

Synthesis by the use of microwave radiation
Compared to traditionally manufactured nanoparticles, 

the loading capacity of CD NS made with microwave assistance 
was doubled. This group described the use of microwave 
technology as a very effective, straightforward, repeatable, 
scalable, and affordable approach to creating CD NS within a 
short period. 

Figure 3. Ultrasound-assisted method.

Figure 4. β-CD.
Figure 5. Solvent evaporation method. Ec-Ethyl cellulose; DCM-
Dichloromethiane; PVA-Polyvinyl alcohl.
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Figure 6. Melt method.

Figure 7. Bubble electro spinning method. 

Zainuddin et al. (2017) developed a microwave-
mediated approach to create CD NS to increase the bioavailability 
of rilpivirine hydrochloride. This group optimized the solvent 
volume, the crosslinker, and the polymer-to-watt power ratio while 
using DPC as the crosslinker. In the investigation, paracrystalline 
CD NS was developed, which significantly increased the oral 
bioavailability of the medication rilpivirine hydrochloride 
(Zainuddin et al., 2017).

This microwave irradiation synthesis approach for CD-
based NS drastically speeds up response time. The crystallinity of 
these NS is excellent. Compared to conventional heating methods, 
microwave synthesis of NS produced a consistent particle size 
distribution and uniform crystallinity while reducing reaction 
time by four. Singireddy et al. (2016) tested the advantages of 
the technique of microwave-assisted heating over conventional 
heating when synthesizing CD-based NSs. The outcomes results 
demonstrated that the model drug’s capacity to retain drugs was 
doubled by NSs produced using microwave assistance. The 
NSs produced via microwave synthesis have an elevated level 
of complexity, a limited size distribution, and a high degree of 
crystallinity. When microwave-assisted heating, reaction durations 
were dramatically reduced, and reaction products were significantly 
enhanced (Singireddy et al., 2016). Utilizing microwave irradiation 
for synthesis has the advantage of precisely providing direct energy 
to the targeted molecules. Thus, the real impact is visible as the 
reaction progresses (Zainuddin et al., 2017).

Quasi-emulsion solvent method
The polymer of different ratios was used to assemble the 

NS in various quantities. To prepare the inner phase, Eudragit RS 
100 is mixed with the relevant solvent. The drug was dissolved 
using ultrasound at 35°C and given in a solution form. This 
internal phase acts as an emulsifier when combined with the PVA-
containing external phase. The formulated mixture is agitated 
for 3 hours at the speed of 1,000–2,000 rpm at ambient room 
temperature and then dried for 12 hours in hot-air oven at 40°C 
(Eldose et al., 2015).

Experimental design
The NS preparation formulas are optimized using 

a statistical method experimental design (Box–Behnken 
method in the Design–Expert version 9.0.1; Stat-Ease, Inc., 
Minneapolis, MN). Design-Expert DX 8.0.7.1 was used to 
optimize the formulation, using 23 complete factorial designs, the 
administration of two drugs with CD cross-linked to artemether 
(ART) and lumefantrine (LUM) NS for synergistic effects was 
optimized. Impact of independent factors on dependent variables 
at various levels and a complete factorial design. The data from 
the ANOVA test demonstrated the model’s applicability with a 
p-value of less than 0.05.

The considerable impact of hydroxyl propyl (HP) β-CD, 
β-CD, and CDI on entrapment efficiency (EE) and particle size was 
demonstrated by 23 complete factorial designs. Figure 8 depicts 
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particle size, EE of ART using HP-CD, and EE of LUM using a 
3D response surface curve that shows the impact of independent 
factors on each (Pawar and Shende, 2020a). The Design Expert® 
(10.0.0.1) program was carried out for a statistical design to develop 
the Risedronate Sodium-loaded NS formulation. The quantity 
of EC (X1) and the percentage of PVA (X2), were independent 
variables that were employed at low, medium, and high levels. The 
particle size (Y1) and percent of EE were two dependent variables 
they examined in relation to independent factors (EE, Y2). 
According to the ANOVA analysis, the p-value declined beneath 
0.05, demonstrating that the model fitting was significant (Pandya 
et al., 2019).

According to Aldawsari et al. (2015) the effect of two 
studied variables such as EC:PVA ratio which was represented as 
X1 and stirring rate which was represented as X2 on the specified in 
vitro characteristics of all the prepared formulations with response 
variables like to be particle size (Y1) and percentage of drug released 
after 6 hours (Y2) were statistically analyzed by using Design-
Expert® Software Version 7.0.0 (Stat-Ease Inc, Minneapolis, MN). 
The mean percentage of lemongrass oil released after 6 hours (Y2) 
was in Figure 9 (Aldawsari et al., 2015). 

In order to ascertain the effects of four different 
independent variables at their predetermined levels on the percentage 
yield, drug content, and EE for the formation of colloidal NS that 
was loaded with hesperetin, (Quality by design) was developed 
according to a 42 factorial design. Nineteen trials were developed 
and 3D surface response plots are used to explain the impact of 
various independent variable factors on the responses Y1–Y3. 
An intimate match between experimental and predicted values 
suggests that the design was successful in analyzing and optimizing 
the formulations. Figure 10 represents the 3D impacts of variables 

on the yield, amount of drug, and effectiveness of entrapment of 
hesperetin-loaded colloidal NS (Rodrigues et al., 2022).

Drug loading
These NS must be reduced to less than 500 nm particle 

size. Then a colloidal segment is produced by centrifuging 
the suspension. The uncomplexed drug was separated from 
the suspensions as a residue below the colloidal supernatant 
by centrifuging them at 3,000 rpm for 10 minutes. Then, 
Using a lyophilizer, the resulting supernatant was freeze-dried 
(Selvamuthukumar et al., 2012). The development of the drug’s 
complex depends critically on this solid, freeze-dried form of NS, 
and the drug loading range (62.8 ± 0.22 to 73.1 ± 0.39) (Solunke 
et al., 2019) of crystalline NS is greater than those of paracrystalline 
NS. The drug loading occurs as a mechanical mixture in weak 
crystalline NS (Indira, 2012; Lala et al., 2011). The drugs that have 
been administered in NS formulation are listed in the table below. 
(Table 2).

In vitro drug release mechanism from NS and pharmacokinetics
The tiny vehicle’s encapsulated active ingredient 

travels freely out of the tiny vehicle due to the open nature of 
the nanosponge until equilibrium is reached. The equilibrium 
changes after local application, leading to the unsaturation of 
active ingredient-containing vehicles. As a result, until the vehicle 
is entirely dried up or absorbed, the flow of active drug contained 
in the vehicles begin traveling toward the stratum corneum of the 
skin. Over time, the NS kept on the stratum corneum’s surface, 
constantly releasing active ingredients to the skin, resulting in 
pseudo-zero-order kinetics (Lembo et al., 2018; Sadhasivam 
et al., 2020; Swaminathan et al., 2016).

Figure 8. Particle size, EE of ART using HP-CD, and EE of LUM.
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Figure 9. Particle size and percentage released after 6 hours of lemongrass oil.

Figure 10. 3D response surface curve illustrating the effect of independent variables on yield (A), drug content (B and C) of hesperetin loaded colloidal NS. 

Release kinetics

The in-vitro release tests for NS are performed using a 
rotating multi-compartment cell with a dialysis membrane. Drug-
loaded NS complexes in distilled water are present in the donor 
phase. The receptor phase is then completely removed, diluted 
with water, and examined by a UV-visible spectrophotometer at 
predetermined intervals. Also, USP Apparatus II can be used in 

several cases depending on the formulation (Mathew et al., 2013). 
To further understand the mechanism of drug release from the 
NS, the release data was analyzed. NSs’ in vitro release data were 
fitted to models using zero-order, first-order, Higuchi, Korsmeyer-
Peppas, Kopcha, and Makoid-Banakar coefficients (Asad et al., 
2014; Fontana et al., 2019; Higuchi, 1963; Jyoti et al., 2016). 
Software like GraphPad Prism could be used for data analysis. The 
software determines the nonlinear function’s and the parameters 
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for the nonlinear function that best matches the experimental data 
(Matencio et al., 2020).

TYPES OF NS
Titanium-based NS (Guo et al., 2008), silicon-based 

NS (Bryant, 2013), hypercross-linked polystyrene NS (Davankov 
et al., 1996), and CD-based NS (Swaminathan et al., 2010a, 
2010b). CD-based NS are further classified as carbamate NS, 
carbonated NS, ester NS, and polyamidoamine NS (Madhuri et 
al., 2010; Shringirishi et al., 2015). Nonenzymatic hydrolysis 
seems to have a much lower impact on naturally occurring α-CD, 
β-CD, and γ-CD than it does on linear oligosaccharides. Moreover, 
human salivary and pancreatic amylases are unable to hydrolyze 
α-CD and γ-CD. Due to this property, CD drug conjugates function 
normally in the upper gastrointestinal tract until they reach the 
colon. Large amounts of macrobiotics, primarily bacteriaides, 
in the colon prevent CD from fermenting into tiny saccharides, 
resulting in fast drug release (Shahiwala, 2020). 

Evaluation of NS
The characterization parameters for NS formulations are 

given in Table 3.

Solubility studies 
The phase solubility method, proposed by Higuchi and 

Connors, was the method most frequently used to investigate 
inclusion complexation The impact of NS on the solubility of 
drugs was investigated in these studies. Complexation level is 
determined via phase solubility diagrams. An Erlenmeyer flask 
is used to determine the solubility studies in this method. For 
this, the flask containing drugs with an aqueous solution with 
varying concentrations of NS was agitated with a mechanical 
shaker at 37°C. When the suspension had attained a balanced 
state, a 3,000-dalton molecular filter was used to clarify 
it. The drug content in the solution was ascertained using 
high-performance liquid chromatography (HPLC) analysis 
(Shringirishi et al., 2014).

Efficiency of loading and entrapment
Before being analyzed with a UV spectrophotometer or 

HPLC procedures, a weighed quantity of loaded NS complexes 
must be dissolved in a suitable solvent, broken up using a sonicator, 
and then adequately diluted (Patel and Oswal, 2012; Shobhana 
and Suma, 2017). The following formula can be used to calculate 
the loading efficiency of NS.

ADC =
le × 100

tdc

ADC = Actual drug content,
    LE = Loading Efficiency,
 TDC = Theoretical drug content. 

Production yield (PY)
The PY can be calculated by calculating the initial 

weight of the raw materials and the final weight of the NS (Patel 
and Oswal, 2012; Shobhana and Suma, 2017).

PMN =
py × 100
tm

PMN = Practical mass of NS,
    PY = Production yield,
   TM = Theoretical mass (polymer + drug). 

Microscopy studies
Scanning electron microscopy (SEM) and transmission 

electron microscopy (TEM) are employed to examine the 
microscopic properties of the drug and drug/NS complex. Fresh 
ingredients and products from various crystallization phases 
combine to generate inclusion complexes, which may be seen 
under an electron microscope (Caldera, 2017; Challa et al., 2005; 
Singh et al., 2010; Swaminathan et al., 2010a, 2010b).

Polydispersity and particle size
Using a 90 Plus particle sizer and the MAS OPTION 

particle sizing program, one can use dynamic light scattering 

Table 2. Drugs captured in NS.
Drug Therapeutic activity NS vehicle Attribute Administration route Reference

Itaconazole Antifungal β-CD, copolyvidonum Enhanced drug solubility Oral, topical Swaminathan et al. (2007)

Dexamethasone Anti-inflammatory β-CD, DPC Enhanced drug solubility Oral, parenteral Cavalli et al. (2006).

Flurbiprofen Anti-inflammatory β-CD, DPC Sustained drug release Oral Cavalli et al. (2006).

Doxorubicin Antineoplastic β-CD, DPC Sustained drug release Parenteral Cavalli et al. (2006).

Nelfinavir mesylate Antiviral β-CD, dimethylcarbonate Enhanced drug solubilisation Oral Swaminathan et al. (2016)

Gamma-oryizanol Antioxidant β-CD, DPC Enhanced drug stability, 
solubility, permeation Topical Swaminathan et al. (2016)

5-Fluorouracil Antineoplastic β-CD Enhanced drug stability Parenteral, topical Torne et al. (2013)

Tamoxifen Antiestrogen β-CD, CDI Enhanced bioavailability, 
solubility Oral Swaminathan et al. (2016)

Resveratrol Antioxidant β-CD, CDI
Enhanced drug stability, 
permeation, cytotoxicity, 
controlled drug release.

Oral, topical Ansari et al. (2011)

Acetylsalicylic acid Anti-inflammatory β-CD, PMDA Prolonged drug release Oral Trotta et al. (2012)

Curcumin Antineoplastic β-CD, dimethylcarbonate Enhanced activity, 
solubilization Parenteral Swaminathan et al. (2016)
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to calculate the particle size. The polydispersity index (PDI) 
and mean diameter may be computed using this data. The 
PDI measures variance or dispersion within the particle size 
distribution. A sample is considered monodisperse if the PDI value 
is lower, whereas a sample is considered polydisperse if the PDI 
value is higher and displays a wider range of particle sizes. The 
polydisperse index of dispersion is given in Table 4. To calculate 
PDI, use the following equation:

PDI =
∆d

davg

Whereas on the particle size data sheet, (d) is the width of the 
distribution marked by SD, and (d Avg) is the average particle size 
denoted by MV (nm) (Schärtl, 2007).

The following methods can be used to measure particle 
size: SEM, TEM, Atomic Force Microscopy, and Freeze Fracture 
Electron Microscopy (Rao et al., 2012).

Zeta potential
Surface charge is measured by the zeta potential. An 

additional electrode in particle size measurement equipment can 
be used to determine it (Swaminathan et al., 2010a, 2010b). After 
being diluted with 0.1 mol/l KCl, NS samples were put in an 
electrophoretic cell with an electric field of roughly 15 V/cm for 
zeta potential analysis. 

Thermo-analytical methods 
The three most frequently employed techniques with 

thermograms are peak broadening, peak shifting, and the emergence 
and disappearance of certain peaks. Thermal degradation of the NS 
can be monitored with these thermo-analytical methods. Melting, 
evaporation, breakdown, oxidation, or polymorphic transition are 
some examples of this deterioration The complex formed is due to 
the modifications in the drug substance (Patel, 2014; Singh et al., 
2010). 

X-ray diffractometry structure analysis
The solid-state inclusion complex was detected by using 

the Powder X-ray diffractometry technique. Since a liquid drug 

molecule has no inherent diffraction pattern, it behaves differently 
from an un-complex NS in terms of its diffraction design pattern. 
A complex formation is indicated by a variation in the diffraction 
pattern. If drug compounds are in a solid state, a comparison 
study between the mechanical combination of the drug/polymer 
molecules and the assumed complex of the diffractogram must be 
done (Lee et al., 2011; Liang et al., 2012; Trotta et al., 2012). The 
diffraction pattern of a physical mixture is typically the result of such 
factors. A “new” solid phase is produced by distinct diffractograms 
if each complicated component displays a distinct diffraction 
pattern. Chemical decomposition and complex formation can be 
known using diffraction peaks obtained in a mixture of compounds 
(Shringirishi et al., 2014). The diffraction patterns will alter if the 
drug and the NS form a complex and change the drug’s crystalline 
nature. The complex formation of a compound indicates that the 
existing peaks will become sharper, a few new peaks will appear, 
and the exact peaks will move (Trotta et al., 2012).

Infra-red spectroscopy
With the aid of infrared spectroscopy, the interactions of 

NS with pharmaceutical compounds in the solid state are evaluated. 
When a complex forms, NSs’ peaks often vary relatively slightly. 
Peaks that could be attributed to the guest molecules’ involved 
portion are blatantly concealed by the peaks of the spectrum of the 
NS if the segment of the visitor molecules that was encapsulated 
in the complex was less than 25%. The technique is used less 
commonly to locate the inclusion complexes and does not provide as 
much clarification as other techniques. (Caldera, 2017; Shringirishi 
et al., 2014). Only certain medications with distinctive peaks, like 
carbonyl or sulfonyl groups, are eligible for infrared spectroscopy. 
Studies using infrared spectroscopy expression that hydrogen is an 
associate of multiple functional groups. This frequently encompasses 
the oscillation of the group essential to the design of the hydrogen 
bonds, causing the absorbance peaks to shift to lower frequencies, 
increase in strength, and broaden. The stretching vibration peaks 
near the origins of the hydroxyl group undergo the most significant 
alteration due to the hydrogen bond (Caldera, 2017). 

Thin layer chromatography
The Rf values were identified using thin-layer 

chromatography in this NS complex drug molecule exposed the 
lower Rf value significantly, supporting the recognition of the 
complex between the NS and drug molecule (Singh et al., 2010). 

Resilience tests
NS’s toughness (viscoelastic properties) can be changed 

to produce softer or harder beadlets depending on the needs of 

Table 3. Characterization parameters for NS formulations.
Sl.no Technique Characterization Reference

1. Phase solubility technique The effect of NS on dissolubility of drug. Saokham et al. (2018)

2. Polydispersity To measure of broadness and molecular weight distribution of a particle. Rogošić et al. (1996)

3. Particle size To determine the average diameter of NS Ansari et al. (2011)

4. Zeta potential To measure  the electrical potential between the particles and surface charge Cavalli et al. (2006)

5. X-ray diffractometry To study the physical nature of drug with in the NS . Selvamuthukumar et al. (2012)

6. Infra-red spectroscopy To study the compatibilities of the used ingredients Salawi et al. (2022)

7. Resilience tests To determine the viscoelastic properties Naga et al. (2013)

Table 4. Polydispersity index.
S. No PDI Type of dispersion

1 0–0.05 Monodisperse standard

2 0.05–0.08 Nearly monodisperse

3 0.08–0.7 Mid range polydispersity

4 >0.7 Very polydisperse
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the final product. The release rate gradually slows down as 
crosslinking increases. Therefore, by considering the release 
pattern as a function of crosslinking with time, the resilience 
of sponges can be studied and enhanced as needed (Tiwari and 
Bhattacharya, 2022).

In vitro cytotoxicity studies on NS
Pushpalatha et al. (2019) studied curcumin NS and 

resveratrol NS and their combination were tested for cytotoxicity 
against Michigan Cancer Foundation-7 (MCF-7) cell lines. (3-
(4,5 dimethyl thiazole-2yl)-2,5- diphenyl tetrazolium bromide) 
(MTT) assay was employed to assess cell viability. Compared to 
the single treatment of curcumin NS and resveratrol CD NS, In 
a concentration-dependent manner, the 3:1 mixture of curcumin 
NS and resveratrol CD NS significantly increased the cytotoxicity 
impact (p < 0.05). There was no cytotoxicity in blank NS. Improved 
chemical stability, better solubility, and tiny nanoscale diameter 
particle size may have aided in the better absorption of active drug 
molecules into the cells, which leads to increased cytotoxicity at 
low concentrations. Curcumin CD NS and resveratrol CD NS work 
together to boost anticancer activity (Pushpalatha et al., 2019).

Kumar et al. (2018) investigated the cytotoxicity of 
Bakuchi oil in CD-based NS against HaCaT cell lines using the 
MTT assay. These results showed that treating these cell lines with 
Bakuchi oil-loaded NS at 320 g/ml caused cytotoxicity with an 
IC50 of 191.4 g/ml and for blank plain Bakuchi oil with an IC50 
of 172.3 g/ml. Although there is no noticeable difference between 
Bakuchi oil and Bakuchi oil NS in terms of cytotoxicity, this 
suggests that NS releases enough drugs to cause cell damage. As a 
result of the MTT experiment, the produced nanoformulation was 
found to be safer on human skin cells than bakuchi essential oil. 

MTT assay was carried out for the determination of the 
cytotoxicity in the MCF-7 cell line of Paclitaxel NS’s complex. 
In all doses tested, the paclitaxel complex with NS inhibited cell 
growth at least 10% better than the free drug equivalent. There 
is strong evidence from cytotoxicity experiments on MCF-7 
cell line cultures that NS may have a role in either blocking the 
P-glycoprotein and boosting the action of paclitaxel or interfering 
with cell permeability in some way. However, improving 
cell permeability appears less feasible, as NS were tested for 
cytotoxicity in MCF-7 cell line culture and shown to have little 
effect on cell toxicity (Ansari et al., 2011).

Allahyari et al. (2020) used the MTT test to investigate 
the in vitro cellular cytotoxicity of bortezomib CD NS and 
bortezomib free against MCF-7 cells. It may also be deduced 
from the MTT findings that a blank nanocarrier is non-toxic 
even at larger doses. As can be observed, Bortezomib exhibited a 
concentration and time-dependent impact. The persistent release 
characteristic of CD NS might explain these findings. 

Torne et al. (2013) reported by MTT assay to assess the 
cytotoxicity of Tamoxifen CD-based NS and free Tamoxifen against 
MCF-7 (epithelial cell line isolated from the breast tissue cells). 96-
well titration plates with the MCF-7 cell line were seeded and incubated 
for adhesion at 37°C in 5% CO2. About 20 l of the drug solution or 
formulation were added, with increasing Tamoxifen concentrations, a 
rapid decrease in cell growth was discovered. Tamoxifen NS complex 
inhibited cell growth better than the free drug.

Dhakar et al. (2019) investigated the percentage 
suppression of cell viability by resveratrol, and oxyresveratrol-loaded  

NS against DU-145 prostate cancer cells using the MTT assay. 
The toxicity of resveratrol and oxyresveratrol NS was greater 
than that of resveratrol and oxyresveratrol alone. At the highest 
concentrations, a significant difference (p < 0.05) in cytotoxicity 
was detected between resveratrol and oxyresveratrol compared 
with NS complex resveratrol and oxyresveratrol. 

The MTT assay against breast cancer cell lines was used 
by Ahmed et al. (2013) to evaluate the anticancer effects of pure 
ribociclib and ribociclib NS against cell lines from human breast 
cancer (MCF-7 and MDA-MB-231). The MTT assay revealed 
that both the pure medication ribociclib and the tailored ribociclib 
NS reduced cell viability in a concentration-dependent manner. 
The ribociclib NS showed a significant reduction in cell viability 
compared to the pure medication ribociclib. Compared to free 
medication, the anticancer impact of ribociclib NS was 2.14-fold 
and 2.79-fold against MDAMB-231 and MCF-7 breast cancer 
lines, respectively. According to anticancer data, the ribociclib 
encapsulated in NS demonstrated potential cytotoxicity in cell line 
at lower doses than the free medication ribociclib. Generally, a 
high dose of drug with numerous regimens is required to achieve 
chemotherapeutic effects, which might result in severe or many 
side effects owing to anticancer drug cell toxicity. The new 
ribociclib NS with prolonged drug release might minimize both 
the dose and frequency of medication administration in the future 
(Ahmed et al., 2022).

Anwer et al. (2022) used the MTT assay to investigate 
the in-vitro cytotoxicity of pure Abemaciclib suspension and 
Abemaciclib NS against MCF-7 and MDA-MB-231 (human 
breast cancer cells). Against MCF-7 and MDA-MB-231 cancer 
cell lines, the MTT bioassay  revealed a concentration-dependent 
decrease in cell viability for the pure medication and the improved 
Abemaciclib NS. When comparing to pure drug Abemaciclib and 
Abemaciclib NS complex, it showed a significant reduction in 
cell viability displayed action against MCF-7 cells are shown by 
MTT assay, Abemaciclib NS showed anticancer potential activity 
against the breast cancer cell lines, likely owing to the enhanced 
drug release and treat breast cancer as a powerful carrier than the 
pure Abemaciclib.

Khazaei Monfared et al. (2022) investigated the 
cytotoxicity of blank CD-based materials. In the two cell lines, 
NS and pyromellitic dianhydride (PMDA) NS were tested. NS did 
not cause cytotoxicity in tumor cells at high concentrations (250 
g/ml) after 24 hours, demonstrating that some nanoparticles are 
harmless to tumor cells at specific doses. But tumor cells were 
cytotoxic to pure drug Nisin Z and also with Nizin Z loaded on 
both nanoparticles in a dose-dependent manner. The cytotoxicity 
of free Nisin against MCF-7 cells was not significant. Still, 
Nisin loaded on both NS significantly reduced cell viability in 
all different concentrations compared to Nisin (p < 0.0001). At 
the same time, there were no differences in cytotoxicity between 
Nisin encapsulated with PMDA NS and CD-NS. Free Nisin, also 
had enhanced effective cytotoxicity impact against colon-rectal 
cancer cells than breast cancer cells, which might be because of 
the changes in Nisin anticancer mechanism effect in these cells.

Toxicological studies
Toxicological testing is essential in determining the safety 

of medicine and its excipients, also optimizing the best dosage form 
for the individual. The crucial finding is that hydrolysis resistance 
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and enzymatic degradation determine the fate of parent CDs in the 
gastrointestinal system. β-CDs show resilience to stomach fluid 
and pancreatic amylases, allowing them to reach the colon for 
complete hydrolysis. Clinical research participants and ileostomists 
participated in the study, and it was discovered that while β-CDs 
are entirely digested in the colonic microbiota, their breakdown 
in the alkaline pH of the intestine is insufficient. The enzymatic 
screening of β-CDs that is in the human colon can be carried out by 
glucose or maltodextrins. The LD50 of β-CD after oral treatment to 
rats was determined to be 18.8 g/kg (Irie and Uekama, 1997). The 
safety regarding NS has already been evaluated in vitro, and testing 
on many cell lines revealed no cytotoxicity or hemolytic activity. 
Additionally, the resistance of NSs to chemical degradation in vitro 
was assessed. When the NSs were subjected to 0.1 N hydrochloric 
acid, the NS structure began to deteriorate immediately, and only 
a small number of CD units were released. In contrast, when the 
NSs were exposed to a virtual environment 0.1N of NaOH, the 
stability was maintained and there were no visible effects on the 
NSs. However, it appears that utilizing PMDA as a crosslinker 
for NS preparation compromises structural integrity in simple 
solutions, even though the structure is preserved for 24 hours. 
The initial dosage for the LD50 test was 300 mg/kg, and the results 
showed that oral delivery had the least amount of toxicity. During 
the trial period, there were no fatality occurrences in the control or 
treatment groups at all accessible dosage levels. 

The NS formulation was administered at a dose of 2,000 
mg/kg per body weight, a low-toxicity dose based on recent research 
findings, and the dose did not suggest any negative impacts that had 
not been seen (Shende et al., 2015). Significant variations in enzymes 
like alkaline phosphatase, aspartate aminotransferase, and alanine 
transaminase are linked to liver damage. A change in cholesterol 
levels might indicate liver damage because cholesterol and protein 
are made in the liver. The principal source of cholesterol synthesis 
and removal, hepatic glycogen, is converted into free glucose by the 
liver to regulate blood glucose levels. Over the past 28 days, the liver 
has not changed, suggesting no severe damage has occurred. Changes 
in biochemical indicators like urea and creatinine are detected as 
kidney disease. The indicators above remained normal after 28 days 
of NS formulation treatment. Consequently, the administration of NS 
formulations did not cause renal or hepatic damage. 

Factors influence NS

Types of polymer
The formulation and the performance of the NS structure 

can be influenced by the nature of the polymer used. The pore 
diameter size of NS must be in the appropriate particular size 
to provide accommodations for a drug molecule and for the 
complexation of the drug with the NS (Ajinkya et al., 2015).

Type of drugs 
The nature of drug molecules must meet specific 

requirements to be complex with NS, including having a molecular 
weight range between 100 and 400, also having of about fewer 
than five condensed rings. The drug’s aqueous solubility nature 
should be less than 10 mg/ml, and should have the melting point 
of less than 250°C (Vyas et al., 2008).

Temperature 
Temperature deviations can also affect the drug or NS 

complexation. As temperature rises, drug/NS contact forces, such 

as van der Waals and hydrophobic forces, may weaken, reducing 
the amount of the apparent stability constant complex (Challa 
et al., 2005).

Method of preparation technique 
Loading the active drug molecule into the NS can 

disrupt the drug-NS complexation. Skill of a procedure depends 
on the drug molecule and nature of the polymer. The most active 
method for drug complexation is freeze drying (Challa et al., 
2005).

Degree of substitution 
The NS’s capability to form complexes may be 

exaggerated by the type, number, and position of substituents on 
the paternal molecule (Challa et al., 2005). 

APPLICATION OF NS
NSs are being studied as potential medication delivery 

systems for treating infectious and cancerous disorders. NS can 
transport thousands of drug molecules despite being one-third 
the size of red blood cells. They can hide within the immune 
system, which uses immune cells to challenge and get rid of 
foreign substances from the body. It is impossible to distinguish 
membrane-coated particles from moving red blood cells. 
Furthermore, white blood cells or leukocyte membrane-shielded 
particles in circulation withstand macrophage attacks (Patra et al., 
2018).

Pharmacokinetic difficulties, low water solubility, 
and inadequate bioavailability are three main challenges with 
freshly created chemical entities. When employing normal 
medicine dose forms, these cause problems. Due to their special 
ability to entrap both hydrophilic and hydrophobic drugs and 
release them in a strictly controlled manner, NS can solve these 
challenges. NS technology in different drug delivery methods 
is actively being investigated. Potential candidates include 
antineoplastic drugs, proteins and peptides, volatile oils, and 
genetic materials. These tiny NS travels throughout the entire 
body until they reach the appropriate point, at which the spot 
they bind to the targeted surface and slowly release the drugs in 
a controlled and sustained manner. The liver, spleen, and lungs 
are potential targeted sites for this type of drug administration 
(Vega-Vasquez et al., 2020).

NS is versatile and biocompatible, with several 
pharmaceutical industry applications. It serves as an excipient 
in the fabrication of topical dosage forms, suspensions, solid 
dispersions, pellets, granules, tablets, and capsules. (Indira, 2012). 
The drugs which are captured in NS are shown in (Table 2). It can 
serve as a multifunctional carrier for better product presentation, 
elegance, extended drug release, and better product thermal, 
physical, and chemical stability. The following use of NS 
exemplifies the versatility of NS.

Sustained delivery system
Crosslinking β-CD  with PMDA, followed by the 

formation of the insulin NS, was a top-down approach to its 
formation. The in-vitro release of insulin was minimal at stomach 
pH below (2%) but maintained at intestinal pH, demonstrating the 
NS’s pH sensitivity (Appleton et al., 2020). tailor-made active 
release. As an illustration, the steady release of glipizide from NS 
(99.71%) after 12 hours (Arvapally et al., 2017; Panda et al., 2015).
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The antiviral drug acyclovir is frequently prescribed for 
herpes simplex virus infections (O’Brien and Campoli-Richards, 
2007). Acyclovir can deliver the right concentrations of the drug to 
the target areas through parenteral or oral administration. Because 
of acyclovir’s slow and incomplete absorption, the bioavailability 
is low when it is absorbed in the gastrointestinal tract. So the 
sustained release is preferred in the form of NS, signifying the 
hosting of acyclovir within the pores of nanostructures. Initially, 
the bursting effect was not detected for the formulation, proving 
that the drug was very strongly adsorbed onto the NS surfaces 
(Lembo et al., 2013).

Solubility enhancement
An antifungal drug like itraconazole that is classified 

into a BCS Class II drug with a dissolving rate constrained to 
poor bioavailability. NS formulation of certain drug increases 
the solubility over 27-fold. Copolyvidonum was incorporated 
into the NS’s formulation as an adjunct, and this increased 55-
fold. (Swaminathan et al., 2010a, 2010b). By effectively hiding 
the hydrophobic groups, enhancing the drug’s wetting properties, 
and also by reducing its crystallinity, the drug’s solubility was 
improved. (Swaminathan et al., 2007). The nature of NS was to 
include either lipophilic drugs (dexamethasone or flurbiprofen) 
or hydrophilic drugs (doxorubicin) and has good solubilization 
capacity. They significantly enhanced the drugs’ solubility and 
dissolution rate (Cavalli et al., 2006).

Drug delivery
The spherical shape of NS can be produced in a variety 

of dosage forms, including topical, parenteral, aerosol, tablets, and 
capsules. NS are nanometric virus particles (Selvamuthukumar 
et al., 2012). A Biopharmaceutics Classification System (BCS) 
Class II antihypertensive medication with a restricted bioavailability 
dissolution rate is telmisartan (TEL). By using carbonate bonds 
to cross-link β-CD, TEL β-CD NSs were created. The NS and 
TEL were integrated. Whereas β-CD NS complexed with TEL 
was compared to blank TEL, NS complexes of TEL in terms of 
its total solubility and in vitro dissolution experiments. By using 
carbonate bonds to cross-link β-CD, TEL β-CD NS were created. 
The NS and TEL were integrated. The β-CD complex of TEL was 
compared to plain TEL and NS complexes of TEL in terms of its 
total solubility and in vitro dissolution experiments. It was reported 
that the solubility of TEL in the drug-complex was enhanced by 
8.53 times better in distilled water. Additionally, it has improved 
4.66-fold better in phosphate buffer pH 6.8 and by 3.35-fold in 1 
mol HCl. The most potent solubility and in vitro drug release are 
shown by TEL-NS with NaHCO3. (Rao et al., 2013).

Paclitaxel is an anticancer drug that has poor water 
solubility. In order to boost the solubility of paclitaxel, the 
traditional formulation in cremophor EL was replaced with 
the technique of β-CD-based NSs since cremophor reduces 
paclitaxel’s ability to penetrate tissue. NS highly enhanced the 
pharmacological effect of the drug paclitaxel, not only it increase 
the cytotoxicity greatly, but also the intracellular concentration of 
paclitaxel is considerably enhanced when associated with plain 
paclitaxel after 72 hours of incubation (Mognetti et al., 2012). 
Natural α-CD, β-CD, and γ-CD are unaffected by non-enzymatic 
hydrolysis more than the linear oligosaccharides. Human salivary 
and pancreatic amylases do not hydrolyze the α-CD and γ-CD. 

Due to this characteristic, CD drug conjugates behave the same 
way in the upper gastrointestinal tract as they do in the colon. 
Large numbers of microbes, particularly bacteria, break CD down 
into little saccharides through fermentation, resulting in fast drug 
release (Swaminathan et al., 2013). The antifungal medication 
econazole nitrate, which comes in various dosage forms such as 
cream, ointment, lotion, and solution form, is applied topically to 
treat the symptoms of skin diseases like superficial candidiasis, 
dermatophytosis, and other skin infections. Econazole nitrate 
when applied to the skin, adsorption is minimal, hence an active 
substance in large concentration must be added for therapy to be 
effective. In order to create local depots for sustained drug release, 
econazole nitrate NS was created using the emulsion solvent 
diffusion technique and loaded onto NS in hydrogel (Sharma et al., 
2011). β-CD-based NS is an efficient nanocarrier for the delivery 
of tamoxifen in the treatment of cancer (Torne et al., 2013).

Protein delivery
The effective development of medicines, especially 

macromolecular ones like proteins, depends on long-term stability 
(Klibanov and Jennifer, 2004). However, during lyophilization, 
proteins can denature irreversibly (or even permanently) and 
take on conformations that are significantly different from their 
previous ones. The integrity of the original protein structure 
throughout the preparation process and enduring storage is thus 
a significant challenge in the creation of protein formulations. 
(Schwartz et al., 2006).

The formation of the swellable CD-based 
poly(amidoamine) NS was achieved by long-term cross-linking 
of β-CD with either 2,2-bis-acrylamidoacetic acid or a short 
polyamido-amine chain produced from 2,2-bisacrylamidoacetic 
acid and 2-methyl piperazine, respectively. The developed β-CD 
poly(amidoamine) NS was shown to be stable at 300°C and to have a 
good protein complexation capacity by Swaminathan et al. (2010b).

Enzyme immobilization
For lipases, the issue of enzyme immobilization is 

particularly important because it increases their stability and 
controls aspects like enantio selectivity and reaction speeds. (Mateo 
et al., 2007). Consequently, a new solid backing was in demand for 
a suitable family of enzymes to constantly grow. The high catalytic 
performance of Pseudomonas fluorescent lipase adsorbed on a 
novel type of CD-based nanosponge (Boscolo et al., 2010).

Gas delivery vehicle
Gases are crucial to the diagnosis and treatment of 

medical conditions. Numerous illnesses, including cancer and 
inflammation, are linked to the lack of an adequate oxygen source. 
This condition is said to be hypoxia. Since oxygen delivery 
methods for topical applications can store and release oxygen 
slowly for a prolonged period of time, delivering oxygen in the 
appropriate form and dose in clinical practice is a challenging 
approach. In order to provide oxygen topically, Cavalli et al. 
(2010) created formulations for NS that have the capacity to store 
and release oxygen gradually over time. 

Light or deterioration protection agent
A ferulic acid ester combination known as gamma-

oryzanol has recently gained a lot of attention due to its potential 
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as a natural antioxidant. It is typically used to stabilize food and 
pharmaceutical raw materials as well as sunscreen in the cosmetics 
industry. Because of its high instability and photodegradation, its 
applicability is restricted. Gamma-oryzanol NS has a superb defence 
against photodegradation. The gamma-oryzanol-loaded NS was 
utilized to create a gel and an O/W emulsion (Sapino et al., 2013).   

SARS-CoV-2 inhibition
The NS permit using biocompatible nanomaterial to treat 

and prevent various severe diseases like SARS COVID-19, and the 
Zika virus (Singh and Chauhan, 2021; Yang et al., 2021). Severe 
acute respiratory syndrome is caused by the spike glycoprotein 
which is an ‘S’ protein (SARS-CoV-2) virus that mediates cellular 
interaction and entrance. It interacts with human angiotensin-
converting enzyme two receptors as well as glycosaminoglycans 
like heparin. ACE2-containing NS were made using polymeric 
cores encased in plasma membranes which are made from human 
lung epithelial type II cells or macrophages (Xu et al., 2022). In 
order to trap and neutralize SARS-CoV-2 through natural cellular 
receptors, cell membrane-coated nanoparticles (cellular NS) 
mimic the host cells. This results in a comprehensive antiviral 
approach (Ai et al., 2021).

Diagnostic tool
Numerous diagnostic items are produced, often using 

β-CD. CD NSs are the best option because of their excellent 
biocompatibility, prolonged blood circulation, homogenous 
uniform size distribution for permeability, and simplicity of access 
to the target (Gidwani and Vyas, 2015).

Cosmetics
In the cosmetics sector, NSs are used in a variety of ways. 

NSs offer a fair level of protection for photosensitive cosmetic 

components. It can slow down and extend the time that volatile 
oils are released, dude. Sweating also produces a foul body odor 
that can be absorbed. It may gently remove volatile compounds, 
giving oral cosmetics a long-lasting fresh sensation. It may also be 
used to provide a lasting effect in products like rouge and lipsticks 
(Trotta, 2011)

PATENTS
New patents in NSs were recently submitted, authorized, 

and used to improve the making process more efficiently. The 
patents cover toxin absorption agents, growth preservation, enzyme 
release, and biocatalyst investigations, demonstrating promise as 
anticancer agents. As stated below in (Table 5), the authorities 
have also granted patents that will assist in shifting demand to NSs 
as a breakthrough pharmaceutical delivery technology (Tiwari and 
Bhattacharya, 2022).

MARKETED FORMULATIONS OF NS
There are several NS-based formulations on the market and 

some drugs like prostavastin, brexin, glymesason, mena-gargle, and 
other formulations are in clinical studies (Pawar and Shende, 2020b). 
Some of the marketed formulations of NS are listed in Table 6.

TRENDS FOR THE FUTURE
The development of nanoscale NS has sparked a 

revolution in medical research. Using technology to reach the 
nanoscale has started a trend in medical research. Because of the 
enhanced therapeutic results when a targeted and drug release-
controlled mechanism was implemented, the drug toxicity is 
decreased. The importance of NS in medicine and nanotechnology 
development cannot be overstated. It might be used as a basic 
water filter in the future. Lowering production costs is a crucial 

Table 5. Recent patents.
S. No. Patent/App. No. Applicant Title

1 W02006002814A1 Francesco Trotta, Wander Tumiatti, Orfeo Zerbinati, 
Carlo Roggero, Roberto Vallero

Ultrasound-assisted synthesis of CD-based NS

2. W02009149883A1 Gianfranco Gilardi, Francesco Trotta, Roberto Cavalli, Paolo 
Ferruti, Elisabetta Ranucci, Giovanna Di Nardo, Carlo Mario 
Roggero, Vander Tumiatti

CD NS as a carrier for biocatalysts, and in the delivery and 
release of enzymes, proteins, vaccines and antibodies.

3. ITMI20071321A1 Giovanni Nicolao Berta, Roberta Cavalli, Barbara Mognetti, 
Carlo Maria Roggero, Francesco Trotta, Vander Tumiatti

NS based on CD as a vehicle for anticancer drugs

4. W02012147069A1 Universita DegliStudi Di Torino, Sea Marconi, Technologies Di Method of preparing dextrin NS

5. CA2692493A1 Sea Marconi, Technologies Di Vander Tumiatti, S.A.S, 
Francessco Trotta, Vander Tumiatti, Roberta Cavalli, Carlo 
Mario Roggero, Barbar Mognetti, Giovanni, Nicolao Berta

CD-based NS as a vehicle for antitumoral drugs

6. ITTO20110873A1 Vecchi Marco DeCarlo Stefano DiShubhen KapilaCarlo Maria 
RoggeroValentina ScariotMichela Tumiatti

Use of nanosponge functionalized for growth, preservation, 
protection and disinfection of plant organisms

7. US9574136B2 Kun Lian Nanoparticles, NS, methods of synthesis, and methods of use.

8. US20170152439A1 Kun Lian Nanoparticles, NS, methods of synthesis, and methods of use.

9. US8828485B2 Kun Lian, Qinglin Wu Carbon-encased metal nanoparticles and sponges as wood/
plant preservatives or strengthening fillers

10. WO2007095454A2 Kun Lian, Qinglin Wu Carbon-encased metal nanoparticles and sponges, methods of 
synthesis, and methods of use

11. WO2009138998A3 Eswaramoorthy Muthusamy, Saikrishana Katla A template free and polymer free metal nanosponge and a 
process thereof

12. WO2012147069A1 Francesco Trotta, Pravin Shende, Miriam Biasizzo Method for preparing dextrin NS
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concern, which calls for creating innovative polymers, cross-
linkers, and new manufacturing techniques. 

They play a crucial role in downstream production due to 
their unique characteristics, necessitating substantial investigation. 
Drug release is influenced by their features such as particle diameter, 
synthesis, crystallinity, porosity, and crosslinking intensity of the 
particles. Up to this point, ultrasound-assisted method of synthesis 
and the traditional methodology have been the preparation 
methods that have been most frequently described. However, 
novel techniques like solvent evaporation and bubble electro-
spinning are additionally being updated and developed. The new 
trends supporting mass production quickly include higher yields, 
cost-effective manufacturing, and repeatability. The recent trends 
that will help mass production quickly include higher yields, cost-
effective manufacturing, and repeatability (Ahmed et al., 2013). 

CONCLUSION 
NS are an effective carrier for the delivery system, 

such as target drug delivery, sustained delivery, and improved 
effectiveness of several pharmacological medicines as a treatment. 
NS are flexible drug carrier structures by making complexes of 
inclusion and non-inclusion as they carry hydrophilic (gentamicin) 
and hydrophobic (dexamethasone) drugs. NS can transport drugs 
via a number of routes, like oral, topical, rectal, and parenteral, in 
an expectable manner to the marked site. β-CD NS has excellent 
applications in different specific drug delivery systems. Moreover, 
it increases the solubility of biopharmaceutical class II drugs. This 
review discusses NS, including their synthesis methods, numerous 
varieties, characterization methods, formulation creation, and 
applications such as in vitro cytotoxicity studies, patents filed in 
this field, and some commercial formulations. Together with these 
recent approvals, the area of NS drug delivery continues to make 
breakthroughs that improve human health. A continuous effort to 
discover new drugs through the NS has been made to overcome that 
improved delivery and increase the potential therapeutic effects 
of drugs. The pharmaceutical companies will offer outstanding 
support as the safety and efficacy of drugs administered by NS 
can be demonstrated. Several assessment processes are used to 
evaluate the product’s structural and chemical integrity. They will 
benefit several disciplines in the future, and their breadth of use 
will extend as this field’s study progresses. As a result, scientists 
are concentrating their efforts on a novel component of medication 
development.
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