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A B S T R A C T 
 

The "Pharmaceutical Nanotechnology" subfield of pharmaceutical sciences, which is now in its infancy, offers new tools, prospects, 
and horizons with potential applications in the field of therapy and diagnostics of disease. Pharmaceutical nanotechnology consists 
of items that are nanosized and may be altered in many ways to enhance their properties. According to the administration method, 

the nanoporous particles are NSs that may entangle a wide variety of materials before being absorbed into a suitable formulation. 
They delay the drug's release in a regulated manner, stop the drug's protein from degrading, and disperse the drug where it is 
needed. They can move about the body, connect to the skin, and release the medicine at the intended target spot in a regulated 
and predictable way. They have excellent aqueous solubility, making them a carrier for medications with poor water solubility. 

When compared to other nanocarriers, they have greater drug loading capabilities. They are therefore appropriate for addressing 
issues with active ingredient stability, solubility, and delayed release. The main benefit of nanosponges of weakly water soluble 
medicines. They can function as biocatalysts in the administration of enzymes, proteins, vaccines, and antibodies and can 
administer medications via a variety of routes, including oral, topical, parental, etc. 
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INTRODUCTION  

n the past, nanotechnology has created a variety of formulations, 

including nanoparticles, nanocapsules, nanospheres, nanosuspensions, 

nanocrystals, and nano-erythosomes, among others. The manufacture 

and nanoscale manipulation of materials to create products with distinctive 

properties is the definition of nanotechnology. Recently, there has been a 

lot of interest in nanomaterials. In 1959, Richard P. Feynman, a researcher 

at Cal Tech, predicted the existence of nanomaterials. He expressed the 

notion that scaling down to the nanoscale and starting at the very bottom 

was the key to future gains in nanotechnology, saying "There is plenty of 

room at the bottom. Materials with at least one dimension between 1 and 

100 nm are known as nanomaterials. NSs are many, interconnected spongy 

spheres. These NSs may bind insoluble medications inside the matrix and 

boost their bioavailability, and they have a significant potential to entrap a 

range of active compounds (2,3).By combining cyclodextrin with best-fit 

crosslinkers, an NSs may be produced (4). They can contain a wide range of 

molecules by producing inclusion and non-inclusion complexes (5, 6)They 

can transport both hydrophilic and lipophilic medicinal substances because 

of their outside hydrophilic branching and inside lipophilic chambers.. By 

initiating a reaction of cyclodextrin with a suitable crosslinker and resulting 

in hyper crosslinked cyclodextrin, a special nano-sized substance called as 

NSs may be formed (7,8). They have the power to solidify liquid substances 

and mask off-putting tastes .The crosslinkers in the NSs enable them to 

unite where they are needed. They have strong personalities and may be 

used on many different routes.(8). 
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Formation of Nanosponges 

Polymeric nanoparticles, solid-lipid nanoparticles, nanoemulsions, NSs, 

carbon nanotubes, micellar systems, and dendrimers are a few types of 

nanoparticles that have been identified(9). The sponge builds a three-

dimensional network or scaffold. The backbone is made of long lengths of 

polyester. It is dissolved in a cross-linker-containing solution to produce the 

polymer. Spherically shaped particles with cavities that might contain 

therapeutic compounds are the end product. The polyester dissolves over 

time in the body since it is biodegradable. It disintegrates with a predictable 

pharmacological payload. It is feasible to make nanosponges of a certain 

size and shape that release drugs gradually by altering the cross-linker to 

polymer ratios. The main issue with nanosponges is that they can only hold 

very small molecules 2.  

 

 

Characteristics features:
10, 11

 

1. Nanosponges offer a range of sizes (1 m or less) with a 

polarity-adjustable chamber. 

2. The crosslinker to polymer ratio may be changed to produce 

nanosponges of a certain size. 

3. They might take on crystalline or paracrystalline forms 

depending on the processing conditions. The complexation of 

drugs with nanosponges depends on their crystal structure. 

4. 4.The degree of crystallisation affects the drug loading 

capacity. 

5. A variety of drug loading capacities may be shown using 

paracrystalline nanosponges. 

6. They contain non-toxic, porous particles that are stable up to 

300 °C and insoluble in the majority of organic solvents. 

7. They can resist pH values ranging from 1 to 11. 

8. They produce a transparent, opalescent suspension in water. 

9. Simple thermal desorption, solvent extraction, microwave, and 

ultrasonic technologies can be used to produce them. 

10. Chemical linkers help nanosponges adhere to the target area 

more successfully. 

11. By combining with different medications, nanosponges can 

produce complexes that include inclusions and do not. 

12. By including magnetic particles into the reaction mixture, 

magnetic properties may also be imparted to nanosponges. 

13. Nanosponges are porous particles that are highly soluble in 

water and are most frequently employed to encapsulate drugs 

that are not easily soluble in water. 

14. These Nanosponges can carry drugs that are both lipophilic and 

hydrophilic. 

15. 15.They guard the drug against physicochemical deterioration. 

16. They can remove organic impurities from water. 

Advantage:
11,12

 

1. Drug delivery to a specified target spot. 

2. These compositions maintain their stability between pH 1 and 

11. 

3. These compositions are temperature-stable. 

4. Because bacteria cannot pass through their 0.25 mm average 

pore size, they are self-sterilizing. 

5. This method offers higher stability, increased elegance, 

decreased side effects, and increased formulation flexibility 

through the trapping of components. 

6. Extended release action can last up to 12 hours. 

7. Less negative side effects as a result of medication interaction 

with healthy tissue being reduced . 

8. Hydrophobic drug can be contained within nanosponge 

particles after being coupled with an adjuvant reagent since 

they are soluble in water. 

9. An anticipated release. 

10. Biodegradable. 

    Disadvantages: 

 
1. Only tiny molecules may be included by nanosponges. 

2. The crystalline or paracrystalline character of nanosponges is 

possible. 

3. The primary factor affecting the loading capacity of 

nanosponges is the degree of crystallisation. 

4. Different loading capacities may be demonstrated by 

paracrystalline nanosponges. 

 

     Marketed preparation of nanosponges:
13

 

 
Drug Administration 

route 

Marketed formulation 

Dexamethasone  I.V. Dexamethasone sodium 
phosphate 

Alprostadil  I.V. Alprostadil injection IP 

Piroxicam  Oral  Piroxicam – 20 

Tamoxifen Oral  Tamodex 20 
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Types of nanosponges and their applications:
14-17

 

 

METHOD OF PREPARATION: 

1. Melt method: 
22

 

 

 

2. Solvent method:
23,24

 

 

 

 

 

 

Product is recovered by filteration under vacuum and purified by 

prolong Soxhlet extraction with ethanol 

Product is dried under vacuum and ground in a mechanical mill to get 

homogenous powder 
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     3)   Ultrasound assistated synthesis:
24,25

 

                  
  

 

 

 

 

   4)   Emulsion solvent diffusion method:
26,27,28

 

 

  

 

        Drug and polymer                                                            polyvinyl alcohol is  used 

Dissolved in organic solvent 

 

 

5) Loading drug into nanosponges:
17,23,24

 

 

Then the drug is purified by prolong Soxhlet extraction with 

ethanol 

The final product is dried under vacuum and stored at 25 

Dispersed phase Aqueous phase 
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Characterization and evaluation of nanosponges: 

1. Solubility studies:
29

 
 

The phase solubility technique developed by Higuchi and Connors, 
which investigates the impact of a nanosponge on drug solubility, is the 

most used method for studying inclusion complexation. Diagrams of 

phase solubility show the level of complexation. 
 

2.  Loading efficiency and production yield:
30

 
 
The following equation can be used to determine the nanosponges' 

loading efficiency (%). 

 
                                  Actual drug content in NS 

Loading efficiency  =                                      × 100 

                   Theoretical drug content 

 
After accurately establishing the beginning weight of the raw materials 

and the end weight of the produced nanosponge, the production yield of 

the nanosponges may be estimated using the equation below.  

 

                                Practical mass of NS 

Production yield:                                            × 100 
                              Theoretical mass (polymer + drug ) 

 

3. Porosity : 
 

The sequence of nanochannels and nanocavities are confirmed by this 

investigation. Since helium gas has the ability to penetrate both the inter- 
and intra-specific channels of substances, helium pycnometers are used to 

check the porosity of NSs. Equation [31,32] specifies the percent porosity. 

 
                      Bulk volume – True volume  

% Porosity =                                                 × 100 

                               Bulk volume  
 

4. Microscopy studies: 
 
Studies of the microscopic features of the drug, nanosponges, and the 

finished product (drug/nanosponge complex) can be conducted using 

scanning electron microscopy (SEM) and transmission electron 
microscopy (TEM). Under an electron microscope, the contrast between 

the raw materials' and the finished product's crystallisation states reveals 

the presence of inclusion complexes [33]. 

 

5. Particle size and polydispersity index: 
 

The Malvern Zeta sizer, laser light diffractometry, or 90 Plus particle 
sizer equipped with MAS OPTION particle sizing software can all be 

used to estimate the particle size. This allows for the calculation of the 

polydispersity index and mean diameter [34]. 

6. Zeta potential : 
(35,36,37)

 
 

Zeta sizer is used to calculate the surface charge or zeta potential of 

prepared NSs [35,36]. The NSs emulsion is added to the electrophoretic 

cell after being diluted with water [37]. 

 

7. Drug release kinetics :
(37)

 
 

The kinetic behaviour of the NSs' in vitro drug release mechanisms is 

also examined in order to determine how it affects the release of NSs 
[58]. In order to examine the mechanism of drug release from NSs, 

models such as the zero-order, first-order, Higuchi, and Korsmeyer-
Peppas are utilised. 

 

8. Swelling and water uptake : 
 
The swelling uptake of swellable polymers like polyamidomine NSs, 

water, and swelling uptake may be determined using the following 

formula [38]. 
 

 Percentage of swelling =   Making of the cylinder at specified time point    × 100 
                                                                            

                                                  Initial marking before swelling  

 

 
                                                       Mass of hydrogel after 72 hrs  

Percentage of water uptake =                                                                  ×  100 

                                                         Initial mass of polymer  
 

9.  In Vitro release studies:
39

 
 
Using a multi-compartment rotating cell with a dialysis membrane (cut-

off 12,000 Da), it is possible to analyse the drug release from the 

improved nanosponge formulation. The drug-loaded nanosponge 
complex in distilled water makes up the donor phase. The same medium 

is present in the receptor phase as well. After predetermined time 

intervals, the receptor phase is entirely removed, appropriately diluted 
with distilled water, and then examined using a UV spectrophotometer. 
 

Mechanism of drug release : 

The active is unrestricted in its ability to flow into and out of the open-
structured sponge particles and into the vehicle until equilibrium is 

reached. In the case of topical distribution, the active that is already in the 

vehicle will be absorbed into the skin when the completed product is 
applied, depleting the vehicle, causing it to become unsaturated, and 

upsetting the balance. Once the vehicle is either dried or absorbed, the 

active will move from the sponge particle into the vehicle and from there 
to the skin (Figure 1). Even after that, the sponge particles that were left 

on the stratum corneum's surface would keep gradually releasing the 

active ingredient into the skin, offering a longer release period time (40)
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Drug release mechanism in topical delivery 

 
List of drug molecules encapsulated with nanosponges: 

 
Category  Nanosponge vehicle  Drug 

Anticancer β–Cyclodextrine Paclitaxel Camptothecin(41) 

Breast cancer β–Cyclodextrine Tamoxifen(41) 

Inflammation β–Cyclodextrine Resveratrol(41) 

Brain tumour Poly (valerolactoneallylvalerolactone) and poly 

(valerolactoneallylvalerolactone –oxepanedione) 

Temozolamide(42) 

Antifungal Ethyl cellulose Polyvinyl alcohol β-Cyclodextrine Econazole nitrate 

Itraconazole(42) 

Cancer therapy Sodium alginate Antisense(43) 

Brain tumour β–Cyclodextrine Dexamethasone(43) 

Oligonucliotides Poly L-lysine Viral infection 

 Pathologic disorder(43) 

 

Applications: 

1. Anti-cancer Therapy 

 
Researchers at Vanderbilt University have created nanosponges that may be 

utilised as a delivery mechanism for anticancer medications to tumours, 

thereby slowing tumour development. They assert that compared to direct 
medication injection, the approach is three to five times more successful in 

slowing cancer development. The small nanosponges have a drug load 

inside of them and reveal a targeting peptide that binds to the tumor's 

radiation-induced cell surface receptors. The sponges are prompted to 

discharge their contents when they come into contact with cancer cells. 

Less adverse effects and more effective therapy at the same dose are two 
advantages of targeted medicine delivery. Researchers at Vanderbilt 

University have created nanosponges that may be utilised as a delivery 

mechanism for anticancer medications to tumours, thereby slowing tumour 
development. They assert that compared to direct medication injection, the 

approach is three to five times more successful in slowing cancer 

development. The small nanosponges have a drug load inside of them and 
reveal a targeting peptide that binds to the tumor's radiation-induced cell 

surface receptors. The sponges are prompted to discharge their contents 

when they come into contact with cancer cells. Less adverse effects and 
more effective therapy at the same dose are two advantages of targeted 

medicine delivery. 

 
 

2. Topical Agents : 
 

For the regulated and prolonged release of skin-retaining medications, NS 

in drug delivery technique is an important technology. Traditional 
dermatological and personal-care solutions often offer active ingredients in 

quite high concentrations, but they also have a relatively quick time to  

 

 

 
action. Instances of these include short-term overmedication followed by 

long-term undermedication. The skin-penetrating active components may 

result in rashes and other adverse effects. Contrary to conventional 
technology, the NS-based drug delivery system permits a consistent and 

constant rate of medication release, minimising discomfort while 

maintaining efficiency.An articulated product can have a wide variety of 
ingredients, including cream, liquid, gel, ointment, powder, and lotion 

(45)A topical antifungal medication called econazole nitrate is used to treat 

superficial candidiasis, skin and vesicular infections, and dermatophytosis. 

It comes in ointment, solution, cream, and lotion forms. Since econazole's 

adsorption is minimal, a large concentration of the active ingredients must 

be incorporated into the skin for successful therapy.The econazole nitrate 
NSs incorporate hydrogel as a local depot for continuous drug release and 

were made utilising the emulsion solvent diffusion method.(26, 40). For use 

in tropical climates, the produced hydrogel NSs were combined with the 
lipophilic and poor water solubility celecoxib. The produced formulations 

of NS-4 were shown to be non-irritating on mouse skin during 

pharmacokinetic investigations. Therefore, the formulation may be used for 
topical drug release for the application of celecoxib [46] and can satisfy the 

standards for human exposure. 

 

3. Nanosponges for Solubility Enhancement 

 
The efficacy of drug formulations is significantly impacted by the solubility 

in water, which is a critical component required for the formulation of 
pharmaceuticals. By using NS as a carrier system, which helps to entrap the 

drug into a specific pore and increases the bioavailability and solubility of 

drug formulations in regulated release profiles, this may be corrected. In 
comparison to conventional cefpodoxime proxetil, the medication 

cefpodoxime proxetil NS demonstrated enhanced dissolving rate. 

Additionally, cholesterol was linked through disulfide linkages to the arm-
termini, and these cholesterol-terminated arms may combine with beta-

cyclodextrin (beta-CD) to produce a star architectural NS [47,48]. The 

addition of the substance -cyclodextrin NS has drawn more attention since 
it improves the bioavailability and solubility of medications. By speeding 

up drug dissolution and enhancing drug solubility, NSs based on 

cyclodextrin can enhance the permeability of hydrophobic medicines. In 
order to deliver NS into the membrane without disturbing the lipid layers of 

the biological barrier, this makes the NS accessible on the surface of the 

barrier. Additionally, because it aids in improving the bioavailability and 
solubility of medications like naproxen and ketoprofen, -cyclodextrin NSs 

have drawn more attention [49]. Resveratrol's solubility was also improved 

by being entrapped in cyclodextrin-based NS [50] Solvent evaporation was 
used to load the medication into the produced NS, and the findings 

demonstrated a threefold improvement in dissolution using ternary 
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complexes. In the rat trial, utilising this NS-loaded rilpivirine, the oral 

bioavailability improved twofold [51]. Ferulic acid (FA), a weakly soluble 
anticancer drug with antioxidant capabilities, was made more soluble 

utilising cyclodextrin-based NS. Using diphenyl carbonate as a cross-linker, 

the beta-cyclodextrin NSs were employed to encapsulate FA at a ratio of 

1:4 (FA:NS). The solubility of FA was increased by NS encapsulation up to 

15-fold [52]. A non-steroidal anti-inflammatory medicine (NSAID) called 

meloxicam can lower the hormone levels that cause pain. Due to its low 
solubility, which affected the action, cyclodextrin-based NSs were created 

in a research to encapsulate meloxicam. The NS encapsulated medication 

increased the analgesic and anti-infammatory properties, which were both 
investigated using the carrageenan-induced rat paw edoema model and 

acetic acid-induced writhing, respectively [53].  

 

5. Other Applications  

 
Pawar et al. and Pandey et al. [54,55] provide descriptions of the additional 

uses of NSs. The mesh-like architectures of NSs constructed of solid 
nanoparticles that contain holes allow them to encapsulate a variety of 

compounds, including proteins and peptides, genetic materials, 

antineoplastic drugs, and volatile oils, have been described in detail by 
Pawar et al. These NSs may now be employed for a variety of applications, 

including protein delivery, explosive detection, water filtration, chemical 

sensors, and agriculture. Pawar et al. [55] reviewed the NS patents from 
2006 to 2018 and the several cyclodextrin-based NS uses in cancer 

treatment, vaccine delivery, water purification, and fre engineering. 

According to Pandey et al., NSs have the ability to transport both 
hydrophilic and lipophilic medicines. Different qualities, benefits, patents, 

preparation techniques, and characterisation techniques were also covered 

[54]. Gamma-oryzanol, a ferulic acid ester combination and natural 
antioxidant, is typically used to stabilise food, medicinal raw materials, and 

even sunscreens in the cosmetics sector. NSs operate as a preventative 

agent against deterioration. .  When a virus that infects the respiratory tract, 
such as the rhinovirus and influenza virus, is encountered, the nanocarriers 

can carry the antiviral medication to the lungs or nasal route. Zidovudine 

and saquinavir are two medications made with the help of NSs that were 
utilised as an antiviral agent to target the drug in the nasal and pulmonary 

tracts [56]. With sizes ranging from 40 to 100 nm, five distinct kinds of 

nanoparticles (NSs) containing five different quantities of -cyclodextrin and 
diphenyl carbonate were used to encapsulate the chemical quercetin. When 

compared to quercetin alone, the NS-loaded quercetin was shown to have 

enhanced solubility and antioxidant activity. 

 

CONCLUSION: 

 
Finally, it was determined that NSs are tiny mesh-like structures that may 
be used to treat a variety of disorders and that nanotechnology is 4-5 times 

more effective than the traditional technique in delivering pharmaceuticals. 

They can be used in several forms, including parenteral, aerosol, topical, 
tablets, and capsules, due to their small size. NSs easily penetrate the skin 

since they are colloidal bearers with nanoscale dimensions. They advise 

ingesting both lipophilic and hydrophilic medications, and discharging 
them at the target place in a regulated and predictable way. This 

nanotechnology improves the solubility of pharmaceuticals that are 

currently weakly soluble, in particular BCS Class II medications. 
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