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Abstract 

A multidisciplinary field of study called nanotechnology is receiving a lot of attention for its use in the creation 

of novel chemical entities as well as the identification and management of various illnesses. Improvements in 

bioavailability are among the several benefits that come with the drug delivery systems that nanomedicine 

technology has created, such as nanoparticles, nanoemulsions, nanosuspensions, and nanosponges. 

Nanosponges are essentially microscopic sponges that resemble viruses and can hold a range of medications 

within them. Upon interacting with a certain target spot, this sponge can move throughout the body, adhere 

to the surface, and begin releasing the medication under regulated circumstances. Targeting system of drug 

delivery in a regulated way is made possible by nanosponge technology. Nanosponges are used to integrate 

both hydrophilic and lipophilic medicines. Usually having a porous outer layer, the medicine can be released 

under regulated conditions. One of these sponges’ key qualities is that they dissolve well in water, making 

them ideal for medications with low solubility. 
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Ⅰ. INTRODUCTION 

 

Nanosponges are microscopic mesh- like structures that can contain a wide range of different substances. 

Nanosponges are three-dimensional nano porous flexible carriers because of their capability to encapsulate 

hydrophobic and hydrophilic drugs both in their crystalline structure by inclusion and non-inclusion 

phenomenon.  In addition to providing longer release and increasing therapeutic bioavailability, nanosponges 

can solubilize poorly water-soluble medicines. Because of their internal hydrophobic chambers and exterior 

hydrophilic branching, nanosponges have unparalleled flexibility and can load both hydrophilic and 

hydrophobic medicinal molecules. Nanosponges are more like a three- dimensional scaffold or network, 

whose long- length polyester serves as its core. It is combined in a solution with tiny molecules known as 

cross- linkers that connect various polymer components by acting as tiny grappling hooks. The end result is 

the formation of spherically shaped particles with cavities where drug molecules can be hold. Because the 

polyester is biodegradable, it degrades over time in the body. By adjusting the ratio of cross- linkers to 

polymer, it is also feasible to change the size of the nanosponge particles, allowing for either larger or smaller 

nanosponge particles. [1,2,28]  

The drug molecules are encapsulated within the core of the encapsulating form of nanoparticles known as 

nanosponges. The three types of nanoparticles- encapsulating, complexing, and conjugating- can be 

distinguishes based on how they interact with pharmaceuticals.  

Nanosponges and nanocapsules serve as examples for the first category. Specifically, drug molecules are 

carried by nanosponges like alginate nanosponge, which are sponge- like nanoparticles with many pores. 

Nanoparticles are also enclosed in nanocapsules made of poly (isobutyl cyanoacrylate, or IBCA). D rug 

molecules may become trapped in their aqueous core. Complexing nanoparticles fall in to the second kind; 

they draw molecules to them with the help of electrostatic charges. Conjugating nanoparticles, which are the 

third kind, have covalent connections with medicines. [3] 

The nanosponges are solid by nature and can be made into dosage forms for oral, parenteral topical, or 

inhalation use. For oral delivery, these can be mixed with excipients, diluents, lubricants, and anti- caking 

agents to form a matrix that is suitable for making tablets or capsules. Simple mixing with sterile water, saline, 
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or other aqueous solutions is all that is required for parenteral delivery. They can be successfully integrated 

into topical hydrogel for topical delivery. [4]  

These nanosponges are a novel class of nanoparticles, which are typically made from natural compounds. In 

contrast to other nanoparticles, they are porous, non- toxic, and stable at high temperatures upto 300℃. They 

are also insoluble in both water and organic solvents. [5] 

 

Ⅱ. CHARACTERISTIC FEATURES OF NANOSPONGES  

 

1. Nanosponges have a variety of diameters (1 µm or less) with variable cavity polarity. 

2. By varying the crosslinker to polymer ratio, nanosponges of various sizes can be created. 

3. Depending on the manufacturing conditions, they might be paracrystalline or crystalline. The crystal 

structure of nanosponges is critical during drug complexation. 

4. They are non- toxic, porous particles that are insoluble in most organic solvents and can withstand 

temperatures of upto 300℃. 

5. They are stable at pH levels ranging from 1 to 11. 

6. In water, they produce a transparent and opalescent suspension. 

7. They protect the medication against physicochemical deterioration.  

8. They can remove organic contaminants from water. 

9. These nanosponges can transport medicines that are both lipophilic and hydrophilic. 

10. Their three- dimensional structure allows for the collection, transportation, and selective release of a wide 

range of chemicals. 

11. Because of their potential to be associated with distinct functional groups, they can be targeted to diverse 

places. [6,7] 

 

Ⅲ. ADVANTAGES 

  

1. Improved elegance, Formulation flexibility, and stability are all provided. 

2. This method offers active contents entrapment and minimal side effects. 

3. Drug is shielded from deterioration. 

4. It offers an extended-release condition that allows for continuous action for 12 hours. 

5. It doesn’t cause mutation. 

6. It is non- toxic and non- irritating. 

7. Due to the 0.25 micrometre hole size, which prevents bacteria from penetrating, they have a self- 

sterilizing tendency. 

8. They can withstand temperature of up to 300℃ and a pH range of 1to 11. 

9. Patient compliance is increased as a result of the decrease in drug delivery frequency. 

10. The nanosponges are capable of encapsulating medicinal molecules that are both lipophilic and 

hydrophilic. 

11. Because scaling up is simple, they are simple to commercialise. 

12. Precise medication delivery at a specific site. 

13. NSs are able to be used to solidify liquids and cover over undesirable odours. 

14. Biodegradable in nature. 

15. An anticipated release. [8,9,10] 

 

Ⅳ. DISADVATAGES [ 11, 12] 

 

1. Only tiny molecules are used in nano sponges. 

2. Only rely on loading capacities. 

3. Dose dumping could occur. 

4. It may postpone discharge. [11,12] 
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Ⅴ. TYPES OF NANOSPONGES [ 13] 

Nanosponges 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ⅵ. CHEMICALS USED FOR THE 

SYNTHESIS OF NANOSPONGES  

 

1. Polymer: The performance of nanosponges as well as their production can be influenced by the type of 

polymer utilized. For complexation, the nanosponges cavity size should be adequate to hold a single 

molecule of the desired size. The susbstitution of functional and active groups affects the polymers 

capacity for cross- linking. The medicine to be encapsulated and the required release determine the 

polymer to be used. 

For example, Cyclodextrin and its derivatives (like Alkyloxycarbonyl cyclodextrin, 2- Hydroxy 

propyl β- cyclodextrin), Hyper cross- linked polystyrenes. 

 

2. Co- polymer: Like Ethyl cellulose, Polyvinyl alcohol, Poly (Valero lactone- allyl Valero Lactone) etc. 

 

3. Cross- Linkers: The choice of cross linkers is influenced by the polymers structure and the medicine that 

will be synthesize. 

For example, Epichloridine, Diarylcarbonates, Dichloromethane, Glutaraldehyde, Acetic acid, 

Diphenyl carbonate etc. 

 

4. Drug: The drug molecules that will be used to create nanosponges must meet certain requirements. 

a. The drug’s melting point must be lower than 250℃. 

b. The drug’s molecular weight ranges from 100-400 gm/mol. 

c. Solubility of drug in water should be less than 10 mg/ml. 

d. More than five condensed rings should not be present in the drug molecule’s structure. [6,14] 

 

Ⅶ. FACTORS INFLUENCING TO THE FORMULATION OF NANOSPONGES  

 

1. Nature of polymer: The pre- formulation of nanosponges and their creation can both be impacted by the 

polymer that was employed in their manufacture. A nanosponges cavity should be large enough to contain 

a drug molecule of a specific size for complexation. 

 

2. Nature of drugs: The drug molecules should possess the following unique qualities in order to be complex 

with nanosponges: 

a. The medicine should dissolve in water at a rate of 10 mg/ml. 
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b. The drugs melting point should be around 250℃. 

c. The drugs molecular weight should fall between 100- 400 Daltons. 

d. A drug molecule shouldn’t have more than five condensed rings in its structure. 

 

3. Method of preparation: Drug/ Nanosponge complexation may be impacted by the way the drug is loaded 

into the nanosponge. The efficiency of a process, however, is dependent on the type of medication and 

polymer used. In many circumstances, freeze drying has been proven to be the most effective for drug 

complexation. 

 

4. Temperature: Drug/Nanosponge complexation may be impacted by temperature fluctuations. In general, 

a rise in temperature reduces the strength of the drug/ nanosponge contact forces, such as van der waal 

forces and hydrophobic forces, which may be the cause of the apparent stability constant of the drug/ 

nanosponge complex decreasing with temperature. 

 

5. Degree of Substitution: The complexity of the nanosponges can be more significantly influenced by the 

quantity, position, and type of the parent molecules substituents. [5,15] 

 

Ⅷ. PREPARATION OF NANOSPONGES [16] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Conventional/ Traditional Method  

 

1. Melt Method: In this method, polymer is cross- linked by using cross- linking agent to prepare 

nanosponges. [17] 

  Procedure- 

The crosslinker is melted along with cyclodextrins i.e., polymer 

 

 

The heat the mixture on water bath for 5-7 hour at 90℃ 

 

 

After reaction mixture, the resulting material are collected and kept aside to cool and put 

the collected material into the desiccator for drying 

 

 

METHOD 

      Conventional/ 

Traditional Method 
Non- Conventional/ Non- 

Traditional Method 

1. Melt Method 

2. Solvent Method 

3. Emulsion Method 

1. Microwave- assisted 

synthesis 

2. Ultrasound- assisted 

synthesis 
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Then by gentle grinding, formed solid particles are broken down 

 

 

Then done the extraction with Soxhlet by using ethanol for 30 min for removing the 

unreacted cross-linkers and other impurities 

 

 

Then the resulting nanosponges was kept at 25℃ until further use. 

 

2. Solvent Method: [18] 

 

       Procedure-  

The polymer is combined with a suitable solvent, such as 

dimethylformamide, dimethyl sulfoxide, etc. 

 

 

Preferably, this combination is added to excess crosslinker at a 

4-16 crosslinker/ polymer ratio. 

 

 

Carbonyl compounds like diphenyl carbonate, and dimethyl carbonate, 

and carboonyldiimidazole are the most common crosslinkers. 

 

 

The reaction is conducted for 1–48 hrs at temperatures ranging from 10℃ 

to the solvents reflux temperature. 

 

 

After the reaction is finished, the solution is allowed to cool at room temperature 

before additional distilled water is added. 

 

 

Product recovery occurs through vacuum filtering, and product purification 

occurs through extended ethanol Soxhlet extraction. 

 

 

Product is vacuum- dried and mechanically milled to create a uniform powder. 

 

 

3. Emulsion Method: [19] 

 

Procedure: 

This approach creates nanosponge by mixing ethyl cellulose and polyvinyl alcohol in various ratios or 

amounts. This approach employs both dispersed and continuous phases. The drug and ethyl cellulose that 

make up the dispersed phase are then dissolved in 20 ml of dichloromethane, and 150 ml of the continuous 

phase (aqueous) is then added with some polyvinyl alcohol (PVA). The mixture is then agitated for around 

2 hours at a speed of 1000 rpm. Filtration is used to gather the finished product, or nanosponges. The 

product is next dried in an oven at a temperature of 400℃ to complete the process. 
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 Non- Conventional/ Non- Traditional Method 

 

1. Microwave- assisted synthesis: [20] 

 

       Procedure: 

Put DMF (dimethylformamide) in a beaker and then add β- cyclodextrin in it 

 

 

Shake it until completely dissolve 

 

Then add crosslinker into it like CDI (carbonyl diimidazole) 

 

 

Then sonicate the mixture (DMF+ β-CD+ CDI) in beaker 

 

 

After sonication, put sample in round bottom flask and placed on microwave 

With magnetic beads stirrer 

 

 

Then set the power, time, temperature and start the process 

 

 

After microwave, put the sample in probe sonicator for 90 min 

 

 

Then evaporate the solvent by rotavapor and filter it and purified by Soxhlet extraction 

 

 

The evaluate the sample by FTIR 

 

 

2. Ultrasound- Assisted Synthesis:  

 

 Procedure: 

 In the ultrasound- assisted technique of synthesis, the polymer ultrasonics junction is utilized. Polymer 

crosslinking happens as a result of ultrasonic vibrations and takes place without the use of a solvent. A 

flask was used to combine the polymer and cross- linker at the proper molar ratio. The flask was positioned 

in an ultrasound bath for the duration of the ultrasonication process, which lasted five hours at a 

temperature of 90℃. After sonication, the temperature of the collected mixture was lowered. The result 

was then split violently, cleaned, and extracted with an excessive amount of water to remove unreacted 

polymer and reagents. The washed substance was purified with a Soxhlet extraction procedure and ethyl 

alcohol. Before further drug loading, the filtered nanosponges were carefully treated and vacuum dried. 

[21] 

 

Ⅸ. LOADING OF NANOSPONGES 

  

The nanosponges that were created for drug delivery should first undergo pretreatment to reduce the mean 

particle size to under 500 nm. In order to prevent the formation of aggregates, the nanosponges are 

subsequently suspended in water for a while and subjected to sonication. To obtain a colloidal fraction, 

centrifugation is used on the product suspension that was obtained. The finished products supernatant is 

separated, and the sample is then dried by freeze drying. 

Then the aqueous suspension of nanosponges was prepared. To cause the complexation, an excessive amount 

of drug is added to the aqueous suspension and constantly stirred. The uncomplexed drug and the complexed 
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drug are separated using centrifugation. Either the solvent is evaporated or the nanosponges are freeze- dried 

to produce the solid crystals. [22,23] 

 

 

Ⅹ. MECHANISM OF DRUG RELEASE FROM THE NANOSPONGES 

 

The active drug moiety travels in and out of the open structure of the sponge particles into the vehicle until 

equilibrium is maintained. In the case of topical distribution, the active substance that is already present in the 

vehicle will be absorbed into the skin once the finished dosage form is applied, depleting the vehicle, which 

will become unsaturated and disturb the balance. As soon as this happens, the active medicine will begin to 

flow from the sponge particles into the vehicle and then from the vehicle into the skin until the vehicle is 

either dry or absorbed. Even after that, the sponge particles will remain on the stratum corneum’s surface 

where they will continue to gradually release the drug’s active ingredient to the skin over time. [24] 

 

Ⅺ. EVALUATION PARAMETERS OF NANOSPONGES: The following possibilities can describe a 

complex interaction between a medication and nano sponges: 

 

1. Microscopy studies: The microscopic features of the product (drug/ nanosponge complex) can be studied 

using scanning electron microscopy (SEM) and transmission electron microscopy (TEM).  

 

2. Loading efficiency: To determine the effectiveness of a compound’s ability to load a nanosponge, it must 

first be dissolved in a suitable solvent, divided into smaller pieces using a sonicator, then diluted to the 

proper concentration before being tested using UV and HPLC techniques. 

 

3. Zeta Potential: Surface charge is indicated by zeta potential. When utilizing an additional electrode, it 

might be estimated in the particle size equipment. 

 

4. Particle size and polydispersity: Dynamic light scattering will assess particle size using MAS OPTION 

particle sizing software on a 90 Plus particle sizer. It is feasible to determine the polydispersity index and 

the mean diameter. 

The polydispersity index (PDI) can also be seen with dynamic light dispersion instruments. The particle 

size distribution range or range or variance is measured by the PDI. Monodisperse samples have a lower 

PDI value, whereas a higher PDI value indicates that the sample is polydisperse and has a larger range of 

particle sizes. 

 

5. Thin Layer Chromatography: In TLC, the Rf value of a drug molecule falls sharply, assisting in the 

identification of the precise structure between the drug and nanosponge. Molecules can be complicated 

by combining with their hosts and other molecules in a reversible process. 

 

6. Single crystal X- ray structure analysis: The precise design of the inclusion and the method of contact 

were established using this method. Both the precise geometric relationship and the interaction between 

the host and guest molecules can be identified. This data was obtained over the majority of the study and 

adds to our understanding of how to design inclusive systems. 

 

7. In- Vitro drug release study: The escape of the drug from the designed nanosponge formulation can be 

studied using a multi- compartment rotating cell with a dialysis membrane and a Franz Diffusion cell with 

roughly a diffusional region of 2.26 cm2.. A nanosponge system containing pharmaceuticals in distilled 

water makes up the donor procedure. The environment for the receptor stage is the same as well. 

 

8. In- Vivo Studies: Two groups of albino rats weighing 250 grams each underwent in – vivo tests. 

‘Oncology tool: Dose calculator’ was used to compute the dose for albino rats. Cefadroxil was 

administered to rats at the target dose of 7.69 mg/kg/12 hours. Following anesthesia, an oral suspension 

of cefadroxil and cefadroxil nanosponges suspended in saline solution to obtain a concentration of 1 mg/ml 

of cefadroxil is prepared and given via orogastric gavage. One rat is placed in the control group and four 
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rats are placed in the complex group. The animal is divided into 2 groups. Data studies and 

pharmacokinetic analyses were conducted on the samples using UV spectroscopy analysis. 

 

9. Fourier Transform Infrared Spectroscopy: It was carried out using a Perkin Elmer System 2000 

spectrophotometer to determine whether there was any drug- NS interaction. A few milligrams of the 

sample were combined in a mortar with 100 times as much potassium bromide (KBr) to create the pellets. 

A stainless-steel die was filled with the finely ground powder. The powder was then subjected to a pressure 

of roughly 10,000 pounds per square inch in the die between polished stainless-steel anvils. The KBr 

pellets’ spectra were collected in the range of 4000 cm-1 to 500 cm-1. 

 

10. Optical Microscopy (OM): After appropriate dilution with water and saline solution, the NS suspensions 

were examined using a Leitz inversion microscpe to determine the impact of the dilution on the NS 

formulations. The morphology of erythrocytes following incubation with NS was also examined using the 

optical microscopy. 

 

11. Statistical Analysis: Student’s t- test was used for the statistical examination of the formulation 

differences. The level of significance was set at a probability of 0.05. [25,26] 

 

Ⅻ. APPLICATIONS OF NANOSPONGES 

 

1. Nanosponges for drug delivery 

Nanosponges minuscule porosity structure allows them to transport the medicine that is not soluble in 

water. Solubility and permeability of drug nanosponges complexes are important factors that affect the 

dissolution rate. It is said that nanosponges made of β- cyclodextrine are 3-5 times more effective at 

delivering the medication to the desired location. 

 

2. Nanosponges in Cancer Therapy 

Since NS products are three to five times more effective at reducing tumor development than direct 

injection of the pharmaceuticals, they play a significant role in drug delivery, especially in the treatment 

of cancer. The ultrafine nanosponges are packed such that the medications are loaded and exposed to the 

specified site where the cell surface receptors that are radiated and the peptides are bonded to the NS for 

releasing their shipment. Camptothecin, a plant alkaloid with potent antitumor properties, was derived 

from the stem and bark of Camptotheca acuminate. 

 

3. Nanosponges in Agriculture 

The technology used for the plants growth also plays a huge part in how it appears, so its not just climate 

that affects how it looks. The introduction of functionalized nanosponges (FNS) in agriculture has 

increased the benefit of plant growth and advanced their look by nourishing them with the correct amount 

of active susbtances and micro- nutrients which is needed for their healthy growth. 

 

4. Absorbent in Blood Poison Treatment 

When utilized as nanocarriers for blood detoxification, NSs have a typical style. NSs were injected into 

the blood as an alternative to the antidote since they could absorb the toxins. In order to divert the poisons 

attention from the cellular target, the NSs can mimic RBCs and fool them into attacking them. Researchers 

have created an NS by fusing ovine erythrocyte vesicles with poly (d, l-lactic- co- glycolic acid) (PLGA) 

CORES. 

 

5. As Topical Agents 

The nanosponge drug delivery system uses a novel technique to retain the medicine on the skin while 

delivering topical agents over time. Topical nanosponges are a frequent form of medication formulation 

for local anesthetics, antifungals, and antibiotics. In general, topical formulations can cause adverse 

reactions including allergies and rashes, but this technique allows for a steady rate of release, minimizing 

discomfort and maintaining therapeutic effectiveness. Final formulaions might include a range of 

components, such as gel, lotion, cream, ointment, liquid, or powder. 
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6. Oral delivery of drugs 

Drugs delivered orally utilizing biodegradable polymers to decrease medication toxicity, increase patient 

compliance through site specific drug delivery systems, and extend dosing intervals. Some BCS class- 2 

medications have poor bioavailability, low solubility, and high dissolution rates. However, it was shown 

that these medications had improved soubilization efficiency and the desirable drug release properties 

when they were combined with nanosponge. 

 

7. Other Applications 

The other use of nano sponges is 

The hollow chambers in the mesh- like NS structures, which are comprised of solid nanoparticles, allow 

them to encapsulate a variety of things, including proteins and peptides, genetic materials, antineoplastic 

medicines, and volatile oils. These NSs can now be employed for a variety of purposes, including protein 

distribution, explosive detection, water purification, chemical sensors, agriculture etc. due to surface 

functionalization. Numerous NS- based medication formulations are also offered on the market, and many 

of them- including brexin, menagargle, prostavastin, and glymesason- are undergoing clinical testing. 

 

 

 

 

ⅫI. CURRENT DEVELOPMENT IN SARS- CoV- 2 MANAGEMENT 

 

The SARS- CoV- 2 virus can be captured by NSs made from human macrophages or lung type-2 epithelial 

cells and eliminated after infection. As a result, it was utilized in the creation of SARS-CoV-2 preventative 

measures. The researchers have created two different forms of cellular NSs based on the existing structures 

of SARS- CoV-2, namely human lung type-2 epithelial cell nanosponge (epithelial- NS) and human 

macrophage nanosponge (M-NS). It was hypothesized that after interacting with these NSs, coronavirus 

would not be able to enter the cell because the NSs had the same receptors that the viruses rely on for their 

entry. When SARS-CoV-2 is incubated wit NSs, it is neutralized and loses its ability to infect cells. NSs can 

make viral mutations and viral species unclear. Additionally, it may recognize host cells that continue to serve 

as the virus’s targets and take action against them to eliminate them. [19,24,27] 

 

ⅩⅣ. CONCLUSION 

 

Skin can be readily penetrated by the nanoscale colloidal transporter. Additionally, due to their small size and 

porous structure, they can improve the bioavailability of medications by binding poorly soluble compounds 

in their matrix. Nanosponge improves even poorly soluble medication solubility. Drugs that are hydrophilic 

or lipophilic can be included in nanosponge and released at the target spot in a controlled and reliable manner. 

Adjusting the polymer to cross- linker ratio and particle size can change the release rate. Nanosponge is a 

useful tool for shielding the active component of an insoluble medication from physicochemical breakdown. 

They can be manufactured in different dose forms such as aerosol, parenteral, topical, and tablets because of 

their small size and spherical shape. A topical medication system that includes nanosponge can effectively 

retain it on the skin. The microscopic mesh- like structure of nanosponge makes it useful for treating a variety 

of illness When it comes to drug delivery for the treatment of serious illnesses like cancer, nanosponges are 

five times more successful. Because of their typical hole size of 0.25 micrometer, which prevents bacteria 

from penetrating, nano sponges are self- sterilizing. 
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