Nanosponges ,  An Emerging Technology For Targeted Drug Delivery:  
 A Review
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ABSTRAT 
The nanotechnology is recent advance technology has lead to development of the targeted drug delivery system. Conventional drug delivery system has certain problems such as drug toxicity, poor bioavailability and release of drug in predictable fashion. However, targeting a molecule to a particular site using a drug delivery system effectively requires a specialized drug delivery system. The invention of nanosponges has become a significant step towards overcoming these problems. Nanosponges are tiny sponges with a size of about a virus, which can be filled with a wide variety of drugs. These tiny sponges can circulate around the body until they encounter the specific target site and stick on the surface and begin to release the drug in a controlled and predictable manner. Nanosponges can be referred to as solid porous particles having a capacity to load drugs and other actives into their nanocavity; they can be formulated as oral, parenteral, topical or inhalation dosage forms. Because the drug can be released at the specific target site instead of circulating throughout the body it will be more effective for a particular given dosage. One of the important characteristic of the nanosponge is their aqueous solubility, this allows the use of these systems effectively for drugs with poor solubility. In this, application of nanosponges, methods of preparation, evaluation parameter have been discussed.
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INTRODUCTION
Medical researchers have long had trouble with how to administer medications: how to get them to the proper area in the body and regulate how much of the medication is released at once to avoid overdosing. One possible solution to these issues is the creation of novel, intricate molecules known as nanosponges. The nanosponges are a novel class of materials consisting of minuscule particles having cavities that are only a few nanometres across and can contain a wide range of chemicals. Both lipophilic and hydrophilic compounds can be carried by these particles, and they can also make poorly soluble molecules more soluble. Early investigations indicate that nanosponges, which resemble microscopic mesh structures, have the potential to improve the treatment of numerous diseases. This technology may be up to five times more effective at delivering [1]. 
The nanosponge is about the size of a virus with a ‘backbone’ (a scaffold structure) of naturally degradable polyester. The long length polyester strands are mixed in solution with small molecules called cross-linkers that have an affinity for certain portions of the polyester. They ‘cross link’ segments of the polyester to form a spherical shape that has many pockets (or cavities) where drugs can be stored. The polyester is predictably biodegradable, which means that when it breaks up in the body, the drug can be released on a known schedule. The drug molecules are encapsulated within the core of nanosponges, a sort of encapsulating nanoparticle. The three types of nanoparticles—encapsulating, complexing, and conjugating—can be distinguished based on how they associate with medications. Nanosponges and nanocapsules serve as symbols for the first type. Drug molecules are carried by sponge-like nanoparticles called alginate nanosponges, which have several holes in them. Nanoparticles are also encapsulated in nanocapsules, such as poly(isobutyl-cyanoacrylate) (IBCA). They have an aqueous core that can hold medicinal compounds. Complexing nanoparticles, which draw molecules in by their electrostatic charges, make up the second group. Conjugating nanoparticles are the third kind; they form covalent connections with medications [2]. 
Solid by nature, nanosponges are tiny, porous particles that can be prepared in dose forms for oral, parenteral, topical, or inhalation. These can be distributed in a matrix of excipients, diluents, lubricants, and anti-caking agents for oral administration. This is appropriate for the production of tablets or capsules, and the main advantages of these are decreased toxicity, preservation of the dosage form, decreased overall dose, and increased patient compliance due to prolonged release. These can be easily combined with saline, sterile water, or other aqueous solutions for parenteral delivery. They are successfully integrated into topical hydrogel for topical delivery. [3]. 

Features of nanosponges
1. One important characteristic of these sponges that enables the effective application of these systems for drugs with restricted solubility is their aqueous solubility. 
2.  The nanosponges can be used to deliver both lipophilic and hydrophilic drugs. 
3.  They have been used as biological agents and as nano-carriers to remove organic pollutants from water. 
4.  This technology raises the elegance, decreases side effects, increases formulation flexibility, and improves stability. 
5. Nanosponges do not cause toxicity, allergies, mutagenesis, or irritation. 
6. Extended release: the integration of immiscible liquid is possible through continuous release up to the 12th, which improves material processing because liquid can be powdered. They can be arranged in a circular molecule with a submicron size. They come in a variety of parts of  molecule.
7. Nanosponges have the ability to disperse at the particle level, adhering to very       insoluble standards, and protecting their patterns from artificial materials, light, oxygen, and other factors. 
8. When utilizing nanosponges as a medication delivery system, the appropriateness and timeliness of realistic medication utilization can be postponed when compared to non-buildings; higher remedial exercises are observed as the centralization of the dynamic particles the corresponding[4]. 


    ADVANTANTEGES OF NANOSPONGE [1]
1) Between PH 1 and 11, these formulas remain stable. 
2) Nasosponges assist in the body's elimination of venomous and toxic chemicals.
3) Because of its minuscule (0.25 m) hole size, which prevents germs from passing through, the nanosponges serve as a self-sterilizer. 
4) They make medications more bioavailable. 
5) They increase the solubility of poorly soluble medications. 
      DISADVANTAGES
· Nanosponges have the capacity of encapsulating small molecules,  but it is not  suitable for larger molecules.
· Dose dumping may occur in some cases.

 METHODS OF PREPARATION
1.Solvent method [5]
· Combine the polymer with an appropriate solvent, preferably a polar aprotic solvent like DMSO or dimethylformamide (DMF). 
· After that, mix this mixture with an excess of cross-linker, ideally in a crosslinker/polymer molar ratio of 4:16. 
· Conduct the reaction for a duration of one to forty-eight hours at a temperature between 10°C and the solvent's reflux temperature. 
· Carbonyl compounds (dimethyl carbonate and carbonyl diimidazole) are the preferred cross linkers. 
· After the Along reaction is over, let the mixture cool to room temperature. Then, add the result to a large amount of distilled water in excess. Recover the product by vacuum filtering, and then purify it using ethanol-based Soxhlet extraction. 
· Use a vacuum to dry the goods, then grind it in a mechanical mill to obtain homogeneous powder.

2.Hyper Crosslinked β-Cyclodextrin Method [6]:
1) Nanosponges can be made by crosslinking different cyclodextrin forms with a carbonyl molecule acting as a crosslinker. 
2) Cyclodextrin and a crosslinking agent, such as diphenyl carbonate di-isocyanates, are combined to create them. 
3) After roughly crushing a transparent block of hyper cross-linked cyclodextrin, excess solvent is wiped off by rinsing it with more water. 
4) The product is refined by soxhlet extraction with ethanol that has been oven-dried for a whole night at 600 C. 

3.Emulsion Solvent Diffusion Method [7]:
1) Various amounts of ethyl cellulose and polyvinyl alcohol are used in this process. 
20 milliliters of DCM were used to dissolve the medication and a dispersion phase that included ethyl cellulose. 
2) The mixture was then cautiously added to 150 milliliters of the constant water form, along with a predetermined amount of PVA. 
3) For two hours, the reaction mix that was previously specified was agitated at 1000 revolutions per minute (rpm). 
4) The resultant nanosponges underwent filtration and dehydration in a 24-hour oven at "40°C." After that, the dehydrated NS were placed inside a vacuum dispenser to guarantee total removal of any leftover solvent. 
5) Please be aware that the temperature of "40°C" in the original statement appears excessively high for drying nanosponges and might possibly harm the substance. 
6) The temperature "40°C" is more reasonable and commonly used for such
processes. 

4.Ultrasound-Assisted Synthesis [8]:
·  This method sonicates the polymer and cross-linker without a solvent, resulting in uniformly spherical particles. 
· The process starts by combining the crosslinker and carrier in a vessel according to a predefined mole ratio. 
· The combination is then sonicated for a brief period of time at 90°C in an ultrasonic bath. The mixture is cooled after the reaction is finished. 
· After that, the product is roughly crushed, cleaned with water to remove any remaining polymer, and then refined using an extended Soxhlet extraction method that uses ethanol.
· After more drying, the nanosponges will be ready. 





Loading of Drug into Nanosponges 

Pretreatment is necessary to get a particle size of less than 500 nm on nanosponges. To achieve this reach, the nanosponges are split or suspended in water. They are vigorously sonicated in order to prevent the suspension of the nanosponges from becoming disorganized. The suspension is centrifuged to form a colloidal division. A freeze dryer is used to dry the model after the supernatant has been separated. It is acceptable to suspend nanosponges in water. For the duration of the complexation period, a flood level of medication is introduced to the suspension and consistently blended. Centrifugation is used to separate the uncomplexed drug from the complexed drug following complexation. Using a freeze dryer or dissolving the dissolveable will yield the powerful valuable stones of the nanosponges. A crucial principle in the robust gem formation of nanosponges regulates the drug's complexation. The drug stacking cutoff points of paracrystalline nanosponges are lower than those of clear nanosponges. The solution stacking occurs in weakly glass-like nanosponges as a mechanical mix.[9]

 Factors Influencing the Formation of Nanosponges: 
FACTORS INFLUENCE NANOSPONGE FORMATION [10]

Type of polymer 

The kind of polymer that is utilized can affect how successfully nanosponges form and function. The nanosponge's cavity size must be appropriate to hold a drug molecule of a specific size for complexation to occur. 

Type of drugs 
Drug compounds that are to be complexed with nanosponges need to meet the requirements listed below. 
· Molecular weight in the range of 100–400 
· There are fewer than five condensed rings in the drug molecule. 
· Its solubility in water is less than 10 mg/mL, and its melting point is lower than 250°C. 

Temperature 
Drug/Nanosponge complexation may be impacted by temperature variations. The apparent stability constant of the drug/nanosponge complex generally decreases as temperature rises. This could be because drug/nanosponge contact forces, such as van der Waals and hydrophobic forces, may be reduced with temperature.

Method of preparation
The drug/nanosponge complexation process may be impacted by the way the drug is loaded into the nanosponge. Though a method's efficacy varies depending on the drug and polymer, freeze drying has frequently been shown to be the most successful approach for drug complexation.

Degree of substitution
The kind, quantity, and location of the substituent on the parent molecule may have a significant impact on the nanosponge's capacity to complex.

Characterization

                Thermo-analytical methods 
                Thermoanalytical techniques ascertain if the medication modifies before the nanosponge's thermal breakdown. The therapeutic material may undergo melting, evaporation, breakdown, oxidation, or polymorphic change during its metamorphosis. A shift in the medication signifies the complex's development. One can keep an eye out for broadening, shifting, the emergence of new peaks, and the removal of particular peaks in a thermogram that was obtained using DTA and DSC. Modifications in weight loss may also facilitate the development of inclusion complexes. [11]

                X-ray diffraction study
Using an X-ray diffractometer, an inclusion complex's creation in the solid state can be found using X-ray diffraction studies 16, 25. Diffraction pattern of a single, straightforward component The inclusion complex and nanosponges are not the same. In contrast to amorphous form, crystalline material exhibits a distinct peak in their diffraction pattern. The parent peak in the diffraction pattern may move or vanish, indicating the complex development. The crystalline nature of the medication may change when it is placed into a nanosponge, as evidenced by the sharp peak's removal or shifting in the drug's diffraction pattern.[12]

Zeta potential
Zeta potential analysis can be used to measure the stability of the nanosponges. The system being characterized's surface charge is measured by the zeta potential. Surface charge influences the biological environment's interaction. The Smoluchowski equation or the Stokes equation can be used to compute the diffusion coefficient and electrophoretic mobility. The pH and electrolyte content are two factors that must be taken into account when measuring the zeta potential. After diluting the nanosponge sample with KCL solution, it is placed in an electrophoretic cell with an electric field of roughly 15 V/cm.[13]

Microscopy study 
The morphology of the nanosponge, or the size and form of the particles, is studied using a transmission electron microscope (TEM) and a scanning electron microscope (SEM). This technique allows for the observation of the creation of an inclusion complex. Using an electron microscope, the variation in crystallinity between the raw material and the finished product was examined. A moist sample can be examined with an ESEM[13].

Thin layer chromatography 
The drug molecule's Rf value is greatly lowered in thin layer chromatography, which aids in the detection of the complex formation between the drug and the nanosponge. It is reversible for the inclusion complex to form between the molecules of the guest and host. Consequently, only spots of the guest and host molecules can be identified on the TLC plate, allowing the complex to be fully separated into guest and host molecules during the chromatographic procedure. 

Infrared spectroscopy
Using infrared spectroscopy, one may ascertain how the drug interacts with the nanosponges in a solid form. During complexation, the nanosponge bands could somewhat alter. Less than 25% of the combination contains foreign molecules, hence the range of drugs that can be treated by the nanosponges is easily covered. Compared to other approaches, this one is not appropriate for detecting the inclusion complex. [10] 

Applications of Nanosponges: 

1) Titanium nanosponges as chemical sensors:
 Nanosponges, a kind of "metal oxides," function as chemical sensors for extremely sensitive hydrogen detection. Since there is no contact point in the nanosensor structure at first, electron transport is less inhibited, and higher 3D linked nanosponges of titanium oxide—which is sensitive to H2 gas—are produced. 

2) Oral administration of nanosponge: 
The system of pores in the nanosponge increases the rate at which medications that are poorly soluble in water and become stuck in the pores of the drug dissolve. Because of the nanoscale structure and faster rate of disintegration, the surface area rises.[14]

3) Using nanosponges to transport drugs Due to their tiny pore size, nanosponges can transport medications that are insoluble in water. Enhancing the rate of dissolution, solubility, and permeability of therapeutic nanomushroom complexes is a crucial function. It has been claimed that β-cyclodextrin-based nanosponges are three to five times more effective in delivering drugs. Typically solid in nature, nanosponges can be prepared in dose forms for oral, parenteral, topical, and inhalation. The nano mushroom complexes are dissolved in an appropriate filler, such as lubricants, diluents, or anti-cracking agents, for oral delivery as tablets or capsules. Several characteristics of nanosponges include improved solubility, reduced skin irritation, controlled and gradual release, increased product flexibility, and reduced solubility.[10] 

4) Cancer Therapy
nanosponges that can be applied as a medicine delivery device against cancer. They assert that compared to administering medication directly, the procedure is three to five times more successful at slowing the growth of tumors. The microscopic nanosponges have a targeting peptide that attaches to radiation-induced cell surface receptors in the tumor and are packed with a therapeutic payload. The fungi adhere to the surface of the tumor cells and release their cargo when they do. Targeted medicine dosing offers the benefits of less side effects and more effective treatment at the same dose. Research using paclitaxel as a fungus has only been conducted in animals thus far. The plant alkaloid camptothecin, a strong anticancer agent, has limited therapeutic usefulness because of its instability in water, poor solubility in [15]

5) Nanosponges in solubility enhancement 
examined the itraconazole content of nanosponges. Itraconazole is a BCS class II medication that has a low rate of bioavailability and a limited dissolving rate. greater than 27 times greater drug solubility was achieved with the nanosponges. This quantity increased by more than 55 times when copolyvidone was added to the nanosponge formulation as a support component. By encapsulating the hydrophobic groups of itraconazole, improving the drug's wettability, and/or decreasing its crystallinity, nanosponges dissolve the medication.[16]


Conclusion:
It has been established that hydrophilic and lipophilic drugs can be encapsulated or accumulated using nanosponges as a drug delivery device by creating a complex. They are able to precisely and safely administer the medication at the intended location. Topical preparations in liquid or powder form, such as lotions, creams, ointments, etc., can comprise nanosponges. This technology's benefit is that it targets the medicine to a specific spot, which lowers side effects, improves stability, increases formulation flexibility, and improves patient compliance. Moreover, nanosponges have applications in agrochemistry, biomedicine, cosmetics, bioremediation, and catalysis, among other fields.
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