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ABSTRACT

Long-term efforts to develop a system which will not be hampered by the complex long process which is needed to create
a good dose delivery system. It is due to mixture of both water loving and hating drug categories. A system consists of
good nanotechnology to prepare sponges which will be of nanosized and will provide a good result and potency and to
detect an activity causing toxicity, reducing rate of absorption and good release of active constituent. Due to reduction in
size and having pores with good 3D structure. This properties will be effective in treating various symptoms or disease like
cancer, disease related to autoimmune system. This data will help in providing basic information about good and bad effects

with mode of methods to prepare and to characterize with maximum expansion in developing nanosponges.
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INTRODUCTION

The small size less than that structure termed as nano in
relation to sponges which resemble mesh, that have the
ability to contain a wide range of materials, including drug
molecules.>? They have a spherical colloidal structure
(Figurel) and improve the solubilization ability of both
lipid- and water-soluble medicines.> They make
medications with extended drug release more bioavailable.*
Hydrophilic and hydrophobic medicinal compounds can be
carried by nanosponges due to their amphiphilic nature,
which is characterized by their outside hydrophilic branches
and internal hydrophobic chambers.® With crosslinkers
connecting various polymer segments and the solutions
long-chain polyester backbone, they resemble a three-
dimensional network.® It is seen that reaction of
cyclodextrin with linking agents for crossing. It is a special
type of nano form composed of excess -connected
cyclodextrins can be created.” Nano form can be created by
various materials with different nature like acidic or neutral,
which swellbased on the crosslinker agent used.® As a
result, voids and hollow spheres that can contain medication
molecules are produced. This proportion can be maintained
by maintaining good load of drug. The content of drug
which will have same ability as nano sponge form and their
involvement with non-involved interactions with each
content.  They have several advantages over other
nanoparticles in that they may be readily replicated using a
variety of processes, including mild heating, stripping with
safe hot gases, washing with eco-friendly solvents, and
adjusting solutions with their ions or molecule strength.®
pharmacological component can circulate freely among the
nanosponges because of several voids in their core
architecture. Due to the contained moiety's freedom of
movement within the vehicle, the drug concentration is
lowered, disturbing the delicate balance and resulting in an

unsaturated state. the linking agent allow the formulation to
cling at active site with selectivity.? They are a feasible
method of delivering medication because they have been
demonstrated make a release from any problem.® Due to
their tiny size, nanosponges can be injected into veins and
lungs.’® The prepared form can be spread in a sample of
matrix consist of excipients to bind, dilute with some
quality to maintain cake formation. The drug can be
administered parenterally through preparing dilution in
water free from impurity or other hydrophilic form.* The
nanosponges can be formulated in different types as shown
in Figure 2.

Benefits of Nanoparticles

Drug distribution to specific sites is achieved by
nanosponges. Less detrimental side effects. Because the
particles of the nanosponges dissolve in water, the
hydrophobic medications can be enclosed in the
nanosponges. Prevents giving the therapy in excess or
insufficiently. More elegance, more stability, and more
formulation freedom. Systems using nanosponges are non-
toxic, non-mutagenic, non-irritating, and non-allergic.

Figure 1: Nanosponges

“Author for Correspondence: nagarevishakha2508@gmail.com



Nanosponges as a Revolutionary Drug Delivery Systems

N
v

N

Figure 2: Types of Nanosponges

Because of their 0.25um average pore size, which prevents
germs from penetrating, they are self-sterilizing.”

Negative Aspects of Nanosponges

Their restriction to tiny molecules. Rely solely on the
medication molecules' loading capabilities. The Level of
crystal formation decide capacity of sponges in nano form.
The API entrapment efficiency is low, larger sizes result in
increased pore width and a higher rate of dissolving, which
affects the formulation's control release. When exposed to
water, nanosponges swell, modifying both their release rate
and nanosize.*’

How Drugs are Released from Formulation

The drug molecule can freely flow through the numerous
holes in the nanosponges structures that are present in their
core once the liquid reaches the drug molecule's saturation
point. The final product is then applied topically or
ingested; the moiety enclosed is free to move within the
vehicle and is subsequently absorbed through the skin.>13
The process of releasing APl from nanosponges typically
involves several factors, including the properties of the
nanosponges material, the encapsulated drug, and the
environmental conditions. A general overview of the
mechanisms involved is presented in Figure 3.

Diffusion

One common PROCESS is diffusion. In this process, the
drug molecules move from areas of high concentration
within the nanosponge to areas of lower concentration in
the surrounding medium. This can occur through the pores
or channels within the nanosponge material.

Swelling and Erosion

Some nanosponge formulations are designed to swell or
undergo erosion in process to environmental factors like
changes in Physical and chemical conditions, or solvent
composition. As the nanosponge swells or erodes, it
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Figure 3: Drug Providing Effect from Formulation
releases the encapsulated drug molecules into the
surrounding medium.

Desorption

Drug molecules may be adsorbed or bound to the layer of
the nanosponge form with less bond like hydrogen bonding.
Release can occur through desorption, where the drug
molecules detach from the nanosponge surface and diffuse
into the surrounding medium.

Chemical Degradation

In certain cases, the nanosponge material may undergo
chemical degradation or cleavage in response to specific
environmental conditions. This degradation can lead to the
release of encapsulated drug molecules that were
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chemically bound or conjugated to the nanosponge
material.

External Stimuli

Some nanosponge formulations are engineered to respond
external stimuli such as light, magnetic fields, or
ultrasound. These stimuli can trigger changes formulation
or properties, giving efficient factor for liberating of
encapsulated drug molecules.

Controlled Release Strategies

Various controlled release strategies are used to modify or
to increase rate and extent of active constituent release from
formulation. These strategies include the use of stimuli-
responsive materials, surface modifications, and the
incorporation of additional excipients or polymers to tailor
the release kinetics according to specific therapeutic needs.
Overall, liberation of API within nanosponges can vary
depending on formulation design, the properties of the
encapsulated drug, and the desired release profile.*®

Key Characteristics

Nanosponges consist of a particular size of particle and can
be made polar or non-polar by adjusting the proportions of
polymers to crosslinking agents. Nanosponges have sizes of

less than 1 um and vary in void polarity.**It is discovered
that they remain stable at high temperatures 140° ¢ and
potential of hydrogen of 2-12. it is discovered that they are
non-toxic, biodegradable, and porous in
nature.’*Crystalline or para-crystalline forms are possible.
since productivity of stacking nanosponges is significantly
influenced by the degree of crystallization, crystal from
sponges as crucial for networking of active constituent in
paracrystalline, reports that a variety of drug-loading
capabilities of nanosponges have been demonstrated.® The
capacity to meet several structures, they exhibit targeted
release of different molecules. this can be enhanced by
employing chemical interaction that specifically act on
particular site.? The preferred material is nanosponges
because they can encapsulate immiscible liquids and offer
prolonged medication release for up to 24 hours while also
causing less discomfort and increasing flexibility and
stability.? It regulates the maximum free part in sponges of
nano form for filling, the degree with crosslinking affects
capacity to load medicines.

Materials Utilized to Prepare Nanosponges
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Figure 4: Formulation methods of Nanosponges by Hyper crosslinked method
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Table 1: Applications of Nanosponges

Drug Carrier Inference Ref.
Niacinamide  Caraway Increase anti- 17
formulation microbial
activity
Paclitaxel Use of solvent  Mantained 19
in sustained
ethylcelullose  release
Epirubicin Hydrazine Provided 45
with dots. therapeutic and
diagnostic
effect
Cisplatin High cross Increase 18
linker permeation in
cyclodextrin different
form spheroids
Various chemicals have demonstrated encouraging

outcomes and can be employed in the production of
nanosponges, contingent upon the intended nanosponge
type and the essential level of crosslinking. the next section
discusses various ingredients utilized in the creation of nano
form.16

Polymers and copolymers

Variety of resin form used in formulation of nanosponges
has an impact on their development and functionality. the
kind of medication to be encapsulated and the intended
release profile also influence the polymer choice. Among
the polymers that are employed include acrylic polymers,
eudragit rs100, hypercrosslinked polystyrenes, and
cyclodextrin and its derivatives.!”*® Hafiz et al. used
nanosponges as a carrier to create a carboplatin hydrogel.
Using a double emulsion solvent evaporation process, ethyl
cellulose was used to produce the nanosponges. Improved
medication providing effect at given site for sustained
release and adherence was demonstrated by the hydrogels
containing nanosponges that were synthesized.® 2

The proportion of polymer employed as copolymers
increased the drug's inclusion as demonstrated by
abelaciclovir-containing nano form made, the findings
showed that good encapsulation efficiency and the
prevention of drug leakage from nanosponges are achieved

when there is a higher concentration polymer and a lower
concentration of Pluronic F-68.%

Crosslinking agent

The drug whose nanosponges are to be prepared and the
polymer's structure determine the kind of crosslinker to be
used.'” among the crosslinking agents utilized are Cdm,
COOH, types of imidazol.*® Crosslinking quantity, which
depends on crosslinker concentration, is an essential part of
nanosponges because it affects liberation of drug format.
By varying the crosslinker concentration, it is possible to
produce hydrophilic or hydrophobic nanosponges to relaese
active content. Moreover, distinct crosslinking agents have
the ability to dramatically change critical properties such as
the polymer's swelling capacity and hydrophilicity or
hydrophobicity.?? Using triazole as a linker, Massaro et al.
suggested creating cyclodextrin-calixarene copolymers to
improve the binding qualities of standard cyclodextrin
nanosponges. employing this combination of cyclodextrin-
calixarene Nanosponge materials, composites were
produced employing two polyphenolic bioactive
compounds, quercetin and silibinin.?324

Drug Substances

To be formed as nanosponges, the drugs molecular weight
should be between 200 and 300 Dalton. Around less 10
mg/ml substance should be diluted in water with providing
fusion process around 240 °C. Drug compounds should also
have fewer than five condensed rings.?%°

Strategies for Creating Nanosponges

Hyper cross-linked method (Melting method)

Around 16.43 g of caraway and around 90-100 ml of DMF
were added to RBF, dilution is prepared and mixed hard till
it gets completely break down. this mixture was treated to
9.86 g of cdi, and the reaction was run for 4 hours at 100
°C. To remove any surplus Dimethyl Formamide from the
combination above, a large amount of deionized water
should be added. Lastly, unreacted compounds are removed
using ethanol-based Soxhlet extraction, as seen in Figure
4.30’31

Ultrasound-assisted Synthesis

With this technique, polymers and crosslinkers react under
sonication to create nanosponges without the need for a
solvent. with this technique, spherical, uniformly sized
nanosponges are obtained. in this process, crosslinkers like
pyromellic anhydride or phenyl carbonate are agitated in
apparatus with good ratio.the mixture in the flask w kept
ultrasonic apparatus with h20 and was heated around 100°
¢ when it had cooled. to remove any remaining nonreacted
polymer, the mixture is washed with water [Figure 5]. The
combination is refined using an extended soxhlet extraction
procedure with ethanol.3%3?

Solvent Method

Using this procedure, a polymer solution is added in excess
to the crosslinker, and the temperature is kept at 10-15°C
for 2 days. Sample was letter chilled and given a good ration
of solvent which causes nanosponges to develop. Following
preparation, the nanosponges were collected and vacuum-
filtered [Figure 6]. The combination is refined using an
extended Soxhlet extraction procedure with ethanol.0:33
Polymerization
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Figure 7: Formulation methods of Nanosponges by
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After dissolving a non-polar drug of single molecule in
water phase, water part consisting of surfactants and
dispersants to facilitate suspensions are mixed. Breaking
the monomers increase in physical conditions is how
polymerization is done containing the separate drops of
essential dimension required size is produced. The
Chemical process produces a system that resembles a
reservoir and providing opening through orifice present.'’

Quasi-Emulsion Solvent Diffusion

This technique prepares nanosponges by using aqueous and
organic phases in varying ratios. Polyvinyl alcohol is
employed in the aqueous phase, whereas a medication and
polymer solution are used in the organic phase. After
choosing the polymer and dissolving the medication in an
appropriate organic solvent, the mixture is gradually
introduced to the aqueous phase. The final mixture is
agitated at 1000 rpm for over two hours [Figure 7].
Filtration, washing, and drying are done on the prepared
nanosponges.33*

Table 2: Patents of Nanosponges

Microwave Irradiation Method

The temperature of the reaction mixture was measured by
inserting a structureed cloth inquest in container. carbonate
of diphenyl was employed as a linking agent for crossing
and DFM as a solvent to produce cyclodextrin-based
nanosponges. In short, a 250 ml flask was filled with a
solution of cyclodextrin and diphenyl carbonate in
dimethylformamide, and microwaved for a predetermined
amount of time under particular conditions. The solvent was
totally eliminated after some time. After that, the final
product was extensively cleaned using ethanol and Soxhlet
extraction [Figure. 8]. After that, a white powder was
created, which was subsequently dried at 60 °C in an oven
to make it usable.??
Elements that
Nanosponges
Variety of multiple monomers & Cross linkers

The type of multiple monomers employed for preparation
of nanosponges has an impact on their performance.
crosslinkers that work effectively can create three-
dimensional structures from nanoporous molecules. by
adjusting the degree of crosslinking, hydrophilic or
hydrophobic portions can be created that entangle target
molecules. water soluble or insoluble nanosponges are
created based on the crosslinkers' properties.® water loving
form can be created by using epichlorohydrin as a agent for
crossing. these can be used as efficient drug carriers and
improve medication absorption across biological
membranes.® hydrophobic nanosponges that can be used to
distribute hydrophilic medicines, including proteins and
peptides, for a longer duration can be created by employing
crosslinkers  like  diphenylcarbonate,®  pyromellitic
anhydride and diisocyanates.*®

Kind of medication and interaction medium

The kind and nature of the crosslinker and polymer utilized,
along with the kind of medication that must be loaded,

Influence the Development of

No. Patent title Patent number Inventor Year  Country

1 Electrostatic precipitator assembly and US-20240017272-A1  Krichtafovitch; Igor 2024 USA
electrostatic air cleaner with conducting
synthetic polymer plates

2 Minoxidil adjuvant therapies US-20240009101-A1  Goren; Ofer 2024 USA

3 Antiviral therapy with imiquimod and US-20230226028-A1 DANDIKER 2023 USA
cocrystals thereof

4 Topical Aerosol Foams US-20230190651-A1  OSBORNE 2023 USA

5 Anti-fungal preparation with curcuminand 202121024881 Jayadeep R. Yadav 2021 India
luliconazole nanosponges

6. A method for producing stable lithium 202021008717 Vivek Polshettiwar 2020 India
silicate nanosponges for capturing CO2 Rajesh Belgamwar

7 Reconstituable hydrogel powder of 201821029366 Dhamane suchita 2018 India
dapsonenanosponges useful in the prabhakar
treatment of acne Sonar Sagar Suresh

8 Synthesis of Nanoparticles and US09574136 B2 Kun Lian 2017 USA
nanosponges

9 Polycarbonate-containing compounds and ~ US 09580548B2 Eva M. Harth 2017 USA
methods David M. Stevens

10  Starch nanosponges 2071/MUM/2014 Vavia Pradeep Ratila 2016 India

Jadhav Nitin
Vitthalrao
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might all affect the formation of nanosponges. it is possible
to efficiently capture drug molecules inside a nano structure
if they are having molecular weight between 200 and 500
da, a m.p below 240 oc, reduce fused ring in number of five,
and dissolving form below 15 mg/I in aqueous form.3®

The condition for marinating firmness constants decreases
with increasing temperature due to the weakening of drug
or nanosponge contact forces. Consequently, careful
temperature control should be maintained when creating
nanosponges.®!

Furthermore, melting compounds at higher temperatures
leads to less drug loading because of the structural rigidity
of the compounds. While organic solvents tend to liberate
trapped organic molecules in Nanosponges, hydrophilic
media will force organic guest molecules to enter
hydrophobic cavities.?

Level of Replacement

The type of sub part, No., and site of molecule consisting
multiple monomers all influence balance of nanosponges to
complex.*® The kind of replacement is required as surface
chemical from of cyclodextrin derivatives provide wide
accessibility to the derivatives in different forms, when
distinct functional groups are complexed together by a
crosslinker, several types of mixed material, such as mixed
starch form can be generated. This implies that increasing
the number of substituents may raise the possibility of
higher crosslinking levels, which may result in very porous
nanosponges because of the creation of a mesh-like network
and enhanced links between polymers.?

Temperature

Temperature changes have an impact on how well
nanosponges complexify. Usually, when temperature rises,
firmness of active constituent falls. This could be because
of decreased hydrophobic condition and less bond
interaction like hydrogen bond forces.31:40

Properties of Nano form in sponges

The potency, degree of crosslinking, and speed of
medication distribution of the Nanosponges are evaluated
using a battery of tests, all of which contribute to the
determination of whether the formulation possesses the
necessary properties.°

Microscopic Analysis

Both scanning and transmission Electron microscopes
allow for the microscopical study of drugs and
nanosponges.® The electron  microscope  image
demonstrates obtaining mixed form by comparing final
product's rate of crystallization formation to that of initial
materials. 04

Solubility Analysis

The inclusion complexation process is studied using the
phase solubility approach. The medication was added to
each flask that held an aqueous solution of different
percentages of nanosponges in this technique. A
mechanical shaker was used to shake the flask while it was
at room temperature. Following centrifugation, the coarse
dispersion was filtered through a 2500 Dalton molecule
filtration once it had stabilized. HPLC was used to examine
the resulting solution and determine the drug content. The
pH of the medicine, the solubilization process, and the

factors influencing drug solubility are all studied in relation
to medication solubility.*

Thermodynamic Analysis

Any changes that medication particles or molecules
undergo prior to the heat-induced loss of sponges can be
found using the thermo-chemical method. Medication
particles may change due to a variety of processes,
including melting, oxidation, and polymeric changes.®
Analysis of broadening, transferring, to introduce new
range and to remove old range the introduction of new
peaks, and the removal of specific peaks can be done using
the thermogram produced by DTA and DSC.4142

Thin Layer Chromatography (TLC)

The evaluation of a drug molecules Rf values in TLC
facilitates the identification of the drugs complex creation
with nanosponges.*+4?

Drug Loading Efficiency

The drug injected in the nanosponges was quantitatively
estimated using a UV spectrophotometer.®? You can use the
following formula to ascertain how much medication is
added to nanosponges.*#

% Loading capacity = (Drug in nano sponge / Total
amount of drug and polymer added) x 100

Vibrational spectroscopy

Infrared spectroscopy is utilized to ascertain how
pharmacological molecules interact with nanosponges in
the solid state. bands on nanosponges width somewhat
when a compound forms. the bands of the nanosponges
spectrum easily mask form to be attributed to the extra
molecules below 22-25% are included in complex.*® Use of
IR is limited to drugs that have identifiable width, like
sulfonyl or carbonyl groups.**

Micromeritics

A big size of particle more the 100 sensorn are applied for
measurement via dynamic light scattering. This makes it
possible to estimate the mean diameter and polydispersity
index.5 It was measured at certain angle around 90 for every
sample. The product was suitably mixed with water in milli
q every assessment.>4!

Zeta potential

Used to assess surface charge.’ To find the zeta potential of
sponges in nano form, samples mixed with 0.01 mol/l KCL.
X-ray Diffractometry

To measure complex form of solid state. Diffraction peaks
can be used to determine the intricate growth and chemical
breakdown of a mixture of substances. The drug's
crystalline structure and diffraction patterns are altered

during the formation of the drug-nanosponge
combination, -4
Applications

Biocompatibility and adaptability make Nanosponges a
versatile tool with a multitude of possible applications in
the field of nanotechnology. Nanosponges have several
uses, some of which are covered in this article.**® Table 1
lists a number of more recent uses for Nanosponges along
with an indication of their relative significance.

Cancer

Hyper-cross-linked polymers that create nanoporous
systems are the building blocks of new drug delivery
methods, and cyclodextrin-based nanosponges are among
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them.21% One of the main disadvantages of many anticancer
drugs is their extremely low water solubility. Nanosponges
can enhance the solubility and wetting of molecules with
very low water solubility.*9-52

Utilizing cyclodextrin nanosponges acting as soluble form
a, Studies on short-term stability have shown that drug
loaded formulation stored in a given solution provide
stability for long term studies.> The drug loaded sponges
kept at 3-4°C as a water form produced a good without
forming paclitaxel crystals.5?

Use of nano sponges to administer paclitaxel, it is easy to
eliminate the toxic ingredient Chremophor EL formulation,
increase the amount of drug given penetrates cells causing
cancer, and lower drugs 50% concentration inhibition
improve the drug's pharmacological action.5%%

The findings of 2 cancer causing form looked at less growth
of cancerous cells in relation to breast in animals and speedy
mouse gliomas. In both the condition the use of nano form
for medication delivery increased cancer cell death and
suppressed tumor development.*°

Asakiya et al., created a potential of gradient nanoform for
the active site. capsaicin and doxorubicin to tumour of colon
and rectal form. together, the two medication combinations
filled into sponges of DNA decreased the potential of the
mitochondrial membrane, produced cellular species
containing 02, and inhibited the growth of sw480 cells.>®
Fungal Infections

To improve the solubility, stability, and controlled release
of clobetasol propionate PB-cyclodextrin and diphenyl
carbonate hydrogel. the thpl cell line was used for the in-
movement test. The outcomes demonstrated the superior
payload and controlled-release capabilities of clobetasol
propionate nanosponges. furthermore, in vitro experiments
showed that it was efficient against thpl cells, exhibiting
immune-modulatory and anti-inflammatory properties.

A butenafine gel based on nanosponge was developed by
ahmed et al. to treat fungal infections. through deeper
delivery of medications to active site into outer layer of
skin., nanocarriers improve the efficacy of treatment and
eradicate fungal infections entirely. by extending the
duration of the drug release, the recently developed
carbopol polymeric gel impregnated with butenafine loaded
nanosponge may prove to be a successful drug delivery
method for the treatment of fungal diseases.*®

Covid

sponges in nano form consisting of cyclo having starch
paste, which have cooh groups in their s composition, have
been used to transport acyclovir. these nanosponges work
well for sustained release and have higher capacity for
opposing viral drug; nevertheless, more in vivo testing is
required to properly assess the effectiveness and spreading
of these sponges.’

In Drug Delivery

Good dosage form can be obtained, such as topical,
parenteral, aerosol, tablet, and capsule, due to their circular
shape andnano size.%® Econazole nitrate is an antifungal
drug that can be used topically to the skin in the form of
cream, lotion, ointment, or solution to relieve the symptoms
of skin infections, dermatophytosis, and superficial
candidiasis. The restricted absorption of econazole nitrate

upon topical application restricts the medication’s ability to
treat certain conditions.%°-%

It is feasible to effectively deliver medicine whose
dissolving property is crucial for preparation by loading
drugs into the nanosponges. Nanosponges can be used to
disguise bad tastes and solidify liquids, as well as enhance
dissolving property stability and dissolution rate, stability,
and dissolution rate.5!

Telmisartan, a drug of second class of BCS, has a
bioavailability that is stopped by its rate of dissolution.
Nano form of sponges using crosslinkers such as
cyclodextrin having different bonds.tel was present in the
sponges in nanoform it’s in vitro dissolution solubility at
which it stops getting dissolved was compared. the
solubility of Telmisartan was found to be increased 9.53-
fold in distilled water, in various proportion in HCI and
sodium bicarbonate.

Transport of Peptides and Proteins

The medications were not properly absorbed and were not
able to cross the membrane because their size was big and
other factors line ionization with less permeable across
membrane of mucus. After 1V the molecules of protein get
extracted very fast from the blood the attached to plasma
proteins and enhance the reaction. Bioavailability is the
problem with oral delivery. Protein development depends
critically on their long-term stability.5?

In addition to enhancing protein stability, nanosponges can
control movement, stability and covering of proteins.3®? It
has been found that highly efficient carriers for protein
adsorption are nanosponges based on cyclodextrin.3?
Autoimmune Diseases

When an autoimmune disease occurs, the body’s defensive
mechanism overreacts, attacking itself. the development of
biomimetic nanoparticles, which take their cues came from
environment increased the connection between chemical
form of material and living form, has attracted more form
recently in the field of nanomedicine.5%% Toxic chemicals
are bound by nanosponges and neutralized, preventing
harm to healthy cells. the nanosponge provided a position
strategy to provide extended form to maintain balance,
which distinguishes it from regular nano form process
works with parallel structure.’” Numerous orifices forming
material came from venom or different type of
streptococcus form have been provided by this theory,67-¢°
all the toxins are incubated with RBC covered with nano
sponges and due to that it reduced cell membrane or layer
of sponges.™

A red blood cell-based nanosponge formulation was
developed to treat autoimmune hemolytic anemia. the RBC
layer was covered with core of polymer to form an RBC
containing antibody nano form which will maintain affinity
as residing form of RBC group. this formulation show
efficacy in stopping the opposed form of RBC from joining
to good and healthy RBC in both conditions.™

Blood Poison

Nanosponges provide a novel approach to blood
detoxification. By infusing the toxins into their
bloodstream, nanosponges can absorb the toxins in place of
an antidote. By mimicking red blood cells, these
nanosponges mislead the toxic form from attacking them
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and provide extent of absorption, absorb them, and reroute
their course away from the intended target cell.”

Photo thermal Therapy

it was discovered that conventional phototherapy was
useless since it was damaging not just cancer cells but also
healthy cells. photothermal therapy based on nanocarriers
appears promise since the carrier of nano form with less
activation or heated form can be targeted to the tumor site.
by restricting the heat ablation to the tumor location, this
lessens the death of normal, healthy tissues or cells.”™

Jin et al. created deoxy ribozyme nanosponges using the
approved dye indocyamine for photothermal therapy.
compared to the indocyanine green group, the temperature
rose significantly greater in nanosponges. this technique is
providing for mainating gene therapy because anti-cancer
studies may get affected by photo having heat without any
harmful effects.” ™

Additional Uses

Using an amino acid and a solvent, Huang et al. created
silver (Ag) nanosponges which is used as Raman effect
substrates to find minuscule concentrations of dangerous
antibiotics and chemical dyes. Using (R6G) as a form, the
effectiveness of surface increased Raman scattering was
investigated. The results showed that a particular silver
nano form showing good Raman effect. The detection of
pazufloxacin mesylate (PM) was facilitated by these
uniform nanosponges, which acted as Raman effect
showing adsorption form.

A gel based on hesperetin nanosponges was developed,
improved, and assessed by Rodrigues et al. extending
agents against swelling. When compared to pure drug and
physical combination, minute, orifice, circular dramatically
slowed down the liberation of Active constituent. There was
no sign of skin inflammation. Furthermore, rats treated with
hesperetin  showed 33.16% less suppression of
inflammation than the control group. Hesperetin
bioavailability issues were potentially resolved by using
nanosponges, which also reduced topical dissemination.?”
Utzeri et al. created their cyclodextrin-based nanosponges
to study the sequestrating action of imidacloprid. For the
preparation of nanosponges, two distinct linkers were
utilized: dodecane-1,12-diamine (am12) and (am6). A
Nanosponge containing Hexane-1,6-diamine (am6) offered
a better sorbent activity for imidacloprid.™

for the fluorescence detection of diclofenac, it is producing
cyclodextrin form of spongesacting as linker for crossing.
pyromellitic anhydride as a crosslinker. fluorescence tests
indicate that at an emission wavelength of about 423 nm, it
exhibits a sparking attraction for NSAID like acelofenac
different from codeine and other.”

The broad-spectrum mitigation capability of biologial layer
of cell covbered with nanoform, often referred to cell form
of nanosponges, is being utilized because it is challenging
to achieve with traditional countermeasure technology.
natural cell membranes are applied to the cores of synthetic
nanoparticles to form these biological nanosponges. cellular
nanosponges mimic the functions of real cells thanks to
surface receptors inherited from donor cells. the researchers
have used for biological neutralization. this idea states that

all poisons, regardless of their structural form or required to
interact with cells to be referred as bio active.’”®

FUTURE PERSPECTIVES

Pharmaceutical science has determined that the most
popular drug delivery method is nanosponges. The efficient
functionalization of nanosponges to lower toxicity, improve
selectivity, and enhance biosafety should be the main
emphasis of future study. It is possible to create new
nanosponges with a range of properties and
multifunctionality. More study is needed to focus towards
precise function of nanosponges using various constituents
like compounds exhibiting some fluorescence or particles
with nano size having good quality. To produce a system
providing good therapeutic conditions in terms of tumour
and their treatment. Further process is required to prove the
efficacy of sponges in nano form for proteins and peptides
for oral condition. In future tis nanotechnology technique
will be very effective for formation of nanosponges and to
prove their potential.” In Table 2, some patents related with
nanosponges formulation are showed.

CONCLUSION

Research has shown that nanosponge-based systemswhich
have been found to have exceptional porosity, simple
functionalization processes, unique topologies,
affordability, and environmental friendliness make
appealing replacements for targeted drug delivery. The
most frequently examined nanosponges in nanomedicine
are cyclodextrin ones because of their unique properties,
outstanding biocompatibility, minimal harm, and ease of
layer modification. By varying the concentration of
material with monomer units and the ratio of cross linking,
the right size can be achieved. Additionally, it protects them
from degradation and helps make a variety of poorly soluble
medications more soluble. Unlike other nanocarriers, the
nanosponges can be used for a wide range of purposes, such
as blood purification, targeting, enhancing dissolution rate
with physical and chemical stable form, reducing
degradation of active constituent, and boosting flexibility.
It is worthy that whereas nanosponges exhibit encouraging
outcomes in diverse domains such as system for delivering,
tumour with more investigation with advancement are
imperative for delineating characteristics, enhancing
efficacy with proper and safe applications.

REFERENCES

1. Swaminathan S, Vavia PR, Trotta F, Cavalli R,
Tumbiolo S, Bertinetti L, Coluccia S. Structural
evidence of differential forms of nanosponges of beta-
cyclodextrin and its effect on solubilization of a model
drug. Journal of Inclusion Phenomena and Macrocyclic
Chemistry. 2013;76(1-2):201-211. DOl:
10.1007/s10847-012-0192-y.

2. Yadav KK, Cabral-Pinto MM, Gacem A, Fallatah AM,
Ravindran B, Rezania S, Algethami JS, Bashier Eltayeb
L, Abbas M, Hassan Al-shareef T, Vinayak V, Truong
Son C, Awjan Alreshidi M, Manuel Rodriguez-Diaz J,
Homod RZ. Recent advances in the application of
nanoparticle-based strategies for water remediation as a

1IJDDT, Volume 14 Issue4, October - December 2024

Page 2529


https://doi.org/10.1007/s10847-012-0192-y

Nanosponges as a Revolutionary Drug Delivery Systems

novel clean technology—A comprehensive review.
Materials Today Chemistry. 2024;40°

3. Swaminathan S, Cavalli R, Trotta F, Ferruti P, Ranucci
E, Gerges |, Manfredi A, Marinotto D, Vavia PR. In
vitro release modulation and conformational
stabilization of a model protein using swellable
polyamidoamine nanosponges of [B-cyclodextrin.
Journal of Inclusion Phenomena and Macrocyclic
Chemistry. 2010;68(1-2):183-191. DOI:
10.1007/s10847-010-9765-9.

4. Patel EK, Oswal RJ. Nanosponge and micro sponges: a
novel drug delivery system. International Journal of
Research in Pharmacy and Chemistry. 2012;2(2):237-
244,

5. Swaminathan S, Pastero L, Serpe L, Trotta F, Vavia P,
Aquilano D, Trotta M, Zara G, Cavalli R. Cyclodextrin-
based nanosponges encapsulating camptothecin:
physicochemical  characterization, stability and
cytotoxicity. European Journal of Pharmaceutics and
Biopharmaceutics. 2010; 74(2):193-201.
DOI: 10.1016/j.ejpb.2009.11.003.

6. Shegokar R, Al Shaal L, Mitri K. Present status of
nanoparticle research for treatment of tuberculosis.
Journal of Pharmacy & Pharmaceutical Sciences.
2011;14(1):100-116.

7. Szejtli J. Past, present and future of cyclodextrin
research. Pure and Applied Chemistry. 2004;
76(10):1825-1845.

8. Lembo D, Cavalli R. Nanoparticulate delivery systems
for antiviral drugs. Antiviral Chemistry and
Chemotherapy. 2010;21(2):53-70.
DOI: 10.3851/IMP1684.

9. J A, Girigoswami A, Girigoswami K. Versatile
applications of nanosponges in biomedical field: a
glimpse on SARS-CoV-2 management.
BioNanoScience. 2022;12(3):1018-1031.

10. Trotta F, Zanetti M, Cavalli R. Cyclodextrin-based
nanosponges as drug carriers. Beilstein Journal of
Organic Chemistry. 2012; 8(1):2091-2099.

11.Sharma R, Walker RB, Pathak K. Evaluation of the
kinetics and mechanism of drug release from econazole
nitrate nanosponge loaded carbapol hydrogel. Indian
Journal of Pharmaceutical Education and Research.
2011;45(1):25-31.

12. Ansari KA, Vavia PR, Trotta F, Cavalli R.
Cyclodextrin-based nanosponges for delivery of
resveratrol: in  vitro characterisation, stability,
cytotoxicity and  permeation  study. AAPS
PharmSciTech. 2011;12(1):279-286.
DOI: 10.1208/s12249-011-9584-3.

13. Mostafavi E, Iravani S, Varma RS. Nanosponges: an
overlooked promising strategy to combat SARS-CoV-
2. Drug Discovery Today. 2022;27(10):103330

14, Swaminathan S, Vavia PR, Trotta F, Torne S.
Formulation of betacyclodextrin based nanosponges of
itraconazole. Journal of Inclusion Phenomena and
Macrocyclic Chemistry. 2007;57(1-4):89-94. DOI:
10.1007/s10847-006-9216-9.

15. Setijadi E, Tao L, Liu J, Jia Z, Boyer C, Davis TP.
Biodegradable star polymers functionalized with [3-

cyclodextrin inclusion complexes. Biomacromolecules.
2009; 10(9):2699-2707.

16.Tiwari K, Bhattacharya S. The ascension of
nanosponges as a drug delivery carrier: preparation,
characterization, and applications. Journal of Materials
Science. Materials in Medicine. 2022;33(3):28.
DOI: 10.1007/s10856-022-06652-9.

17. Ghurghure SM, Pathan MS, Surwase PR. Nanosponges:
A novel approach for targeted drug delivery system.
International ~ Journal of  Chemistry  Studies.
2018;2(6):15-23.

18.Iravani S, Varma RS. Nanosponges for drug delivery
and cancer therapy: recent advances. Nanomaterials.
2022;12(14):2440.

19. Hafiz MA, Ghauri MA, Abbas N, Hussain T, Bukhari
NI. Development of cervix-targeted hydrogel carrier for
carboplatin-loaded nanosponges: in-vitro and ex-vivo
evaluation. Journal of Drug Delivery Science and
Technology. 2023;84(84):104472.

20.Hao Y, Chen M, Wu Y, Dong Z, Zhu Y, Wang C, Li Q,
Yang Z, Liu Z, Feng L. CaCO3 based proton
nanosponge to potentiate immune checkpoint blockade
therapy by  synergistically  reversing  tumor
immunosuppression. Chemical Engineering Journal.
2023;462(462):142206. DOI:
10.1016/j.cej.2023.142206.

21. Anwer MK, Fatima F, Ahmed MM, Aldawsari MF,
Alali AS, Kalam MA, Alshamsan A, Alkholief M,
Malik A, Alanazi Az , Al-Shdefat R. Abemaciclib-
loaded ethylcellulose based nanosponges for sustained
cytotoxicity against MCF-7 and MDA-MB-231 human
breast cancer cells lines. Saudi Pharmaceutical Journal.
2022; 30(6):726-734.

22. Ahmed MM, Fatima F, Anwer MK, Ansari MJ, Das SS,
Alshahrani SM. Development and characterization of
ethyl cellulose nanosponges for sustained release of
brigatinib for the treatment of non-small cell lung
cancer. Journal of  Polymer  Engineering.
2020;40(10):823-832.

23.Mashagbeh H, Obaidat R, Al-Shar’i N. Evaluation and
characterization of curcumin-B-cyclodextrin  and
cyclodextrin-based nanosponge inclusion
complexation. Polymers. 2021;13(23):4073.

24.Sherje AP, Dravyakar BR, Kadam D, Jadhav M.
Cyclodextrin-based nanosponges: A critical review.
Carbohydrate Polymers. 2017;173(173):37-49.

25. Abou Taleb S, Moatasim Y, GabAllah M, Asfour MH.
Quercitrin loaded cyclodextrin based nanosponge as a
promising approach for management of lung cancer and
COVID-19. Journal of Drug Delivery Science and
Technology. 2022;77(77):103921.

26.Rodrigues K, Nadaf S, Rarokar N, Gurav N, Jagtap P,
Mali P, Ayyanar M, Kalaskar M, Gurav S. QBD
approach for the development of hesperetin loaded
colloidal nanosponges for sustained delivery: in-vitro,
ex-vivo, and in-vivo assessment. OpenNano.
2022;7(7):100045. DOI: 10.1016/j.0nan0.2022.100045.

27.Pawar S, Shende P. Dual drug delivery of cyclodextrin
cross-linked artemether and lumefantrine nanosponges
for synergistic action using 23 full factorial designs.

1IJDDT, Volume 14 Issue4, October - December 2024

Page 2530


https://doi.org/10.1007/s10847-010-9765-9
https://doi.org/10.1016/j.ejpb.2009.11.003
https://doi.org/10.3851/imp1684
https://doi.org/10.1208/s12249-011-9584-3
https://doi.org/10.1007/s10847-006-9216-9
https://doi.org/10.1007/s10856-022-06652-9
https://doi.org/10.1016/j.cej.2023.142206
https://doi.org/10.1016/j.onano.2022.100045

Nanosponges as a Revolutionary Drug Delivery Systems

Colloids and Surfaces. Part A, Physicochemical and
Engineering Aspects. 2020;602(602):125049.
28.Anandam S, Selvamuthukumar S. Optimization of
microwave-assisted  synthesis  of  cyclodextrin
nanosponges using response surface methodology.
Journal of Porous Materials. 2014;21(6):1015-1023.

29.Dai Y, Li Q, Zhang S, Shi S, Li Y, Zhao X, Zhou L,
Wang X, zZhu Y, Li W. Smart GSH/pH dual-
bioresponsive degradable nanosponges based on 3-CD-
appended hyper-cross-linked polymer for triggered
intracellular anticancer drug delivery. Journal of Drug
Delivery Science and Technology.
2021;64(64):102650. DOI:
10.1016/j.jddst.2021.102650.

30. Farsana P, Sivakumar R, Haribabu Y. Hydrogel based
nanosponges drug delivery for topical applications-A
updated review. Research Journal of Pharmacy and
Technology. 2021;14(1):527-530.

31. Tejashri G, Amrita B, Darshana J. Cyclodextrin based
nanosponges for pharmaceutical use: a review. Acta
Pharmaceutica. 2013; 63(3):335-358.

32. Selvamuthukumar S, Anandam S, Krishnamoorthy K,
Rajappan M. Nanosponges: A novel class of drug
delivery system-review. Journal of Pharmacy &
Pharmaceutical Sciences. 2012;15(1):103-111.

33. Kaur S, Kumar S. The nanosponges: an innovative drug
delivery system. Asian Journal of Pharmaceutical and
Clinical Research. 2019;12(7):60-67.

34.Bhowmik H, Venkatesh DN, Kuila A, Kumar KH.
Nanosponges: a review. International Journal of
Applied Pharmaceutics. 2018;10(4):1-5.

35.Guo J, Xiao Y, Lin Y, Crommen J, Jiang Z. Effect of the
crosslinker type on the enantioseparation performance
of B-cyclodextrin functionalized monoliths prepared by
the one-pot approach. Journal of Chromatography. A.
2016;1467(1467):288-296.

DOI: 10.1016/j.chroma.2016.05.078.

36. Girek T, Ciesielski W. Polymerization of B-cyclodextrin
with maleic anhydride along with thermogravimetric
study of polymers. Journal of Inclusion Phenomena and
Macrocyclic Chemistry. 2011;69(3-4):445-451.

37.Tayade P, Modi A. A comparative solubility
enhancement profile of valdecoxib with different
solubilization  approaches. Indian  Journal  of
Pharmaceutical Sciences. 2007;69(2). DOl:
10.4103/0250-474X.33156

38. Layre AM, Gref R, Richard J, Requier D, Chacun H,
Appel M, Domb AJ, Couvreur P. Nanoencapsulation of
a crystalline drug. International Journal of
Pharmaceutics. 2005; 298(2):323-327.

39.Vyas A, Saraf S, Saraf S. Cyclodextrin based novel drug
delivery systems. Journal of Inclusion Phenomena and
Macrocyclic Chemistry. 2008;62(1-2):23-42.

40.Challa R, Ahuja A, Ali J, Khar RK. Cyclodextrins in
drug delivery: an updated review. AAPS
PharmSciTech. 2005;6(2):E329-E357.

41. Shringirishi M, Prajapati SK, Mahor A, Alok S, Yadav
P, Verma A. Nanosponges: a potential nanocarrier for
novel drug delivery-a review. Asian Pacific Journal of

Tropical Disease. 2014;4:5519-S526. DOI:
10.1016/52222-1808(14)60667-8”

42. Kfoury M, Landy D, Fourmentin S. Characterization of
cyclodextrin/volatile inclusion complexes: a review.
Molecules. 2018;23(5):1204.

43.Mura P. Analytical techniques for characterization of
cyclodextrin complexes in the solid state: a review.
Journal of Pharmaceutical and Biomedical Analysis.
2015;113(113):226-238.

44. Matencio A, Dhakar NK, Bessone F, Musso G, Cavalli
R, Dianzani C, Garcia-Carmona F, Lépez-Nicolas JM,
Trotta F. Study of oxyresveratrol complexes with
insoluble cyclodextrin based nanosponges: developing
a novel way to obtain their complexation constants and
application in an anticancer study. Carbohydrate
Polymers. 2020;231(231):115763.
DOI: 10.1016/j.carbpol.2019.115763.

45.Chen W, Liu P. Fluorescent carbon quantum dots-based
prodrug nanosponges with outstanding tumor-specific
drug delivery and imaging. Advanced Powder
Technology. 2022;33(11):33(11):103816.

46. Gangadharappa HV, Chandra Prasad SM, Singh RP.
Formulation, in vitro and in vivo evaluation of
celecoxib nanosponge hydrogels for topical
application. Journal of Drug Delivery Science and
Technology. 2017;41:488-501

47.Kumar S, Jangir BL, Rao R. A new perspective for
psoriasis: dithranol nanosponge loaded hydrogels.
Applied Surface Science Advances.
2022;12(12):100347. DOl:
10.1016/j.apsadv.2022.100347.

48. Monfared YK, Mahmoudian M, Caldera F, Pedrazzo
AR, Zakeri-Milani P, Matencio A, Trotta F. Nisin
delivery by nanosponges increases its anticancer
activity against in-vivo melanoma model. Journal of
Drug  Delivery  Science and  Technology.
2023;1(79):104065.

49.Hammad RW, Sanad RA, Abdelmalak NS, Latif R.
Architecting novel multilayer nanosponges for co-
administration of two drugs managing high-risk type Il
diabetes mellitus patients suffering from cardiovascular
diseases. International Journal of Biological
Macromolecules. 2022;220(220):1429-1443.

50. Srivastava S, Mahor A, Singh G, Bansal K, Singh PP,
Gupta R, Dutt R, Alanazi AM, Khan AA, Kesharwani
P. Formulation development, in vitro and in vivo
evaluation of topical hydrogel formulation of econazole
nitrate-loaded B-cyclodextrin nanosponges. Journal of
Pharmaceutical Sciences. 2021;110(11):3702-3714.
DOI: 10.1016/j.xphs.2021.07.008.

51. Mendes C, Meirelles GC, Barp CG, Assreuy J, Silva
MA, Ponchel G. Cyclodextrin based nanosponge of
norfloxacin: intestinal permeation enhancement and
improved  antibacterial  activity.  Carbohydrate
Polymers. 2018;195(195):586-592.

52. Trotta F, Dianzani C, Caldera F, Mognetti B, Cavalli R.
The application of nanosponges to cancer drug delivery.
Expert Opinion on Drug Delivery. 2014;11(6):931-941.

1IJDDT, Volume 14 Issue4, October - December 2024

Page 2531


https://doi.org/10.1016/j.jddst.2021.102650

Nanosponges as a Revolutionary Drug Delivery Systems

53.Minelli R, Cavalli R, Ellis L, Pettazzoni P, Trotta F,
Ciamporcero E, Barrera G, Fantozzi R, Dianzani C, Pili
R. Nanosponge-encapsulated camptothecin exerts anti-
tumor activity in human prostate cancer cells. European
journal of pharmaceutical sciences. 2012;47(4):686-
694.

54.Heel RC, Brogden RN, Speight TM, Avery GS.
Tamoxifen: a review of its pharmacological properties
and therapeutic use in the treatment of breast cancer.
Drugs. 1978;16(1):1-24.

55. Asakiya C, Zhang Y, Zhu L, Ackah M, Tavakoli S, Zhu
L, Huang K, Xu W. Self-assembled pH-responsive
DNA nanosponges for targeted co-delivery of
doxorubicin and capsaicin for colorectal cancer therapy.
Biochemical Engineering Journal.
2023;195(195):108926. DOl:
10.1016/j.bej.2023.108926.

56. Ahmed MM, Fatima F, Anwer MK, Ibnouf EO, Kalam
MA, Alshamsan A, Aldawsari MF, Alalaiwe A, Ansari
MJ. Formulation and in vitro evaluation of topical
nanosponge-based gel containing butenafine for the
treatment of fungal skin infection. Saudi Pharmaceutical
Journal. 2021;29(5):467-477.

57.Lembo D, Swaminathan S, Donalisio M, Civra A,
Pastero L, Aquilano D, Vavia P, Trotta F, Cavalli R.
Encapsulation of acyclovir in new carboxylated
cyclodextrin-based nanosponges improves the agent’s
antiviral  efficacy.  International ~ Journal  of
Pharmaceutics. 2013;443(1-2):262-272.

58.Rao L, Xia S, Xu W, Tian R, Yu G, Gu C, Pan P, Meng
QF, Cai X, QuD, Lu L XieY,Jiang S, Chen X. Decoy
nanoparticles  protect against COVID-19 by
concurrently adsorbing viruses and inflammatory
cytokines. Proceedings of the National Academy of
Sciences of the United States of America. 2020;
117(44):27141-27147.

DOI: 10.1073/pnas.2014352117.

59. Ai X, Wang D, Honko A, Duan Y, Gavrish |, Fang RH,
Griffiths A, Gao W, Zhang L. Surface glycan
modification of cellular nanosponges to promote SARS-
CoV-2 inhibition. Journal of the American Chemical
Society. 2021 14" Oct;143(42):17615-17621.

60. Rao M, Bajaj A, Khole I, Munjapara G, Trotta F. In vitro
and in vivo evaluation of P-cyclodextrin-based
nanosponges of telmisartan. Journal of Inclusion
Phenomena and Macrocyclic Chemistry. 2013;77(1-
4):135-145.

61. Alongi J, Poskovic M, Frache A, Trotta F. Role of B-
cyclodextrin nanosponges in polypropylene
photooxidation.  Carbohydrate  Polymers. 2011,
86(1):127-135. DOI: 10.1016/j.carbpol.2011.04.022.

62. Klibanov AM, Schefiliti JA. On the relationship
between conformation and stability in solid
pharmaceutical protein formulations. Biotechnology
Letters. 2004;26(14):1103-1106.

63.Kroll AV, Fang RH, Zhang L. Biointerfacing and
applications of cell membrane-coated nanoparticles.
Bioconjugate Chemistry. 2017 ;28(1):23-32.

64.Yoo JW, Irvine DJ, Discher DE, Mitragotri S. Bio-
inspired, bioengineered and biomimetic drug delivery

carriers.  Nature Reviews. Drug Discovery.
2011;10(7):521-535. DOI: 10.1038/nrd3499.
65.Peppas NA. Intelligent therapeutics: biomimetic

systems and nanotechnology in drug delivery.
Advanced Drug Delivery Reviews. 2004;56(11):1529-
1531.

66. Fang RH, Jiang Y, Fang JC, Zhang L. Cell membrane-
derived nanomaterials for biomedical applications.
Biomaterials. 2017;128(128):69-83.
DOI: 10.1016/j.biomaterials.2017.02.041.

67.Sellergren B, Allender CJ. Molecularly imprinted
polymers: A bridge to advanced drug delivery.
Advanced Drug Delivery Reviews. 2005;57(12):1733-
1741.

68.Hu CM, Fang RH, Copp J, Luk BT, Zhang L. A
biomimetic nanosponge that absorbs pore-forming
toxins. Nature Nanotechnology. 2013;8(5):336-340.

69. Lapek Jr JD, Fang RH, Wei X, Li P, Wang B, Zhang L,
Gonzalez DJ. Biomimetic virulomics for capture and
identification of cell-type specific effector proteins.
ACS Nano. 2017; 11(12):11831-11838.

70.Jiang Y, Fang RH, Zhang L. Biomimetic nanosponges
for treating antibody-mediated autoimmune diseases.
Bioconjugate Chemistry. 2018;29(4):870-877.
DOI: 10.1021/acs.bioconjchem.7b00814.

71.Copp JA, Fang RH, Luk BT, Hu CM, Gao W, Zhang K,
Zhang L. Clearance of pathological antibodies using
biomimetic nanoparticles. Proceedings of the National
Academy of Sciences of the United States of America.
2014;111(37):13481-13486.

72.Chhabria V, Beeton S. Development of nanosponges
from erythrocyte ghosts for removal of streptolysin-O
from mammalian blood. Nanomedicine. 2016
;1;11(21):2797-2807. DOI: 10.2217/nnm-2016-0180.

73.Jaque D, Martinez Maestro L, del Rosal B, Haro-
Gonzalez P, Benayas A, Plaza JL, Martin Rodriguez E,
Garcia Solé J. Nanoparticles for photothermal therapies.
Nanoscale. 2014;6(16):9494-9530.

74.JinY, Liang L, Sun X, Yu G, Chen S, Shi S, Liu H, Li
Z, Ge K, Liu D, Yang X, Zhang J. Deoxyribozyme-
nanosponges for improved photothermal therapy by
overcoming thermoresistance. NPG Asia Materials.
2018;10(5):373-384. DOI: 10.1038/s41427-018-0040-
7.

75.Huang Q, Wei W, Wang L, Chen H, Li T, Zhu X, Wu
Y. Synthesis of uniform Ag nanosponges and its SERS
application. Spectrochimica Acta. Part A, Molecular
and Biomolecular Spectroscopy. 2018;201(201):300-
305.

76. Utzeri G, Murtinho D, Maria TM, Pais AA, Sannino F,
Valente AJ. Amine-B-cyclodextrin-based nanosponges.
The role of cyclodextrin amphiphilicity in the
Imidacloprid uptake. Colloids and Surfaces. Part A,
Physicochemical and Engineering Aspects.
2022;635(635):128044.

77.Nazerdeylami S, Ghasemi JB, Mohammadi Ziarani
GM, Amiri A, Badiei A. Direct monitoring of
diclofenac using a supramolecular fluorescent approach
based on pB-cyclodextrin nanosponge. Journal of
Molecular Liquids. 2021;336(336):116104.

1IJDDT, Volume 14 Issue4, October - December 2024

Page 2532



Nanosponges as a Revolutionary Drug Delivery Systems

78.Wang S, Wang D, Kai M, Shen WT, Sun L, Gao W, Cavalli R. Nanosponges as protein delivery systems:
Zhang L. Design strategies for cellular nanosponges as insulin, a case study. International Journal of
medical countermeasures. BME Frontiers. Pharmaceutics. 2020;590(590):119888.
2023;4(4):0018. DOI: 10.34133/bmef.0018. DOI: 10.1016/j.ijpharm.2020.119888.

79. Appleton SL, Tannous M, Argenziano M, Muntoni E,
Rosa AC, Rossi D, Caldera F, Scomparin A, Trotta F,

IJDDT, Volume 14 Issue4, October - December 2024 Page 2533



