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ABSTRACT :

Recent achievements in nanotechnology have led to the development of the target system of drug delivery. However, targeting a molecule to a particular Site using
a drug delivery system effectively requires a specialized drug delivery system. The discovery of Nano sponge has become a significant step in overcoming
certain problems such as drug toxicity, poor bioavailability and release of drug in a predictable fashion as they can accommodate both hydrophilic and
hydrophobic drug. The nano sponge is essentially a porous structure, which has a unique ability to capture pieces of medicine and ensures the dignity of liberation
of desire. Nano sponges are tiny sponges that can circulate in the body to reach the specific site and binds on the surface to release the drug in a controlled and
predictable manner. Nano sponges can be formulated by stitching cyclohexa tricks with carbonyl or decarboxylase (cross -linener). Nano sponge’s technology has
been used widely for the delivery of drugs for oral administration, topical Administration, and parental administration. Nano sponges can also serve as an effective
carrier for enzyme, proteins, vaccine and antibodies.

Keywords : Nanotechnology, Nano sponge, drug delivery, bioavailability, topical, parental, administration, hydrophilic, hydrophobic, enzyme, proteins,
antibodies, body, release.

INTRODUCTION :

The last two decades have witnessed an increase in fungal infection. Fungal infections are emergent diseases in hospital institutions. Bacteraemia and
fungaemia are among the most frequent hospital-acquired infections. By performing this project based purely on drugs which contribute a newer, safer
and efficient drug therapy against one of the most infectious disease i.e. Fungal disease This is increasing in very high ratio due to certain reason including
opportunistic infection. Fungal infection caused by Candida has become more prevalent than Escherichia coli and Pseudomonas sp, Asprgellosis sp. and
other sp. it is now the fourth most common fatal infection in the world. Candidiasis is also directly associated with the severity of illness. Candidiasis is
most commonly encountered Opportunistic mycosis fungal infection worldwide. The most prevalent species in the genus that has been linked to
candidiasis is Candida albicans. Infections can range from skin infections to systemic illnesses. A contemporary class of material, nano sponge is
composed of minuscule particles having a tiny, nanometer-wide cavity. A variety of materials can be used to fill these little cavities. Drug delivery using
nanosponge is non-toxic, non-mutagenic, and non-irritating. Nano sponges aid in the body's removal of venomous and harmful substances. Drug
distribution via nanosponge reduces adverse effects. Improved formulation flexibility and stability are two benefits of using nanosponges. Additionally,
lower the frequency of doses and improve patient adherence. The entire plant Catharanthus roseus is a member of the Apocynaceae family. It is primarily
found in tropical and subtropical regions of Australia, Europe, the United States, and South Africa. It is primarily found in the southern and northeastern
Indian states. It grows there. Catharanthus roseus grows up to 500 meters in India. The goal of the current study was to develop a green, non-hazardous
control method for phytopathogenic fungus. The antifungal properties of Catharanthus roseus leaf aqueous ethanolic extract and its various solvent
fractions were examined. The antifungal activity of chloroform was the highest. According to the inquiry, the active ingredient that was separated from
C. roseus may be a useful formulation to prevent fungal infections in plants.

Taxonomical characters of Catharanthus roseus (Vinca) :

Gentianales is the order;

Apocynaceae is the family;

Apocynoideae is the subfamily;

Catharantus is the genus;

Catharantus Roseus is the species;

Kingdom: Plantae;

Clade: Angiosperms;

Clade: Eudicots;

Clade: Asterids;
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Vinca's general view for Species and Genus :-
* Vinca minor — lesser periwinkle.
* Vinca major — greater periwinkle.

Synonyms are:

Vinca rosea.
The Acokanthera rosea Lochnera rosea.

Typical names includes:- ( Common Name )
Rose Periwinkle,

West Indian Periwinkle,

Cayenne Jasmine,

Madagascar Periwinkle Old Maid and
Sadabahar.

The biological source of vinca is as following :-
Biological source is the dried whole plant of Catharanthus roseus Linn, which is a member of the Apocynaceae family.

Geographic Source :-
Native to Madagascar, the plant is widespread throughout North and South America, particularly in Australia, India, and South Africa. The plant is grown
as a garden plant in India and Europe.

An explanation of botany :

Seven to twenty-four inches tall
1-2 feet in spread

Low-growing plant habit
Moderate plant density

The texture is leathery

Rate of growth: quick

* Folage

Plans for leaves: the opposing plans
The oval-shaped leaves

Margin of leaves: complete;
venation of leaves: pinnate
Deciduous leaves persistence
length of leaves blade: 2 to 4 inches
Color of leaves: dark green
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* Flowers Blooms

Colour — pink, white, purple

Shape — star shaped blooms
Characteristic - year-round flowering

* Fruit

Fruit colour: green

Fruit shape - dry one-celled pods
Fruit length - 10-30 mm

Fruit cover - dry or hard

Texture - medium

* Stems & Branches

Colour - rosy purple on stems

Current year stem/twig colour - green
Current year stem/twig thickness - medium

* Tradition

Light requirement - plant grows in part shade/part sun
Soil tolerances - clay; sand; acidic; slightly alkaline; loam
Drought tolerance - high

Soil salt tolerances - unknown

Plant spacing - 12 to 18 inches

Additional noteworthy aspects of Vinca :

Vinca also has the noteworthy quality of releasing a milky fluid when broken.
Despite being invasive, several species are commonly employed as ground cover in gardens.

Even in extreme heat, this plant blossoms.
They have a reputation for being able to tolerate drought.
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Medical Characteristics :
Health Benefits:

1. Anti-Cancer:

Catharantus roseus yields the alkaloids vinblastine and vincristine, which are used in chemotherapy to treat a variety of malignancies, including lymphoma
and leukemia.

Vinorelbine is used to treat lung cancer that is not small-cell.

Other applications include treating coughs and relieving lung congestion.
They also act as a diuretic by promoting the output of urine, which decreases fluid retention.

2. Diabetic prevention:
Low Blood Sugar Impacts:

Pharmacological research has examined the hypoglycemic action of alkaloids extracted from roseus, and a plant-based medication known as Vinculin
has been sold as a diabetes treatment.

3. Antibacterial Medication :
Research has indicated that C. roseus extracts made with solvents such as methanol, ethanol, acetone, and chloroform have antibacterial properties against
a range of pathogens, including the bacterium Escherichia coli, Vibrio cholerae, Staphylococcus aureus, and Streptococcus faecalis.

4. Counteracting hypertension:

Certain alkaloids found in vinca, such as reserpine, have been shown to have antihypertensive properties, meaning they can lower blood pressure. Some
studies have looked into the potential effects of vinca plant leaf extracts on blood pressure management. For example, one study showed that giving
fructose-induced hypertension rats water extracts of Catharanthus roseus leaves markedly decreased their blood pressure.

Roseus may have qualities that help control high blood pressure, according to these studies.

5. Inhibits inflammation:

Through a variety of methods, such as regulating cytokine synthesis, periwinkle has shown anti-inflammatory qualities. It may also serve as a source for
the creation of novel anti-inflammatory medications. Among the many bioactive substances found in the plant are alkaloids with anti-inflammatory
properties, such as vinblastine and vincristine. Furthermore, it has been discovered that C. roseus extracts have antioxidant qualities that may aid in
lowering inflammation.

6. Healing of wounds:

Catharanthus roseus, also referred to as rosy periwinkle, exhibits a number of therapeutic benefits associated with wound healing, such as promoting the
formation of tissue granulation, increasing tensile strength, and speeding up wound contraction. In animal experiments, plant extracts, particularly those
from the flowers and leaves, have demonstrated these wound-healing properties.

Vinca's toxicological investigations:
Vincristine and vinblastine are the main indole alkaloids that cause vinca poisoning. These substances impair the production of microtubules, which

results in cell death and impacts many organ systems. With greater ingestions, symptoms are more likely to be severe and might vary from neurological
to gastrointestinal problems.
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The cardiovascular, hematologic, renal, pulmonary, peripheral and central nervous, and other organ systems are also impacted by vinca alkaloids'
toxicity.

The mechanism of action of Catharanthus roseus (Vinca) extract and its potential:

The periwinkle plant, Catharanthus roseus, contains vinca alkaloids that function by interfering with the process of cell division. By attaching
themselves to tubulin, a protein that forms microtubules, they stop the mitotic spindle—a structure necessary for cell division—from forming. They
function as anticancer medicines because this disruption stops cell division, which results in apoptosis or cell death.

1. Tubulin Binding:
Vinca alkaloids prevent microtubules from forming inside the mitotic spindle, which stops cell division. By attaching themselves to tubulin, they
prevent it from polymerizing from soluble dimers into microtubules.

2. Disruption of Microtubules:

Vinca alkaloids attach to tubulin and stop it from polymerizing, which stops microtubule construction and results in mitotic arrest during the M-phase.
Vinca alkaloids have an impact on other stages of the cell cycle in addition to mitosis since microtubules are essential for a number of cellular
functions, including preserving cell shape, permitting motility, and promoting intracellular transport.

3. Mitotic Arrest:
In order to affect the mitotic spindle, a structure that separates chromosomes during cell division, vinca alkaloids interfere with microtubule production.
Cells in the metaphase stage of mitosis are consequently stopped.

4. Death of Cells:
occurs when the mitotic spindle is disrupted, which stops mitotic progression and, eventually, stops cell division.

Prospective Potential applications:

One significant class of anticancer medications is vinca alkaloids.

They are utilized in chemotherapy to treat a variety of malignancies.

Both high blood pressure and diabetes are treated with them.

Vinca has been used to treat a number of conditions, such as intestinal irritation, fever, sore throat, and malaria.

Angina, hypertension, myocardial infarction, and vaso occlusive problems are among the cardiotoxic effects of some vinca alkaloids.

Nanoparticles:
A Comprehensive Overview :-

Any particle with at least one dimension between one and one hundred nanometers is considered a nanoparticle. They differ from their bulk
counterparts in terms of their physical, chemical, and biological characteristics because of their small size. A high surface area-to-volume ratio,
enhanced reactivity, and molecular-level interaction with biological systems are some of these characteristics. Nanoparticles are used to improve the
mechanical strength, barrier qualities, and antimicrobial activity of packaging materials used in food packaging. To produce nanocomposites with
enhanced performance and sustainability, they can be mixed with a variety of matrices, such as biopolymers. The use of nanoparticles into packaging
materials is intended to increase food safety, decrease food waste, and prolong the shelf life of food goods.

Various kinds of nanoparticles :

One can categorize nanoparticles according to their source, composition, and structure:-



International Journal of Research Publication and Reviews, Vol (6), Issue (5), May (2025) Page — 2611-2625 2616

Carbon-based substances:
It including liposomes, dendrimers, and micelles make up organic nanoparticles.

Inorganic Nanoparticles:
These are composed of metals or metal oxides, such as silica (SiO2), titanium dioxide (TiO2), zinc oxide (ZnO), and silver (AgNPs).

Polymerized Nanoparticles:
Made of synthetic or natural polymers such as polylactic acid (PLA), polyvinyl alcohol (PVA), and chitosan.

Carbon-based nanoparticles consist of:
They includes, fullerenes, graphene oxide, and carbon nanotubes (CNTS).

Nanoparticles that are hybrid:

Combinations of organic and inorganic materials, such as AGQNPs embedded in silica matrix, are known as hybrid nanoparticles.

For particular food packaging applications, different types of nanoparticles can be chosen according to the necessary qualities and each has unique
advantages.

Nanoparticle Applications :
Nanoparticles are used in a wide range of industries :-

-Medicine: Tissue engineering, drug delivery methods, and diagnostic imaging.

-Electronics: memory devices, sensors, and semiconductors.

-Power: fuel cells, batteries, and solar cells.

-Environmental Science: Pollution prevention, soil repair, and water purification.

-Food packaging: extending shelf life, offering antibacterial qualities, and facilitating intelligent packaging options.

Nanoparticles are used in food packaging to enhance the antibacterial activity, mechanical strength, and barrier qualities of packaging materials. They
can be mixed with different matrices, such as biopolymers, to produce nanocomposites that are more sustainable and perform better. To increase food
product shelf life, decrease food waste, and guarantee food safety, nanoparticles are being included into packaging materials.

-Food Packaging Features of Nanoparticles:

Incorporating nanoparticles to food packaging materials has a number of benefits.A

-Enhanced Barrier Properties:
The shelf life of food goods is increased by nanoparticles' improved barrier properties, which increase the materials' resistance to gasses, moisture, and
UV light.

-The antibacterial activity:
Antibacterial of nanoparticles, such as zinc oxide and silver, helps to lower spoilage microorganisms and foodborne pathogens.

- Proactive Packaging:
Use of nanoparticles can create packaging that interacts with the food item, such as moisture regulators or oxygen scavengers.

-Creative Packaging :
Incorporation of sensors at the nanoscale allows for real-time monitoring of food quality, including freshness indicators and temperature sensors.

-Biological Degradation :
Nanocomposites made from natural polymers and nanoparticles are biodegradable, offering an eco-friendly alternative to conventional plastics.
These benefits contribute to the development of innovative packaging solutions that meet the growing demands of the food indu stry.
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Environmental Implication of Nanoparticles:

Because of their special qualities, nanoparticles have demonstrated a great deal of promise in environmental rehabilitation.

Water purification:

Nanoscale zero-valent iron (nZV1) particles are useful for eliminating organic pollutants and heavy metals from water sources. They convert poisonous
compounds into less toxic forms by means of reduction processes.

Carbon Nanotubes (CNTs)- Because of their large surface area and functional groups, CNTs can adsorb a variety of contaminants, including organic
chemicals and heavy metals.

Nanoparticle Mediated Phytoremediation:
This method of soil remediation involves the removal of pollutants from the soil by improving the uptake of toxins by plants.

In Situ Remediation:
To break down contaminants at their source, nanoparticles can be introduced into polluted soil.

Purification of the Air :

Nanocatalysts: By acting as catalysts, nanoparticles can improve air quality by breaking down airborne contaminants.
Nanostructured Filters: Toxic gasses and fine particles can be captured by filters made of nanomaterials.

Techniques for Nanoparticle Synthesis:

Techniques for creating nanoparticles can be broadly divided into two categories:
top-down and bottom-up.

a. Methods from the Top Down

The process of mechanical milling involves physically breaking down bulk materials into nanoparticles.

Laser Ablation: A laser is used to create nanoparticles by vaporizing a substance.

a. Bottom-Up Approaches

The process of chemical vapor deposition (CVD) creates solid nanoparticles on a substrate by reacting vapor-phase precursors.
The Sol-Gel Process: A chemical solution is polymerized to create a gel, which is subsequently dried to create nanoparticles.

Hydrothermal Synthesis: In an enclosed container, nanoparticles are created at high temperatures and pressures.
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Sonoelectrodeposition: This method creates nanoparticles by combining electrodeposition with ultrasound.
Nanosponges : An Overview

The creation of novel, intricate molecules known as nanosponges holds promise for resolving these issues. Made of small particles having cavities that
are only a few nanometers across, nanosponges are a novel class of materials that can encapsulate a wide range of compounds. These particles can
transport hydrophilic and lipophilic materials and increase the solubility of molecules that are not very soluble in water. Porous nanoparticles with pore
diameters of 1-2 nanometers, known as nanosponges, are frequently made from carbon-containing polymers. They are made to absorb trace levels of
poisons or other materials. They are used in medicine delivery, medical therapies, and environmental remediation. Tiny mesh-like structures called
nanosponges have the potential to completely change the way many diseases are treated. According to preliminary research, this technology can transport
medications for cancer treatment and antifungal activity up to five times more effectively. superior drug delivery compared to traditional techniques. The
drug molecules are encapsulated within the center of the nanosponges, which are encapsulating nanoparticles. The nanoparticles can be categorized as
encapsulating, complexing, or conjugating nanoparticles based on how they associate with pharmaceuticals. The nanosponges and nanocapsules are
examples of the first category. Alginate nanoparticles, which resemble sponges and have several holes, are examples of nanosponges that transport
medicinal molecules. Nanoparticles are also encapsulated in nanocapsules like poly(isobutyl-cyanoacrylate) (IBCA). Their watery core has the ability to
capture medicinal molecules. The second group consists of complexing nanoparticles, which use electrostatic charges to draw molecules to them.
Conjugating nanoparticles, the third kind, form covalent connections with medications. These nanosponges are an innovative class of nanoparticles that
are often derived from natural sources. In contrast to the other nanoparticles, they are porous, non-toxic, stable at temperatures as high as 300°C, and
insoluble in both water and organic solvents.

Membrane-active
& Vvenomous proteins

Polymeric Core

=~ Supported RBC
Membrane

Benefits of Nanosponges:

A. Applications in the Environment

-Oil Spill Cleaning: Oil and other hydrophobic materials can be adsorbed by nanosponges, which helps clean up oil spills.

-Heavy Metal Removal: By eliminating heavy metals from wastewater, they can stop aquatic species from bioaccumulating these metals.
b. Applications in Healthcare

-Drug Delivery: By encasing medications, nanosponges can target particular bodily locations and provide controlled release.

-Toxin Absorption: They are capable of absorbing toxins, such as bacterial or snake venom, and counteracting their effects.

Techniques for Synthesising Nanosponge :

Nanosponges can be made using a variety of methods:

-Polymerization:
This procedure forms a network of monomers that are cross-linked to form porous structures.

-Solvent Evaporation:
Removal of solvents from a solution containing the polymer and cross-linking agent leaves behind nanosponges.
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-Template Assisted Methods:
The nanosponges are molded using templates, and they are subsequently extracted to exit the porous structure.

The attributes of nanosponges :

Nanosponges have special characteristics -

High Surface Area: A significant surface area for adsorption is made possible by their porous structure.

They are generally non-toxic and compatible with biological systems, which is known as biocompatibility.

They are able to release compounds that have been enclosed in a controlled way.

Their surface can be altered to improve particular interactions, which is known as functionalization.

Fungal Infections :

Now a days, fungal infections of skin is one of the most common dermatological problems in world wide. It has been investigated that 40 million
people suffer from fungal infections. Fungal infections are caused by a fungus, a type of microorganism. Fungal infections are also called mycosis, is a
skin disease caused by a fungus and a type of microorganisms. There are millions of species of fungi, fungi can live in the air, soil, water, plants and
also live-in human body. Additionally, they can result in skin issues like pimples or rashes. There are various types of fungal infections, including jock

itch, sports foot, ringworm, and yeast infections. Certain fungus, like Aspergillus, can be harmful and cause serious illnesses. It is possible for fungus
diseases to transfer from one individual to another.

Fungal Infection on Human Skin

Common symptoms includes :
®  Skin texture changes, including red and cracking or peeling skin

® |Itching

e  Swelling



International Journal of Research Publication and Reviews, Vol (6), Issue (5), May (2025) Page — 2611-2625 2620

(] Irritation

Types of fungal infections :
Ringworms of the body (Tinea corporis)

2. Athlete’s foot (Tinea pedis)

3. Jock itch (Tinea cruris)

4. Ringworm of the scalp (Tinea capitis)
5. Tinea versicolor

6.  Cutaneous candidiasis
Ringworm of the Body (Tinea Corporsis)

7.  Psoriasis

8.  Nail Psoriasis and Onychomycosis.

Among the benefits of topical therapy for fungal infections :
. Its ability to target the infection location.
. Boosts treatment effectiveness.
e The systemic side effects are lessened.
. Boost the level of patient adherence.

The function of Catharanthus roseus in the management of fungal infections:

Antifungal activity against Aspergillus niger, Fusarium moniliforme, Aspergillus fumigatus, and Candida albicans is demonstrated by an extract of
vinca plant leaves. The paper disc diffusion method is used to investigate the antifungal effectiveness of vinca plants. Water, ethanol, and acetone
are the three extraction media employed in this experiment. The antifungal activity of vinca's ethanolic extract is superior to that of its actonic
extract.

Other advantages includes :

WOUND HEALING ACTIVITY:

Vinca flower extract promotes faster wound epithelialization and increases tensile strength and contraction in the area where wound healing is
being managed topically.

ANTI-DIABETIC ACTIVITY:

Vinca alkaloids are an excellent way to prevent diabetes. High doses of alcoholic extracts of the entire plant Vinca rosea demonstrated strong
antihyperglycemic effect, according to a study done in rats with alloxan-induced diabetes. Additionally, when streptozotocin-induced diabetic wistar
rats were given an ethanolic extract of vinca, the animals' intracellular calcium and insulin release levels exhibited a strong positive association.

ANTI-INFLAMMATORY:
Leaves have the potential to lessen skin irritation.

Nano sponges as carrier in treatment of fungal infection :

Nanosponges could enhance the administration of antifungal medications to the infection site because of their vast surface area, biocompatibility, and
capacity to selectively absorb and retain different compounds. According to physicochemical analyses, nano sponges exhibit drug-encapsulation,
polymer-drug compatibility, and the non-crystalline condition of the drug in the spherical form. optimized using the same quantity of gel that was added.
Studies on viscosity, spreadability, flux, drug diffusion, antifungal activity, stability, and skin irritation were conducted on loaded-based gel. Topical gels
release drugs more effectively. The greatest benefit is targeted medication release. efficient topical administration of medication to the intended place of
action. The gel might work well against harmful strains of fungi. In addition to their commercial use as consumer products, nanosponges are widely
employed for the efficient treatment of infectious disorders. When it comes to treating psoriasis, nanosponges improved drug solubility, bioavailability,
and efficacy. Nanocarriers' enhanced penetrability and passive aggregation at the target location make them more noticeable in topical delivery systems.
With the primary goal of delivering a therapeutically effective concentration of medication in the skin or mucosal layers, topical drug delivery systems
(TDDS) are readily made in liquid, solid, and semisolid dose forms. Excellent outcomes were obtained when antifungal medications were integrated into
nanocarriers as opposed to traditional drug carriers. The current study aimed to create loaded nanosponges for extended drug release and penetration into
the polymeric gel. The created formulation might improve the drug's penetration deeper into the epidermis, thereby eliminating fungal infections of the
dermal region and potentially stopping their cyclic recurrence.
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Cellular Nano Sponge
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Conclusion :

Nanosponges are one of the most effective novel drug delivery methods under investigation because they can transport hydrophilic or lipophilic
medications and release them at the intended site in a predictable and controlled way. The ratio of polymer to crosslinker can be changed to alter the
particle size and release rate. Nanosponges shield the active ingredients from physicochemical deterioration while facilitating the release of insoluble
medications. Their foundation consists of nano, polymer-based spheres that have the ability to suspend or trap a variety of substances before being
combined to create a finished product, such as a gel, lotion, cream, ointment, liquid, or powder. Because chemicals can be trapped using this technology,
there are less negative effects, higher stability, more elegance, and more formulation flexibility. In addition to being used for oral drug delivery using
bioerodible polymers, especially for colon specific delivery and controlled release drug delivery systems, nanosponges can be successfully integrated into
topical drug delivery systems for dosage form retention on skin. By offering site-specific drug delivery systems and extending dosage intervals, these
methods can improve patient compliance. The medications can be hydrophilic or lipophilic and released at the target spot in a regulated and predictable
way by the nanosponges. It is possible to regulate the size of particles and rate of release by adjusting the ratio of polymer to cross-linker. The nanocarrier
may allow the medicine to penetrate deeper into the epidermal layer than previous topical semisolid the preparations, making the nano-based gel
composition perfect for the efficient treatment of fungal infections. By directing the medication deeper into the epidermal layers, nanocarriers increase
therapeutic efficacy and completely cure infections caused by fungi.
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