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ABSTARCT

Nanotechnology has been used as one of the methods in the development of novel drug delivery system through the
incorporation of drugs into the nanoparticulate system. Chitosan (CHT) is a polysaccharide similar in structure like
cellulose. CHT and cellulose are prepared by linear h-(1Y4)-linked monosaccharides. CHT's primary amine groups have
unique characteristics that make it ideal for medicinal purposes. CHT possesses a positive charge when compared to other
natural polymers. Applications of CHT NPs in various therapies like cancer, vaccine delivery, vaginal delivery, mucosal
drug delivery, nasal drug delivery and buccal drug delivery is well recognized. The present review focus on the importance
of chitosan in different treatment approaches via nano drug delivery.
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INTRODUCTION

Drug delivery is a conventional terminology that refers to the formulation as well as administration of a
pharmacologically active compound to provide a sufficient drug plasma concentration and bring the drug
to the specific site of action. To overcome some drug stability problems in the gastrointestinal tract (GIT),
manage drug release, improve transmucosal absorption, and get the drug into its precise site of action,
numerous techniques have been used. Microfabrication is a technique for fabricating materials on a
micrometer scale that has been shown to improve diagnosis and biomedical applications. The alteration of
material shape, surface character, and release kinetics are the consequence of this micronization [1].
Nanotechnology has been used as one of the methods in the development of novel drug delivery system
(NDDS) through the incorporation of drugs into the nanoparticulate system [2]. The nanoparticles (NPs)
possess the unique physical as well as chemical properties because of their high surface area and nano scale
size [9]. The polymeric NPs are synthesized by natural as well as synthetic polymers. Polymeric NPs have
some advantages such as being available from marine source like chitin and from agricultural source such
as cellulose, starch, and pectin [3]. CHT is a polysaccharide similar in structure like cellulose. CHT and
cellulose are prepared by linear h-(1Y4)-linked monosaccharides [4]. CHT's primary amine groups have
unique characteristics that make it ideal for medicinal purposes. CHT possesses a positive charge when
compared to other natural polymers [5]. CHT is the most important chitin derivative, and it is made by
removing the acetate moiety from the chitin. CHT works as a penetration enhancer by opening epithelial
tight junctions [6]. The present review aims to discuss the preparation techniques and essential
applications of CHT based polymers importance of chitosan in different treatment approaches.
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Fig 1: Deacylation of CHT [7]

METHODS OF PREPARATION OF CHT NPs

CHT is widely used as a perfect carrier for numerous drug delivery systems. CHT NPs can prepared by
numerous ways.

Spray drying

Emulsion cross linking

Reverse Micellization

Nanoprecipitation

Emulsion droplets coalescence

Ionic gelation

. Desolvation

Spray drying

Spray drying is the most common method of formulation of CHT NPs. The spray drying technique is
considered completely successful when atomized droplets get dried in the hot air creek. CHT solutions can
be made by combining CHT powder with glacial acetic acid (GAA) solution, letting it dry naturally, and then
atomizing the mixture to create tiny droplets. Once the liquid has dissipated from a tiny droplet, CHT
NPs can instantly form [8-13].
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Fig 2: Schematics Illustration of Spray Drying Method [14]

Emulsion cross-linking

To create a water-in-oil emulsion, a hydrophilic CHT solution will be first mixed in the oil droplets.
Secondly, hydrophilic drops are stabilised utilizing an appropriate surfactant (TWEEN 80). One of most
adaptable cross-linking ingredients, such as fumaric acid and polyethylene glycol, is used after creating the
homogeneous mixture. 15 Here, CHT amino sites and glutaraldehyde's carbonyl groups interact to form a
cross-linking process that precipitated particles [8-17].
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Fig 3: Schematics Illustration of Emulsion Cross linking Method [18]

Technique of reverse micellization

Reverse microspheres are the name given to water-in-oil spheres that have undergone the reversing
micellar process [19, 20]. In order to create a water in oil phase emulsified mixture, a lipid soluble
surfactant (like cetyl trimethyl ammonium bromide) must first be dissolved in an appropriate extraction
liquid (such as n-hexane). Following that, to prevent turbulence, an aqueous CHT solution, medication, and
glutaraldehyde are added to the mixture phase. NPs extraction is completed in the end [21, 23].
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Fig 4: Schematic Illustration of Reverse micellization Technique [24].

Nanoprecipitation

The diffused nanoprecipitation is achieved by dissolving CHT in relevant solvent which is known as
diffusion phase. Followed by magnetic stirring, methanol is added to the dispersion phase. The diffusing
phase is then incorporated into dispersion phase with the help of peristaltic pump having a needle
positioned 2 cm overhead the superficial edge at 0.86 mL min-L. Then, irrespective of the non-solvent to
solvent volume proportion, a very insignificant quantity of Tween -80 is, incorporated to the non-solvent
phase to yield smaller NPs [8, 25].

Emulsion droplet coalescence

Emulsion coalescence approach is utilised to produce two stable emulsion droplets. The liquid paraffin oil
holding medication is combined with a CHT aqueous solution in which the first stable emulsion is
incorporated. Later on, the liquid paraffin oil is combined with a second stable emulsion incorporated with
CHT aqueous solution of sodium hydroxide. In the end two emulsified mixture is mixed with the help of
magnetic stirrer. While mixing of these two emulsified phases, the droplets from both the emulsion will
collide at random and consolidate. Leading to generation of precipitated form CHT droplets to form tiny
particles [26, 27].
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Fig 5: Schematic Depiction of Emulsion Droplet Coalesance.z8

Ionic gelation

This approach is another better technique for formulation of CHT NPs [4]. This technique involve
preparation of CHT solution by dissolving 0.1 to 1% CHT in 100ml of 1% v/v acetic acid, later on
preparation of 0.1 % tripolyphosphate solution this can be achieved by dissolving 100mg tripolyphosphate
in 100 ml of distilled water along with addition of 100mg of API to be added to the tripolyphosphate
solution. Mix the solution at 1500 rpm for 30 minutes on an ultrasonicator and add the tripolyphosphate
solution dropwise along with continuous stirring for 3 hours on homogenizer. The phenomenon of addition
of tripolyphosphate solution to the CHT solution produces NPs. The CHT NPs may then be spun for 10
minutes at 15000rpm in high-speed in the centrifuge. The formation of CHT NPs will occur due to
interaction between the negative charge of tripolyphosphate and positive charge of CHT amino groups.*2°
as shown in [figure 6].
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Fig 6: Depiction of Ionic Gelation Procedures.[30]
Desolvation
The desolvation procedure involve preparing CHT solution using relevant solvent, and a solvent thatact as
competing agent with great hydrophilicity. Example of such case is addition of sodium sulfate to CHT
solution. Water gets evaporated when the salt combines with moist environment of CHT solution which
lead to a stronger affinity of water in the salt.
This procedure solubilizes the polymers, which lead to precipition [31, 32]. Acetone and Sodium sulphate
are widely used for such purposes.33-38 To keep NPs suspension stable TWEEN 80 is best choice ingredient
considered followed by that crosslinking is achieved by glutaraldehyde which harden the NPs 8,31 as
shown in [figure 7]
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CROSS LINKING AGENTS FOR CHT NPS

Tripolyphosphate

Sodium tripolyphosphate is another name for tripolyphosphate. Tripolyphosphate is a non-poisonous,
colourless salt with a polyanion (penta-anion) crosslinker [40, 41]. The NH2 groups of chitosan can
undergo reversible physical cross-linking with the negatively charged tripolyphosphate molecules via
electrostatic contact, resulting in the creation of nanoparticles [42, 43].
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Fig 8: Structure of Sodium Tripolyphosphate.
Genipin
The iridoid glucoside geniposide found in the fruit of Gardenia jasminoides Ellis is used to make genipin.
Genipin is a naturally occurring cross-linking agent that improves casein's mechanical and barrier
properties. In NH2, Genipin is dyed a vivid blue colour [44, 45]. Genipin has a similar chemical structure to
glutaraldehyde, but it has better heat stability [44].
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Fig 9: Structure of Genipin
Citric Acid
Thermal cross-linking is one of the physical crosslinking methods. It involves adding citric acid, a typical
cross-linking agent, to an aqueous chitosan acidic solution in a fixed molar ratio of citric acid to chitosan
solution.#¢ This combination is cooled to 0°C before being stirred into an oily phase such as corn oil or
sesame oil and cooled to 0°C again. At 120°C, the emulsion is thermally crosslinked, and the resulting
microspheres are filtered, washed, and dried [46, 47].
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Fig 10: Structure of Citric acid
Glutaraldehyde
The glutaraldehyde is dialdehyde, its production is affordable and form a thick cationic emulsion, generally
glutaraldehyde used in versatile crosslinker [48-50] The covalent crosslinking can be occur between
aldehyde groups of glutaraldehyde and amino groups of chitosan, resulting in the formation of nanoparticle
[51].
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Fig 11: Structure of Glutaraldehyde.
APPLICATIONS OF CHT NPS
Cancer Drug Delivery
Medication given to patients during chemotherapy has crucial effects on unhealthy and healthy cells.
Cancer chemotherapy are highly toxic, particularly anticancer medication which are meant for systemic
administration. In many situations, anticancer medication shows poor water solubility or less hydrophilic
nature. Low hydrophilic drugs demand use of the organic solvents and detergents in clinical applications
with unwanted adverse effects like irritation in veins which may lead to respiratory distress. To achieve
successful cancer therapy, a particular carrier system that holds huge number of medications specifically
which targets tumour cell [52]. CHT is most preferred in such situation because of its biocompatible and
biodegradable nature.
Ocular drug delivery
CHT is nontoxic, biodegradable and biocompatible and that’s why it chosen as a candidate for ocular DDS.
CHT also has mucoadhesive property which help in extended release of medication on the eye surface. CHT
also shows gelling capabilities and thus it can be prepared in gel form in liquid state when required to apply
on ocular surface. CHT NPs prolong the duration of action of medication and improvise the effectiveness of
the drug [52-55]. Santhi, et al. created antifungal medication CHT NPs using an automatic emulsification
technique and a cross-linking technique. The study uses the cup-plate technique with common eye drop to
evaluate the antifungal activity of CHT NPs. CHT NPs were determined to have a particle size of 152 nm.
Additionally, it was discovered that the medication sorption capacity of all CHT NPs loaded with drugs was
well within an optimal range (50%). fluconazole CHT NPs had the highest overall loading levels, fungicidal
activity, and extended-release action [55].
Transdermal medication administration
Itis challenging to deliver any diagnostics material into the circulatory system through topical delivery due
to the skin's enormous surface covering and role as a penetrating resistance. The strata primary function
as a barricade and the epidermal' top layer, which is composed of compacted kerato fibers coated by a
keratinized sheath and encircled by numerous membranous bilayers, are primarily responsible for this
epithelial barrier. medicines used topically may offer a difficulty for medications used for local and systemic
effects. Both macro and low-molecular-weight drugs can be designed as cutaneous or percutaneous DDS
[56, 57]. Katas H et al synthesized hydrocortisone NPS by using tripolyphosphate to ionically crosslink
high- and low-molecular-weight CHT and N-trimethyl CHT, Hydrocortisone (HC)-loaded CHT NPs. By using
FT-IR, the HC loading into CHT NPs was verified. According to in-vitro penetration experiments, HC was
effectively liberated from of the CHT NPs in Quality verification cream whereas CHT NPs in aqueous cream
gave HC a prolonged release. As a result, it is expected that CHT NPs will be a successful means of delivering
anti-inflammatory medications [58].
Colon drug delivery
Chitosan was used to deliver medications to the colon since it breaks down in colon easily. Hyaluronic acid-
coupled CHT NPs containing 5-fluorouracil were synthesized using ionotropic crosslinking for controlled
drug delivery to colonic tumours [59]. 5-Flurouracil CHT NPs boost cellular uptake by HT-29 carcinoma
cells in contrast to uncoupled NPs [60]. CHT NPs with pH-sensitive properties and specific biodegradable
nature can be synthesized for colon-targeted delivery of satranidazole [61].
Mucosal Drug delivery
CHT amplifies absorption of hydrophilic glimmers (Protein and peptides drugs) which add benefit in
enhancement of mucosa targeted drug delivery. Mucus is comprised of mucin and glycoprotein. Mucin is a
sialic acid residue with pKa 2.6 which makes it completely negatively charged at biological pH [62, 63]. CHT
is penetration enhancer, mucoadhesive and offers ideal tool for mucosal drug delivery [64, 6]. The smaller
size CHT NPs allows more penetration into mucosal layers. CHT offers paracellular drug transport
particularly of macromolecular medicines by opening intracellular snug junctions. Positive charges of CHT
NPs allows attachment to the cell membrane, it also lower the inter epithelial resistance of monolayers of
cells and enhance permeability across the cells. The CHT solution allows intercellular as well as paracellular
permeability which depend on molecular weight and degree of deacylation of CHT as well.6> Because of
their mucoadhesion or close interactions with the gut wall, CHT NPs have been shown to be able to sustain
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and improve the body's absorption of salmon calcitonin [66].

Delivery of Vaccines

CHT is frequently found in vaccine carriers [67, 68]. To enhance mucosal immunity while also promoting
absorption Systemic immunizations are administered using CHT as an additive. The activation of
macrophages appears to be caused by CHT absorption [69, 70]. Deoxyribonucleic acid-containing mucosal
vaccines have routinely employed CHT (DNA). In a study, Illum et al. developed a CHT-based DNA flu
vaccine that produced significant antibody responses in mice after being administered intranasally [69].
After being administered orally to mice, the plasmids pCMVArah2 that encodes the peanuts allergenic gene
may be fully integrated into CHT NPs with adequate antigen presentation and resistance [70, 72]. It has
been demonstrated that the incorporation of vaccines into various microparticles like NPs enhances the
antigenic ingestion by mucosa lymphoid cells, hence generating potent systemic as well as mucosa
immunological response against the pathogens [73].

Delivering controlled substances

CHT NPs are suitable for regulated drug carriers. It is possible to disclose the processes of CHT NPs, such
as chemically bridging, ionic crosslinking, and ionic complex formation. In order to manage the medication-
controlled release, the potential replacement for CHT through chemical functionalization is helpful.
Bioactive components can be attached to polymers in this way. CHT can therefore be utilized as a capping
material for liposome formulation due to its high reactivity for cellular membrane [74].

Drug administration to kidney

CHT drug ligands can be used to direct medications to the kidneys in the type of drug moiety. Drug adducts
frequently have issues with bioactivity, nephrotoxicity, and Cardiac adverse effects [75, 76]. Therefore,
scientists have concentrated on creating extremely secure drug - delivery systems. 50% N-acetylated low -
molecular - weight CHT can assemble in the kidneys of mice after intravenous injection, notably in the
nephron tubes [77, 78]. To create a drug carrier for renal selectivity, the authors linked prednisolone with
low molecular weight CHT (19 k Da) using a succinic acid spacer [78].

Liver drug administration

For liver delivery, NPS trapping by reticuloendothelial (REM) and proactive detection of CHT NPs, it is
possible to take advantage of the connection between both the liver receptors and the ligand-containing
aggregates [78, 79]. N-succinyl-CHT and lactose are capable of degrading aminated using sodium
cyanoborohydride to create lactosaminated N-succinyl CHT (Lac-Suc), a medication carrier that is unique
to the liver [78, 80., 81]. In a different experiment, metabolizes sugar (glucose can be attached to the
interface of CHT NPs using an ionotropic gelation method [78].

Vaginal drug delivery

El-Kamel et al [82] compress the polymers largely cross-linked using fumaric acid and sodium alginate even
without microcrystalline cellulose [MCC] to create metronidazole-holding CHT vaginal tablets. The pills
have such a low infiltration index and excellent release characteristics at pH 4.8 and pH 7. The pills of
metronidazole showed strong adherence. Acyclovir was used as a model drug by Sandri et al [83].
developed four different chitosan derivatives' mucoadhesive and permeation-enhancing properties via the
vaginal and buccal mucosa. These derivatives included 5-methyl-pyrrolidinone chitosan, second low
molecular mass chitosan, and a partially re-acetylated chitosan. The structures surrounding the vaginal and
buccal cavities were strengthened thanks to the high mucoadhesive and penetration concentration of the
chitosan made from methyl-pyrrolidinone. the ability to increase acyclovir's penetration or permeation
Nasal Drug Administration

Nasal obstructions frequently have quite poor bioavailability of intranasal delivered drugs due to low
permeability, large amount of bloating in the nasal passage, and shorter recovery period. The employment
of permeability enhancers with a clogged bioadhesion intranasal delivery device is by far the most efficient
strategy to increase intranasal absorption of the drug, according to research. By delaying the mucus
secretion of the formulations, they can maintain lengthy contact with pharmaceutical formulation and
uptake and accumulation in the nasal cavity. As previously mentioned, such mucoadhesive systems can be
liquid in situ gels or powders. CHT has been researched as a potential suspect in the nasal medication
delivery mechanism, primarily because of its rated qualities and penetration [84].

Delivery of drugs intravenously

In order to determine if CHT and thiolated CHT NPs may delay the time required for drugs to permeate in
the urinary tracts, Barthelmes et al. examined at their mucoadhesion in the intravesical mucous. Thiolated
CHT NPs have been discovered to be an advantageous help in the iv delivery of medications, prolonging the
half-life of the medication and assuring lengthy sustainable diffusion for a lengthy time [85].

Drug delivery via buccal route

Effective for conveying medications to the insertion point is the Buccal route. The Buccal path is perfect for
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drug targeting to the intended site since it avoids hepatic first-pass processing and breakdown in the gastro
intestinal tract, and it has an increased patient adherence. A reliable buccal method of delivery must show
sustainable effect in the oral cavity for longer period. Polymers which offer mucous adhesion
property lengthen the time the medicine remains in the mouth [86]. CHT is a potential polymer which will
be employed for buccal distribution since it has bioadhesive and absorbing qualities. Sandri et al detail how
trimethylated CHT is being used as a suitable additive in DDS that are intended to be applied to the buccal
mucosa to improve the absorption of hydrodynamic molecules. In pigs effectiveness of thiolated CHT for
peptide delivery methods via buccal mucosa was assessed [87].

CONCLUSION

Chitosan nanoparticles are very high efficacy in controlled release and targeting studies of almost all phases
of bioactive molecules. The chemical modifications of chitosan are very essential for obtaining the desired
physicochemical properties. Recently, chitosan was further tested in genetic delivery. Chitosan
nanoparticles can effectively deliver drug at specific sites by retaining the drug locally to permit an
extended time for drug absorption. The present review discussed importance of chitosan NPs in different
treatment approaches.
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