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Abstract :

Chitosan has sparked widespread interest due to its characteristics and potential ap-
plications. Each year, the number of papers and patents on this polymer grows. Chitosan
exhibits all of the major medical qualities, including biocompatibility, biodegradability,
and hydrophilicity. Chitosan is currently gaining a lot of attention in a variety of fields
and applications, such as a drug tablet binder, antioxidant, antimicrobial, antifungal, an-
ti-inflammatory, wound healing, drug delivery and immune therapy. Moreover, chitosan
exhibits anticancer effect by stimulating the immune system and strengthening it when
combined with anticancer medications thus chitosan’s exceptional biological features offer
unique prospects for biomedical and pharmaceutical applications Three reactive or func-
tional groups make up chitosan so, numerous chemical alterations are potential resulting in
polymers with unique characteristics and behaviors. Chitosan’s characteristics have been
improved by nanoparticles synthesis. The purpose of using chitosan nanoparticles is to in-
crease the therapeutic efficiency of some drugs that are affected by human body activities.
The most interesting character of nanoparticles for its small size and quantum dots estima-
tion influence may make chitosan nanoparticles display prevalent uses. In this review, we
discuss some of the main biological properties of chitosan and the relationship with the
physicochemical properties of the polymer and the purpose of this review is to give an
overview of chitosan applications

Keywords: Chitosan, chitin, Polysaccharide, Deacetylation, Nanoparticles, Bio-
medicine.
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Introduction

Historically Rouget in 1859 was
the first to depicted chitosan and for-
mally by Hoppe-Seyler in 1894 named
1)) Chitin is the most abundant natural
amino polysaccharide and is following
to cellulose in abundance on the world,
chitin is the second largest natural bio-
polymer only after cellulose, and ex-
ists extensively in marine organisms,
such as the shells of crab, shrimp, algal
bacterial cell membranes and skeletons
of mollusks and cell walls of higher
plants. chitin is a renewable recycla-
ble, and inexhaustible resource, gener-
ally distributed in coastal areas3) (2) ).
Chitosan is gained by deacetylation of
chitin. Chitosan is being researched by
academic and industrial scientists as
an underutilized resource and as a new
functional material of high potential in
various fields(4) , both chitin and chi-
tosan are present in the shells of crusta-
ceans and aquatic microorganisms such
as shrimps, crabs, the insect exoskel-
eton or wings or fungal cell walls (5,
6).Chitosan has gathered much interest
because its properties and possible ap-
plications. Every year the number of
patents and publications based on this
polymer rise(7). The purpose of using

chitosan nanoparticles is to increase the
therapeutic efficiency of some drugs in
the human body(A).Commercial chito-
san was mainly produced from chemi-
cal deacetylation of chitin from crus-
tacean sources, fungi and production
from insect cuticles is also gaining in-
terest (9). Since 1970, the use of natu-
ral polymer chitosan has been acceler-
ated in numerous countries. Also, the
number of papers published this com-
pletely reflects that people are more
interested in the application worth of
chitosan with abundant resources(10).
In this regard, scientific literature ex-
hibited that chitosan properties could
be the smart polymers for many bio-
medical purposes. Chitosan can be
biodegraded in the human body, thus
it is not accumulated. It is in general
considered well biocompatibility and
plays a very important role in human
physiological activities. Also, chitosan
has biological activity, biodegradabil-
ity, biocompatibility, antibacterial, an-
tiseptic, and wound healing and other
different functions, but its application
is limited due to its poor water solu-
bility(11). Chitosan shows anticancer
activity through activating the immune
system and promotes it when applied
to combine with anticancer drugs. So,
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it has become a research hotspot in the
biomedical field in recent years due to
these bioactive activities(12) Chitosan
can be chemically and enzymatically
modified because of the presence of
free amine group that resulting after
the deacetylation step, these proper-
ties of chitosan permit its availability
in several forms, such as beads flakes,
powder, sponges, membranes, fibers
and gels(13). The properties of chi-
tosan have been advanced by making
their nanoparticles. The unique charac-
ter of nanoparticles for their tiny size
and vast surface-to-volume proportion
and they are mucoadhesive in nature
because of which they give great secu-
rity and increase its drug release time
and stability in the body. In this way,
they are appropriate to a general clas-

sification of medications(14).

1- Chemical structure and compo-
sition of chitin and chitosan

Chitin 1s a partially crystalline
mono polymer and contains of more
than 5000 B-(1,4)-linked N-acetyl-
d-glucosamine. Chitosan 1is totally
deacetylated product of chitin con-
sists of PB-(1—4)-2-amino-d-glucose
and p-(1—4)-2-acetamido-d-glucose
units where “n” specifies the degree of
polymerization of glucosamine and N-
acetylglucosamine units (Figure 1)(15)
(16). Chitosan has a complex double
helix structure, it possesses many ac-
tive groups such as hydroxyl group and
amino group, which has high reactiv-
ity and can be chemically modified to
obtain unique chemical, physical, and
physiological properties(17).
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Figure (1): Chemical structure and composition of chitin and chitosan (18)
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2- Sources of chitosan

Chitosan can be extracted from in-
sects, mushroom, yeast, fungi cell walls
and marine shellfish such as krill, crab,
lobster, shrimp and cuttlefish in shell-
fish. Chitin forms the outer protective
wall as a covalently bound network
with proteins and some metals and
carotenoids. Crustacean shells consist
of 20-30 % chitin, 30—40 % proteins,
30-50 % calcium carbonate and also
contain pigments. These proportions
differ with species and with seasons.
Prawn, shrimp and crab wastes are
the main source of commercial chitin
and chitosan production. The increase
in consumption of shellfish and the
increase of aquaculture have led to a
wonderful increase in the quantity of
shrimp and prawn being processed and
later in the amount of waste available
for chitin and chitosan production (19-
21). In general, dissolving a substance
in a solvent or mixture of solvents is
the most popular extraction technique
for removing a substance from materi-
als or a matrix. chemical-solution will
subsequently be collected, and it will
then be possible to extract the chemical
from solution using partial techniques
concentration,

including precipita-

tion, and crystallization. based on the
variations between the chemical and
physical characteristics of solvents and
solutes. This technique has been used
to extract the majority of biological
polymers, including gelatin, agar, and
alginate. Chitin extraction, on the other
hand, happens in the reverse way. Chi-
tin 1s insoluble, therefore all other in-
gredients in raw materials dissolve be-
fore chitin does, which prevents it from
dissolving and gathering on its own.
This is why there are a lot of challenges
while making chitin. First, many need
to remove unnecessary components.
These explain why chitin production
technology necessitates a variety of
approaches, and there are still numer-
ous challenges that must be addressed.
Furthermore, chitin has a variety of
qualities that are determined by its
structure, raw material attributes, and
extraction process. Therefore, in chitin
and chitosan production technology, is
functions must be examined in order to
select the extraction method with the
right parameters. Several methods can
be used to extract chitin, depending on
the basic ingredients. The three prima-
ry procedures used in these methods
are typically decolorization, deminer-
alization, and deproteinization. Before
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going on to the primary process, raw
materials will first be cleaned, dried,
crushed, and processed into a powder
(11, 22). An overview of the chitin syn-
thesis process is shown in Figure (2).
Chitosan is produced from chi-
tin through a process called chemical
deacetylation, which involves replac-
ing the acetyl group on C? glucosamine
with a -NH2 group (23, 24). Alkalis or
acids can carry out the deacetylation
process. Alkali deacetylation is recom-
mended because acid treatments break
polymer chains by affecting glycosidic
linkages. Alkali techniques create in-
soluble residual chitosan as the final
product with DD up to 85-99% by treat-
ing acetyl groups with hot, concentrat-

ed alkalis (NaOH is more efficient than
KOH) for a few hours (23) (Figure 2).
Seven criteria were used to investigate
the effects of deacetylation parameters:
temperature, concentration of the alkali
reagent, number of consecutive baths,
performance time, addition of sodium
borohydride (NaBH4), and reducing
reagent. The outcomes demonstrated
that alkali reagent and temperature are
important variables. Using addition-
al alkali baths, increasing the alkali’s
concentration, and lengthening the re-
action time all considerably increased
the deacetylation degree DD. Whereas
reducing reagent (NaBH4) and atmo-
spheric conditions only affected on Mw
and reducing depolymerization (24).
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Figure (2): Production of chitosan (25)
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3- Chitosan Properties

Physicochemical Properties

Three reactive or functional groups
make up chitosan: two hydroxyl groups
at C3-OH and C6-OH, and an amino
group (-NH2) at C2-NH2. Compared
to the hydroxyl group at C3-OH, the
one at C6-OH has greater chemical
activity. Another way the glycosidic
bond as a functional group is one that
permits chemical alterations to create
a polymer with unique characteristics
(26). Numerous alterations are pos-
sible with these functional groups, re-
sulting in polymers with unique char-
acteristics and behaviors. Derivatives
of chitosan have been created with the
intention of enhancing its solubility
and biodegradability as well as add-
ing new features. For example, among
other techniques, quaternization, depo-
lymerization, and deacetylation have
been used to increase solubility in wa-
ter-aqueous systems (27). The relation-
ship between the chemical structure of
chitosan compounds and their prospec-
tive applications in many scientific and
industrial fields is determined by their
physicochemical properties (22). av-
erage molar mass (molecular weight)
and deacetylation degree (DD) are
the most often evaluated qualities, in-

dependent of the purpose for which a
particular product is meant to be used.
Other characteristics including solubil-
ity, crystallinity, viscosity, water, nitro-
gen, and ash content, as well as water
retention value all that are important
variables that affect how it is used as a
biomaterial (28). One of the most fun-
damental parameters characterizing a
macromolecule is its molecular weight.
Knowledge of the molecular weight
of polysaccharides is of fundamental
importance for the understanding of
their applications and their role in liv-
ing systems. The molecular weight of
chitosan depends largely on the condi-
tions of deacetylation and can be deter-
mined by methods such as chromatog-
raphy (29), light scattering (30), and
viscometry (31). Chitosan is available
commercially with molecular weight
ranging from 10,000 to 1,000,000 Da
(4). Extensive investigation has shown
that chitosan activity increases with
decreasing molar mass and DD (7).
The ratio of glucosamine groups to the
total number of N-acetylglucosamine
(GlcNAc) and glucosamine (GIcN)
groups 1s known as the deacetylation
degree (DD). The polymer’s classifica-
tion as chitosan or chitin is based on
the level of DD value. If the polymer’s
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DD is greater than 60%, it 1s referred to
as chitosan (32).

Chitosan’s solubility qualities are
determined by the degree of deacety-
lation. A high degree of deacetylation
indicates better solubility, while a low
degree of deacetylation indicates poor
solubility. (33).Solubility Chitosan is
created by deacetylating chitin, which
converts certain N-acetylglucosamine
moieties into glucosamine units.The
presence of a significant number of
protonated NH2 groups on the chito-
san structure explains for its solubility
in acidic aqueous conditions, as its pKa
value is around 6.5 (34) When approx-
imately half of all amino groups are
protonated, chitosan becomes soluble
(35). Chitosan solubility is determined
by a variety of parameters, including
polymer molecular weight, degree of
acetylation, pH, temperature, and crys-
tallinity. At low pH, the amines pro-
tonate and become positively charged,
making chitosan a water-soluble cat-
ionic polyelectrolyte. However, as the
pH rises above 6, chitosan amines be-
come deprotonated, causing the poly-
mer to lose its charge and become
insoluble. At higher pH levels, precipi-
tation or gelation occurs, and the chito-
san solution forms a poly-ion complex

with the anionic hydrocolloid, culmi-
nating in gel formation (36). The sol-
uble-insoluble transition occurs at pKa
values between 6 and 6.5 pH. Chitosan
readily forms quaternary nitrogen salts
at low pH levels. Thus, organic acids
like acetic, formic, and lactic acids can
dissolve chitosan. The most often used
solvent for chitosan is 1% acetic acid
at roughly pH 4.0 (35).

Chitosan viscosity is determined by
the polymer’s molecular weight and the
degree of deacetylation, and it lowers
as the molecular weight of chitosan is
reduced. In fact, viscosity can be used
to estimate the durability of a polymer
in solution, as it decreases during poly-
mer storage due to degradation (37).

Biological properties of chitosan

Chitosan’s exceptional biological
features provide unique prospects for
the creation of many various appli-
cations, including biocompatibility,
biodegradability, antibacterial activ-
ity, mucoadhesion, and affinity for an-
ionic components(38). Chitosan has
been employed in various industries,
including food (39), pharmaceutical
(40) , textile (6), water treatment (41).
Both the DD and the preparation tech-
nique affect biocompatibility and tox-
icity (biocompatibility increases with
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increase in DD). A range of cell types
have been used in numerous in vitro
investigations to assess the biocompat-
ibility of Chitosan, including neural
cells (42), fibroblasts (43), osteoblasts
(42) , chondrocytes (44), keratinocytes
(6), and hepatocytes (45). According
to the results, Chitosan is nontoxic
and can help these kinds of cells ad-
here and multiply, indicating that chi-
tosan is compatible with these kinds of
cells (46). Chitosan is degraded spe-
cifically by enzymes known as chito-
sanases (EC 3.2.1.132) and chitinases
(EC 3.2.1.14). Chitosanases are glyco-
syl hydrolases that break down B-1,4-
glycosidic linkages in partly acetylated
chitosan to produce chitosan oligosac-
charides (COS) with little monomer
release (47). Chitosanase breaks down
chitosan by cleaving glycosidic linkag-
es in the -DD-DA or -DD-DD patterns.
Chitinases, found in the GHI18 and
GHI19 families, are glycosyl hydro-
lases capable of degrading both A-A
and A-D links but not D-D bonds. Chi-
tinases are categorized into two types
based on their method of action (endo-
chitinases and exochitinases) (48).

Properties of Chitosan Nanopar-
ticles

For the past decade, chitosan has
been researched as a material for shap-
ing nanoparticles. Chitosan’s character-
istics have been improved by forming
nanoparticles. The innovative charac-
ter of nanoparticles for their small size
and quantum estimation influence may
make chitosan nanoparticles display
prevalent practices. They are simple
and 1nexpensive to manufacture and
scale up, with an interesting size and
large surface-to-volume ratios. They
are mucoadhesive and hydrophilic in
nature, which provides considerable
security to the characterized sedate, in-
creases its freedom time, and ensures
its stability in the body. In this sense,
they are ideal for a broad category of
medications: small particles, proteins,
and polynucleotides. The benefits of
characterizing dynamic specialists in a
polymer framework include their pro-
tection from the surrounding medium
or handling conditions and their con-
trolled discharge (14).

4- Applications of chitosan

Chitosan has applications in a vari-
ety of fields, from agricultural sector
to more advanced, biotechnology and
nanotechnology disciplines .
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Chitosan as a binder in drug tablets

Chitosan has recently been accept-
ed by the researchers and a studies re-
lating to chitosan hydrochloride was
comprised in the 4" edition of the Eu-
ropean Pharmacopoeia (2002). Despite
the many uses of chitin and chitosan as
new functional materials of high poten-
tial in different fields, so they are still
behind several directly compressible
DC excipients (DC excipient is any
material added to the drug except the
active substance) already dominating
pharmaceutical applications. There are
still new tries to exploit chitin and chi-
tosan in co processing techniques that
provide a product with potential to act
as a direct compression excipient (49).

Chitosan has received extensive at-
tention as a possible pharmaceutical
excipient in recent decades. It has been
evaluated in all conventional excipient
applications, such as a as a binder in
wet granulation during the preparation
drug tablets (50), directly compressible
diluent in tablets and also in novel ap-
plications, such as a carrier for muco-
sal delivery of antigens in linking with
oral vaccination (51-53). (50) one of
studies that used chitosan as a binder
for chlorpheniramine maleate tablets

(Allermine) in comparison with other
cellulose binders such as hydroxyl pro-
pyl methyl cellulose, sodium carboxy
methyl cellulose, and methylcellulose.
The effects of binder concentration on
the mechanical properties of tablets
in addition to on dissolution time and
disintegration were studied. Results
showed that chitosan tablets exhibited
best dissolution profiles and tablets pre-
pared with methylcellulose had lowest
percentage of fines and friability. Nu-
merous properties of chitosan make it
actually valuable as a pharmaceutical
excipient. Good biocompatibility and
low toxicity of chitosan (54) (11, 55)
and the fact that sources of chitosan are
very abundant, are properties that any
new excipient substance should have.
One of them properties that makes chi-
tosan mostly interesting for studies as
an excipient is its capability to become
hydrated and form gels in acidic aque-
ous environments. Due to its gel form-
ing ability, a main area of interest since
studies started has been use of chitosan
to make slow release drug delivery sys-
tems (56).

Antioxidant activity

Antioxidant activities against hy-
droxyl, superoxide free radicals and
2,2-Diphenyl picrylhydrazyl (DPPH).
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Studies have shown that the chitosan
has strong antioxidant properties. Ac-
cording to the results, chitosan might
be used as a natural antioxidant, in ad-
dition to a dietary supplement or com-
ponent in medicines and nutraceuticals
(57-59). The antioxidant activity of
water soluble phosphorylated chitosan,
including hydroxyl radicals, DPPH,
and superoxide, also its ferrous ion
chelating capacity (57).

Anticancer activity

The majority of anticancer medi-
cines work by unique mechanisms to
kill cancer cells. The identification of
molecules triggered by chitosan may
help researchers better understanding
the processes behind chitosan’s cy-
totoxic effects on cancer cells(60), so
chitosan has been showed to promote
apoptosis and activate caspase-3 (61,
62), besides stimulating the extrinsic
apoptosis pathway through caspase-8
activation (43, 63, 64). When cancer
cells are exposed to chitosan nanopar-
ticles, necrosis is thought to be the
mechanism responsible for cell death
(65).

Drug delivery

The process of safe transportation
of the therapeutic effect of the pharma-
ceutical compounds in the body based

on the nanotechnology is called drug
delivery (66). Chitosan nanoparticles
have several important potential appli-
cations for drug delivery in the body as
oral, ocular, nasal, pulmonary, vaginal,
and buccal in addition to applications
in cancer therapy and tissue engineer-
ing (67-69). The process mostly facili-
tates site targeting inside the body and
systemic pharmacokinetics by using
nanoparticles or several methods. Lat-
er the unique features of chitosan have
been discovered that are favorable for
the medicinal fields, researchers have
started thinking about its use in the ad-
vancement drug delivery process. The
cationic character of chitosan makes
unique, due to the presence of an ami-
no group (positively charged) it can
adhere to biological surfaces mucosal
glycoproteins (negatively charged) as
a bioadhesive material (Figure 3) (66,
70). The demonstrated potential use of
chitosan nanoparticles as drug delivery
systems has provided chances for the
growth of a largely expanded range of
chitosan nanoparticles based delivery
vehicles (71, 72). Due to its biocom-
patibility character for chitosan is clas-
sified by the United States Food and
Drug Administration as generally rec-
ognized as safe (73). like noted above,
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the presence of the amino, hydroxyl
functional groups, as well as the glyco-
sidic bond, allows the loading of chito-
san nanoparticles with drug molecules
and DNA. Due to chitosan nanoparti-
cles are soluble in acidic aqueous so-
lutions, sustainable chemistry may be
used in their synthesis without the use
of harmful organic solvents (74). In ad-
dition, advantage of utilizing chitosan
nanoparticles is mucoadhesion, they
enable the organized release of drugs
in vivo (75).

Drug release from chitosan nanopar-
ticles occurs via a variety of mecha-
nisms, including polymer swelling
(76), diffusion of the adsorbed drug
through the polymeric matrix and
polymer erosion or degradation, and a
combination of the two (77). The ma-
jor burst nanoparticles released from
chitosan are caused by either swelling
of the polymer, which generates holes,
or drug diffusion from the polymer’s
surface (78). Because of chitosan’s
solubility, nanoparticles demonstrate
pH-dependent drug release (79).

Secondary to diffusion release, the
drug penetrates the polymeric matrix’s
interior to reach the exterior media.
Furthermore, polymer chains form the
diffusion barrier, making it harder for

the medication to pass through, and this
barrier also serves as the rate-limiting
membrane for drug release. Diffusion
may also be associated with polymer
degradation or swelling (80) (81).

Third degradation of polymers are
interrelated features. Sometimes, deg-
radation of the polymer may cause
subsequent physical erosion as bonds
break. Erosion of polymers is a com-
plex phenomenon as it involves swell-
ing, diffusion and dissolution. Erosion
occurs in two ways: homogenous and
heterogeneous. Homogenous erosion
is erosion of the polymer at the same
rate throughout the matrix whereas
heterogeneous erosion is erosion of the
polymer from the surface towards the
inner core. Polymer degradation may
be due to the surrounding media or the
presence of enzymes. The degradation
of the polymer also depends on the pH
of the surrounding media, the copoly-
mer composition and water uptake by
the polymer. Drug release depends on
the type of polymer and internal bond-
ing as well as the shape and size of the
nanoparticles as this reflects surface
area and free energy (82, 83).

Mucoadhesion activity

One of the major problems of deliv-
ering proteins, peptides or macromol-
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ecules through a non-injection route
1s the restricted absorption at mucosal
sites. For local delivery in the gastro
intestinal tract or to the vaginal, ure-
thral or pulmonary sites or nasal buccal
cavity the drug delivery system must
be mucoadhesive and release the drug.
Particle size of chitosan nanoparticles
also plays arole in the case, smaller par-
ticles may be abler to penetrate the mu-
cousal layer. Mucoadhesive nanoparti-
cles or microparticles can adhere to the
mucus membrane and release the drug
over time with the potential to reduce
dosing frequency. Uptake of drugs
into the systemic circulation can be
accomplished by passing and revers-
ible opening of tight junctions between
epithelial cells by certain polymers and
chitosan is one such polymer (52). As
noted earlier, the mucoadhesive prop-
erty of the chitosan due to strong posi-
tive charge which helps in forming a
strong bond with negatively charged
mucus membrane. The gastro intesti-
nal tract is characterized of varying
pH and an enzyme environment which
makes it difficult for oral drug delivery
of protein and peptide drugs but chito-
san is the best excellent carrier for such
drugs as it is mucoadhesive and perme-
ation enhancer also forms a protective

barrier for the drug (84).

Antibacterial activity

Due to the positively charged mol-
ecules of the chitosan so interact with
the negatively charged microbial cell
membrane and tend to breaks the cell
membrane. Thus, chitosan uses in anti-
microbial effect(85). The antibacterial
activity of chitosan was tested by us-
ing the well diffusion method against
clinically isolated human pathogens as
(Gram-positive: Streptococcus pneu-
moniae, Streptococcus sp, and Staph-
vlococcus aureus) (Gram-negative:
Vibrio cholerae, Escherichia coli, V.
alginolyticus). The results demon-
strate that chitosan and phosphorylat-
ed chitosan have antibacterial activ-
ity dependent on concentration with
variation against a variety of human
pathogenic bacterial strains proposing
that they might be used as antibacterial
agents(86) (87, 83).

Permeation enhancer chitosan

Permeation enhancer chitosan can
increase the permeation of nasal, in-
testinal and buccal epithelial cells, for
this reason, chitosan can be used in the
drug delivery system as a permeation
enhancer (89). Figure (4) shows the
chitosan performances a penetration
enhancer through opening the tight
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junctions of the epithelium, and the
mechanism of this action involves the
interaction of chitosan positive charge
with the tight junction proteins as oc-
cludin and minor destabilization of
plasma membrane (90).

Chitosan facilitates both paracellu-
lar and transcellular transport of medi-
cines as shows in (Figure 3), by chi-
tosan interacts with mucus membrane
that negatively charged to form a com-

plex via ionic or hydrogen bonding, in
addition to though hydrophobic inter-
actions. Also the pKa of the primary
amine of chitosan is (~6.5) depending
on the degree of N-deacetylation, this
group also contributes to the solubility
of chitosan in acidic pH environments,
and the partial neutralization of this pri-
mary amine may be also explain why
chitosan has been aggregate at neutral
to high pH (91).

Paracellular
transport

Transcellular
transport

; © L
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Figure (3): shows the mechanism
of paracellular and transcellular transport chitosan nanoparticles (69)

Immune therapy

Chitosan has the ability to stimulate
humoral immunity, complement sys-
tem and CD4+ cells. Antibody titers
and strong delayed-type hypersensi-
tivity responses showed that chitosan
induced both cell-mediated immune
responses and humoral. Chitosan stim-

ulates humoral immunity as the serum
and interstitial fluid (92, 93). Chitosan
also stimulates complement system as
the activation of anaphylatoxins like
C5a and C3a excepting for C4 by an
alternative pathway. Amid them, C3a
activates the mast cell to secrete hista-
mine, and C5a to activation phagocytic
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cell (94). Because of chitosan has high
viscosity than water, so chitosan can
be used effectively as an antigen depot,
thus for this reason, it can be used with
vaccination to create adaptive immune
response over a long time, which dem-
onstrated that chitosan can rise the im-
mune system as an adjuvant (91, 92).
Furthermore, due to unique characteris-
tics of chitosan can be used in numer-
ous vaccine constructions and delivery,
like as influenza vaccine delivery, polio
vaccine, and preparation of hepatitis B
vaccine, etc.(95).

Biodegradability activity

Chitosan determined by its chemi-
cal structure, it is a kind of natural
medical polymer material with unique
biodegradability property(96). So it
degrades under the action of a lyso-
zyme in the body fluid or in vitro (97).
Degradation products are oligosaccha-
ride and methyl sugar and which are
nontoxic for the body and after that can
be decomposed, absorbed and metabo-
lized. One of the degradation products
i1s N-acetylglucosamine, which is im-
portant for scar repair of tissues and is
nontoxic to some malignant tumors, so
it can be used as cancer chemotherapy
medicines. It’s all degradation prod-
ucts are mostly nontoxic in the human

body, no immunogenicity, no accumu-
lation in the body, thus it can be used
to surgical suture, manufacture artifi-
cial skin, contact glasses, bone repair
materials, anticoagulant materials, and
it has a very broad application view in
the medical field (98).

5- Pharmacokinetics of chitosan

The best important property of chi-
tosan must be exploited is its muco-
adhesion. Many of the studies explore
the pharmacokinetic features of chi-
tosan based nanoparticles. A pharma-
cokinetic study was done in (beagle
dogs) to measure the bioavailability
of cyclosporin-A encapsulated into
nanoparticles involved of chitosan,
gelatin-A or sodium glycocholate, a
control group received the standard
oral micro-emulsion formulation (Ne-
oral®). The Cmax was significantly
increased in the case of both the gela-
tin and chitosan nanoparticles formula-
tions while the Cmax decreased with
sodium glycocholate  nanoparticles
compared to Neoral, there was a 2.6
double increase in the area under the
curve (AUC) of cyclosporin-A from
chitosan nanoparticles compared to so-
dium glycocholate nanoparticles and
1.8 double increase in AUC from gela-
tin nanoparticles compared to sodium
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glycocholate nanoparticles, the com-
parative bioavailability of cyclosporin-
A from sodium glycocholate nanopar-
ticles was decreased about 36% when
compared to marketed formulation.
Because of the negative charge of
the sodium glycocholate nanoparti-
cles which could have prevented the
nanoparticles from adhering to the lin-
ing intestinal mucus and consequently
may have reduced the drug absorption
through the intestinal epithelium. The
idea is a positive charge of chitosan
nanoparticles can advantage in muco-
adhesion and rise in relative bioavail-
ability, enhanced by 73% in this case
(99). Chitosan based nanoparticles
were developed with the primary goal
of prolonging circulation time of the
drug in blood. The improved intesti-
nal absorption can be credited to ei-
ther increased interaction between the
(positive charge) of chitosan with the
(negative charge) of cell membranes
or the mucoadhesive characters of chi-
tosan nanoparticles, allowing them to
release drug over time in the intestine
(100). Another study results, enoxapa-
rin has little to no oral bioavailability,
to improve oral bioavailability, enoxa-
parin loaded alginate coated chitosan
nanoparticles were formulated, causing

in a 3 double increase in AUC for oral
enoxaparin (50 mg/kg in rats) and rep-
resentative 20% of the AUC reached
with (intravenous dosing 1 mg/kg).
The improved intestinal permeation
of enoxaparin could be because of im-
proved paracellular transport of the
drug across intestinal epithelium due
to the mucoadhesive property of chi-
tosan. So chitosan nanoparticles have
many applications in increasing the
oral bioavailability(101).

Conclusion and Recommendations
Chitosan is one of the most widely
used biopolymers in biomedical sci-
ence, ranking second only to cellulose,
a naturally occurring amino polysac-
charide. Chitosan biopolymer is made
from de-acetylated chitin and its amino-
polysaccharide, which occur naturally.
Because it is biocompatible and biode-
gradable, it has sparked a lot of interest
in biological applications. According
to several studies, chitosan has been
employed in a number of pharmaceu-
tical applications, including antibac-
terial, antioxidant, anti-inflammatory,
anticancer, and drug delivery systems,
throughout the last few decades. Based
on numerous recent publications, this
review concluded that chitosan and its
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nanocomposite have a promising fu-
ture due to improved distinctive quali-
ties such as especial biocompatibility,
biodegradability, mechanical and ther-
mal stabilities, barrier, and nontoxicity,
indicating their uniqueness in biomedi-
cal applications. Chitosan nanoparti-
cles have high potential as carriers for
medication encapsulation and integra-
tion. Thus, due to their mucoadhesive
qualities, chitosan nanoparticles have
a high potential for effective drug ad-
ministration, regulated drug release,
and increased therapeutic efficacy.
Chitosan nanoparticles are positively
charged and exhibit advantageous in
situ gel formation and mucoadhesive
properties, making them useful for
various organ medication delivery.
Similarly, their capacity to open tight
junctions of the mucosal membrane
and improve drug absorption qualities
makes them promising drug delivery
carriers, whilst their ability to increase
drug permeability makes them appro-
priate for a variety of drug delivery ap-
plications. Our goal is to create more
chitosan nanoparticle-based applica-
tions for cancer treatment, therapy, im-
aging, and drug administration.
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