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Keywords: ABSTRACT: Polysaccharides are composed of monosaccharide’s linked
by glycosidic bonds. These are abundantly available and are obtained
from renewable resources. Polysaccharides provide an array of primary

structures and conformations used in the pharmaceutical industry. Natural
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polysaccharides properties can be substantially modulated by chemical,
physical, and enzymatic modifications and have received increased
attention to expanding the landscape of application of polysaccharides in
diverse sectors. Modifying the natural polysaccharides properties and
structures gives functionally improved polysaccharides with excellent
bioavailability, biocompatibility, structural stability, and versatile
chemical. By modifying the physicochemical properties of
polysaccharides, systems like micelles, hydrogels, liposomes, niosomes
and vesicles are produced. The modified polysaccharides have a
remarkable application in gene delivery, targeted cancer therapy, delivery
of the drug, wound dressings, tissue engineering, nanocarriers,
biosensors, pharmaceutical formulations, agricultural applications, and
food industry. This article covers different types of polysaccharides and
distinct methodologies applied during the new modified synthesis of
polysaccharides and also the study of their properties after modification.
This review also highlights the application of these modified
polysaccharides in various pharmaceutical, biomedical and allied fields.
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INTRODUCTION: Polysaccharides are ideal Natural polysaccharides are reported to possess

resources obtained naturally used in supplements
and pharmaceuticals, which received increasing
consideration in the last many years. These
polysaccharides have essential in pharmaceutical
sciences. Due to this, there is a growing interest in
their synthesis, modification, characterization, and
application .
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fewer side effects; however, due to their inherent
physicochemical properties, their bioactivities are
difficult to equate with synthetic drugs. Hence, the
structures and properties of these polysaccharides
have been modified to obtain functionally
improved polysaccharides.

The properties of natural polysaccharides are
improved via chemical, physical and enzymatic
modification. Such advances in modifications
provide polymer variability, help to optimize its
utilization in product application, and produce new
product applications. These modified
polysaccharides are widely used in gene therapy,
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drug delivery, biosensors, nanocarriers, agricultural  indicates the major polysaccharides used in several
application, and food sector applications. Table 1  industries.

TABLE 1: POLYSACCHARIDES USED IN DIVERSE SECTORS

Polysaccharides Structure Applications
Drug delivery system in the

pharmaceutical industry in food

Cellulose
industry in paper and textile industry
as excipient in pharmaceuticals
Cryoprotectant viscosity enhancer
Dextran hydrogels
Stabilizing and suspending agents in
Carrageenan food products in the paint industry
Welding rods textile and printing
Alginates industry fertilizer and chemical
industry wound dressing
Biomedical industry bioadhesive
Chitosan tissue engineering

gene delivery drug carrier

Cosmetic industry surgery and
wound healing dermatology

Hyaluronic Acid
ophthalmic delivery

Controlled release formulations
Starch biofuel paper and textile industry
excipient in the pharmaceutical
industry

Biomedical field wastewater
treatment food and dairy industry

Pectin
wound healing
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Modifications of polysaccharides are explored to
enhance  drug  solubility,  physicochemical
properties of polysaccharides, and their stability.
Synthetic  polymers  show  toxicity and
immunogenicity  problems;  hence  natural
polysaccharides are explored as substitutes for
synthetic polymers in developing new drug-
delivery systems. Polysaccharides have the ability
for targeted delivery and controlled release that
improves the therapeutic index of drugs. The
application of polysaccharide derivatives to
increase mucoadhesion and active targeting the
drug to the action site was reported for various
carrier systems- nano and microparticulate systems,
hollow particles, coated liposomes, and polymer-
drug conjugates. Various biomedical applications
of functionalized polysaccharides include tissue
engineering, regenerative medicine, and cancer
theranostics. Modified polysaccharides are used for
diagnosis as biosensors. A biosensor is a self-
sufficient unified device that helps detect different
analytes like fungi, bacteria, pollutants, food, and
drug additives. These are used not only for
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biomarkers in  biomedical screening. They
assimilate functionalized proteins, organelles, or
whole living cells additionally nucleic acids. These
cells are fixed on a physicochemical transducer
surface alongside its corresponding binding partner,
which can translate specific interactions of
immobilized bio entities into measurable and
relative electrical signals 2.

1. Functionalization  Strategies of Poly-
saccharides / Major Method for Modification of
Polysaccharides: Molecular modification involves
native structural modification through biological,
physical and chemical that produces many types
structural  derivatives. Molecular modification
usually modifies polysaccharide’s molecular
weight, structural dimensions, and the substituent
group types, numbers, and positions that improve
bioactivities such as antitumor, anticoagulant,
antioxidant, and theranostics. Fig. 1 indicates the
major chemical, physical and biological methods
used to modify native polysaccharides for diverse
applications.
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FIG. 1: FUNCTIONALIZATION STRATEGIES OF POLYSACCHARIDES

1.1 Biological Modification: The polysaccharides
are modified biologically that is greatly related to
the mediated degradation by the enzymes. It
contains deterioration of polysaccharides by the
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catalytic effect of enzymes. In comparison with
other physical and chemical modification methods,
the advantages of biological modification include
high efficiency, high specificity, and lower side
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effects °. The main aim of enzymatic degradation is
to reduce the polysaccharides, thus degrading their
mass and viscosity. The application of biological
modification is currently limited to the degradation
of a few polysaccharides. The polysaccharides
which are variable to biological modification
include cellulose, chitin, starch and pectin. Due to
several uses of modified starch in pharmaceutical
products, its modification is discussed here **.

Starch: Starch is made of amylose (a-1, 4 linked
glucan) and amylopectin (a-1, 4 linked glucans; a-
1, 6 linked branches). Starch is modified by
utilising enzymes such as amylase and
glucotransferase to generate glucose and fructose
syrups, maltodextrin, or modified starches. The
starch is enzymatically treated in the granular state
with a fungal a-amylase and glucoamylase at 35 °C
for 16 h to obtain enzyme-hydrolyzed-

E-ISSN: 0975-8232; P-ISSN: 2320-5148

hydroxypropyl (HP) starch. This Enzyme-
hydrolysed-HP starch exhibits remarkably various
useful properties than unmodified hydroxypropyl
starch that is prepared from native (untreated)
starch. Modified starch has high bioavailability,
and pH stability similar to branched amylopectin or
resistant starch (RS).

Thus, starches are modified to overcome
limitations like retrogradation, loss of viscosity on
processing, and gelatinized starch structure is
stabilized as occurred during the native starch
temperature storage conditions. These modified
starches are used in the pharmaceutical industry as
tablet diluents, disintegrants, binders, additives,
thickening agents, and quality enhancers in the
food industry °. Fig. 2 depicts the enzymatic
modification of starch.

FIG. 2: ENZYMATIC MODIFICATION OF STARCH

1.2 Physical Modification: The physical
modification mechanism includes the conversion of
the original larger molecular weight polysaccharide
chain into lower molecular weight fragments. This
modification guarantees the conservation of the
polysaccharide structure and causes conformational
changes. The physical modification is carried out
using ultrasonic  disruption, radiation-caused
reaction, and microwave exposure. Sonication
involves breaking polymer chains on the center,
which is the weakest point in the structure.
Molecules with long-chain length and high
molecular mass are broken first at the center, then
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at shorter chains, and lastly at sider chains.
Additionally, linear polymer chains are more
effectively sonolysed than the branched ones. Thus,
the polymer's initial mass plays a significant role in
the polymer's overall degradation rate. As polymers
are broken down, a factor is reached wherein the
chains become so short, that further degradation
isn't always viable, and a decreased molecular
weight restriction is attained. Sonication is an
efficient technique for polysaccharide modification
and nano molecule processing.

The polysaccharides modified by the physical
process include pectin, carrageenan, guar gum, and
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starch. Physical modification of pectin and below. Fig. 3 indicates the effects of physical
carrageenan is widely observed hence discussed modification on polysaccharides.
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FIG. 3: EFFECTS OF PHYSICAL MODIFICATION

Pectin: Pectin is a polymer of alternate units of a-
1,2 L-rhamnose and a-1,4 linked D-galacturonic
acid with neutral sugars, including galactose and
arabinose. Pectin is modified by various physical
(sonication), chemical, and enzymatic modification
methods. The Sonication process of citrus pectin is
notified, observed, and analyzed that the pectin’s
average molecular weight decreases from 464 kDa
to 296 kDa after 30 mins of the treatment. The
degree of methylation is slightly decreased, after
which the neutral sugar side chain gets degraded.
The modified pectin is used for anti-cancer activity
as it shows higher potency than untreated pectin.
Thus, modification of pectin reduces its turbidity,
viscosity, and molecular weight. The Sonication
method is used to produce micro and nano- sized
pectin derivatives utilized as drug carriers and in
the pharmaceutical industry ®.

Carrageenan: Carrageenan exists in several
varieties- k-kappa with a single sulphate group, i -
iota with two sulphate groups and »-lambda with
three sulphate groups. Carrageenan is degraded by
sonication; with increased intensity, the time of

carrageenan. The degradation rate reduces with
reduced pH and concentration. The degradation
rate is higher in K-carrageenan than 3-carrageenan;
asan, additional sulphate groups, is present in -
carrageenan that reducing the vulnerability in the
sonication method. As the sonication temperature
increases the molecular weight of carrageenan
decreases. The molecular weight of k-carrageenan
is 545 kDa which on sonication at 300C gives low
molecular weight fragments of 329 kDa, 301 kDa
at 400C and 285 kDa at 500C. The Sonication
method provides an efficient carrageenan oligomer
processing method. It forms thermoreversible gels
along with metallic ions or potassium ions that can
produce gels with proteins.

Thus, utilized in fresh cheese and chocolate milk.
The carrageenan oligomers are antiviral, antitumor,
plant growth promoter, anticoagulant, antioxidants
hydrogels for burns dressings. Other applications
encompass toothpaste, processed meats, infant
formula, cosmetics, and dermatological
preparations . Fig. 4 indicates a decrease in
molecular weight of carrageenan after sonication at

sonication increases the degradation rate of various temperature conditions.
FIG. 4: SONICATION OF CARRAGEENAN
1.3 Chemical Modification: Chemical

modification is a familiar method that modifies
polysaccharide structure by introducing substituent
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groups in the structures. This modification helps to
reinforce the polysaccharide bioactivities, including
antioxidant, antithrombotic and antitumor activity
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8 It deals with selective derivatization and Sulfation of Polysaccharides are done by using
degradation of polysaccharides for structure methods such as SO3-pyridine method, ionic
elucidation. Chemical modification strategies liquids-CSA-pyridine, oleum-dimethylformamide
consist of sulfation, alkylation, (DMF) method, chlorosulfonic acid
carboxymethylation, phosphorylation, and (CSA)-pyridine method and amino sulfonic acid
acetylation *. (ASA)-pyridine methods, of which the extensively
. ) used methods are CSA-pg/rldme method and the
polysaccharides is carried out by substituting  sy|phation of polysaccharides.
carboxyl, hydroxyl or amino-terminal groups with
sulfate groups, which improves their bioactivities.
OH o OPiv §05, pyriding ag. NaOH o 0
HO O Iy oy —> —> +Na-0350m°€,
.0 L?-a pyridine 0 DMSO rl, 4h W—LZU
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FIG. 5: SULFATION OF POLYSACCHARIDES

1.3.2 Carboxymethylation Modification:
Carboxymethylation introduces carboxymethyl
group withinside the polysaccharide chain.

Aqueous medium and organic solvent-based
strategies are extensively used for
carboxymethylation. In the agqueous medium
method, the polysaccharide is dispersed in an alkali
solution, observed through the addition of
monochloroacetic acid (MCA). The combined
solution is permitted to react vigorously for several
hours, since acetic acid is used as pH adjuster.

Alcohol is introduced to the solvent to produce
precipitate that is washed with ethanol and acetone.
The washed precipitate is dried below the low-
pressure situation to produce carboxymethyl
derivatives of the polysaccharide. In the Solvent
method, the polysaccharide is dispersed in
isopropanol, ethanol, or any organic solvent; MCA
is added for the etherification reaction at 2000C to
obtain carboxymethyl derivatives. Fig. 6 depicts
the carboxymethylation of polysaccharides.

FIG. 6: CARBOXYMETHYLATION OF POLYSACCHARIDES

1.3.3 Phosphorylation Modification: Phospho-
rylation introduces the phosphate group in the
polysaccharide chain. Due to the presence of
charged phosphate  groups, phosphorylated
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polysaccharides have great medicinal value, which
enables to enhance water solubility, change the
molecular weight, and alter the chain conformation
of polysaccharides. There are various methods
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reported for polysaccharides phosphorylation. Of
which the first method uses phosphoric acid or
phosphoric anhydride. Polysaccharides are first
dissolved in dimethyl sulfoxide (DMSQO), and then
phosphoric acid is added. The solution is saturated
at room temperature and neutralized to pH 6.8.
While in  the second method, sodium
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tripolyphosphate, sodium hydrogen phosphate,
sodium dihydrogen phosphate, sodium
hexametaphosphate, or mixed salts are utilised to
carry out phosphoq/lation without degradation of
polysaccharides Fig. 7 depicts the
phosphorylation of polysaccharides.

FIG. 7: PHOSPHORYLATION OF POLYSACCHARIDES

2.3.4 Acetylation Modification: Acetylation is an
electrophilic substitution reaction in which acetic
anhydride  (electrophilic ~ reagent)  attacks
polysaccharide molecules. The polysaccharide is
dispersed in solvents, including DMSO, H,O or
formamide.

After this, dropwise pyridine/Ac;0 or NBS/Ac,0is
added to the polysaccharide solution. This solution
is then cooled, followed by the addition of three
volumes of 95% ethanol for precipitation of
acetylated polysaccharide . Fig. 8 illustrates the
acetylation of polysaccharides.

FIG. 8: ACETYLATION OF POLYSACCHARIDES

1.35 Alkylation: The alkylation of
polysaccharides involves the addition of an alkyl
group to the terminal end of the primary chain.
Alkylating agents used particularly consist of
halogenated alkanes, higher fatty aldehyde, and
long-chain fatty acids. Alkylation decreases the
viscosity and improves the solubility of

polysaccharides that increases bioactivities such as
antioxidant, anticoagulant, and antitumor activities

Fig. 9 depicts the alkylation reaction of
glucopyranose. As we discussed various
modification methods of polysaccharides, the
effects of modified polysaccharides on properties
are discussed below.

FIG. 9: ALKYLATION OF POLYSACCHARIDES
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2. Effect of Modification on Properties of
Polysaccharides: Modification has great effects on
the polysaccharide’s physical and chemical
properties. This polysaccharide modification
modifies the chemical and physical properties like
its solubility, relative molecular mass, and intrinsic
viscosity. It also enhances antitumor, antioxidant,
anti-HIV, antibacterial, and anticoagulant activities.

Solubility: The polysaccharides show a wide range
of solubility; some are insoluble in water like
cellulose; some are soluble only in hot water
example, starch, while some dissolve readily such
as gum Arabic.

The molecular modification of polysaccharides
increases the solubility rate in water. The
introduction of ionic or hydrophilic groups within
the polysaccharides will increase the water
solubility. The increase in water solubility
transforms the polysaccharides into ideal dosing
forms that exert higher dissolution rates and faster
absorption. The aqueous solubility of the eryngii
polysaccharides in Pleurotuseryngii has sub-
stantially enhanced by sulfation. The sulphation
rate will increase as solubility increases by 56% to
86%. The number of ionic groups number increases
due to sulfation increases water solubility.
Similarly, the polysaccharides extracted from G.
lucidum have poor solubility in water, increased by
chemical modification to produce derivatives of
carboxymethylations. Thus, carboxyl methylated
polysaccharides had aqueous solubility of 100
mg/mL, which is 1000 times higher than the
original polysaccharides.

Molecular Weight: The high molecular weight
polysaccharides show low activity due to the
decrease in the ability to cross the cell barrier and
the difficulties in formulating dosage forms.
Without  difficulty, low molecular weight
polysaccharides pass the multi-cell membrane
barriers and show enhanced bioactivities. Physical
modification is an efficient method to reduce the
molecular weight of polysaccharides. The steam
treatment is a physical modification technique used
to modify the pectin extracted from thermally
treated olive oil by-products. Due to this, treatment
reduces the molecular weight by breaking the
pectin chain, which facilitates its use in liposomal
drug delivery for targeted action.

International Journal of Pharmaceutical Sciences and Research
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Viscosity: The polysaccharides with high intrinsic
viscosity interfere with in-vivo absorption and in-
vivo diffusion, limiting their bioactivity. Ulvan
polysaccharide obtained from green
algae Enteromorpha linzahas a high intrinsic
viscosity. When the degree of acetylation increases,
intrinsic viscosity reduces from 34.67 to 22.92
mL/g of modified polysaccharides.

The decrease of hydrodynamic polymer volume
reduces the viscosity. The addition of the acetyl
group changed the directional and horizontal orders
of polysaccharides exposing the hydroxyl groups of
the polysaccharide, which increases the aqueous
solubility of the polysaccharide and improves its
antioxidant activity. Polysaccharides modified by
acetylation methods show high antioxidant activity
(30%) compared to the polysaccharide that is not
modified (15%).

Biological Activity: S-RPS3 and P-RPS3 are
polysaccharides extracted from R. panacisjaponici,
and phosphorylation modification method is used.
It shows antitumor activities in in-vitro also in-vivo.
By adding more negative charges in the
polysaccharide chain, the water solubility of
polysaccharides was improved. S-RPS3 and
P-RPS3 have increased their ability to interact with
the macrophage receptor so that antitumor activity
has increased. The phosphorylated derivatives
show great inhibitory activity on the growth of B16
and MCF-7 tumor cells due to improved water
solubility.

Haibo Feng examined that the Radix Cyathulae
officinalis Kuan polysaccharides (pRCPS) are
phosphorylated and have an immunomodulatory
effect in the immunosuppressed mice and improve
the activity of humoral as well as cellular
immunity. These are extracted in water and
observed through ethanol precipitation. The
phosphorylation of RCPs to form pRCPs is being
explored for its cellular and humoral immunity
activities in the mice to the subunit of the hepatitis
B vaccine. pRCPS will greatly increase the serum
immunoglobulin (IgG, IgA, 1gM) concentrations,
thereby having better splenocyte proliferation and
the spleen and thymus indices. Additionally, they
promote peritoneal macrophage phagocytosis and
improve cytokine (IFN-y, IL-2, -4, -5, -6, and -10)
serum levels. pRCPS also improves the selected T
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cell subpopulations proportion ratios (CD3+,
CD4+, and the CD4+ to CD8+ ratio). These
outcomes indicate that the phosphorylation of the
polysaccharides improves their immunological
effects. The sulfate group is an effective
electron-withdrawing group which it enhances the
antioxidant activities.

To eliminate DPPH radicals, a greater degree of
sulphated polysaccharide is used efficiently. The
sulfate-modified polysaccharide has scavenging
activity nearly doubled that of the untreated
polysaccharide. The modified polysaccharides
from Sargassum  horneri  have intermediate
molecular weight and a very high sulfate content
and excellent antioxidant activity. The negatively
charged (sulfate groups) are combined with the
positively charged groups (coagulation protease
inhibitor antithrombin) to activate antithrombin and
produce the anticoagulation activity. After
carboxymethylation, acetylation and sulphation, the
negative charge density and solubility in water, as a
result, the anticoagulant activity of polysaccharides
is improved .

Sulfated polysaccharides (SPS) are generally
considered safe as well as biologically compatible
substances used in  modern pharmaceutical
research. Due to non-toxic and immunomodulating
effects, natural SPS nanoparticles have replaced
several chemicals in medicine and Pharma-
cotherapy, which induces harmful side effects;
therefore, the treatment cost is reduced and patient
compliance is improved. SPS coated metallic and
magnetic nanoparticles under research studies for
application in deep tissue imaging with enhanced
targeting efficiency additionally is evaluated for
better disease understanding and enhanced
strategies related to treatment 2.

Wang et al. reported the effects of antitumor in the
sulfated Artemisia sphaerocephala polysaccharides
(ASPs) on H22 tumor-bearing mice and three
cancer cells. ASPs exhibited superior in vitro
antiproliferative activity on HepG2 and Hela cells,
respectively, IC50 of 172.03 and 161.42 g/mL. In
vivo studies illustrated that these sulphated
polysaccharides considerably inhibited tumor
growth in the H22 tumor-bearing mice. The
inhibitory nature of low-dose ASPs (200 mg/kg)
and high-dose ASPs (400 mg/kg) were 60.85% and
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49.03%, respectively. The histological morphology,
cell cycle, and immunohistochemistry analysis
confirmed that ASPs should induce H22 cells cycle
arrest by suppressing the expression of mutant p53
protein. Hence results confirmed that sulphated
ASPs had advanced antitumor activity in vitro as
well as in-vivo studies. After modification of
polysaccharides, their biological, physical, and
chemical properties are enhanced, making the
modified polysaccharides widely available in
diverse fields.

3. Applications of Functionalized Poly-
saccharides: The modified polysaccharide
derivatives have extensive applications in drug
delivery, tissue engineering, gene therapy, targeted
cancer therapy, and diagnostics. Many maodified
polysaccharides have anticoagulant, antioxidant,
antitumor, and anti-HIV activities. Nanogels based
on polysaccharides are often used because of their
properties such as biological degradability,
biocompatibility, stimulus-sensitive  behaviour,
smoothness, and swelling properties, often used as
carriers for anti-cancer medicines; ensuring a
controlled control and activated response to the
target site 3. Polysaccharides have an intrinsic
capacity for the detection of certain cells whereby
the system is directed by receptor-mediated
endocytosis '*. The modified polysaccharides-
based hydrogels are used in wound healing,
implantable devices, coatings, and biosensors to
diagnose various biological components like
glucose, uric acid, proteins, and nucleic acids. Fig.
10 depicts various applications of modified
polysaccharides in diverse fields,

Materials

Chitosan

Application

FIG. 10: APPLICATIONS OF FUNCTIONALIZED
POLYSACCHARIDES
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3.1. Drug Delivery: The poor bioavailability of
molecules, drugs, and hydrophobic proteins
makes them a bad candidate for administration and
delivery. Therefore, modifications of natural
polysaccharides as carrier systems are examined by
improving their solubility of the active ingredient,
bioavailability, and stability.

Modified polysaccharides of natural origin are
often used as substituents for synthetic polymers to

E-ISSN: 0975-8232; P-ISSN: 2320-5148

produce polymeric microspheres, nanostructures,
self-assembled micelles that improve the release of
drugs into tumour areas The modified
polysaccharides are used to design sensitive
controlled released systems such as transdermal
films, oral tablets, matrix tablets, microspheres,
hydrogel bead systems, and nanoparticle systems.
The modified polysaccharides are often used in
micelles, liposomal and hydrogel-based systems
and are analyzed below. Fig. 11 illustrates various

dev_elop new dr_ug delivery systems. By adding 8 drug delivery systems based on modified
variety of functional groups on the polysaccharide  polysaccharides.
chain, modified polysaccharides are used to
-+ ~ ~
[
Drugs Polysaccharide-based Polysaccharide-drug
carrier ) conjugate )

S T

Polysaccharide
~—
N NN +
A~
Hydrophobic modified
polysaccharide

Drugs

vector

drugs

Hydrogel

Drugs encapsulated

FIG. 11: POLYSACCHARIDES BASED DRUG-DELIVERY SYSTEMS

3.1.1 Micelles and Liposomal Delivery System:
Micelles are supramolecular core-shell structures
that are caused by the self-assembling of
amphiphiles if their concentration is above critical
micellar concentration. Polymeric micelles have
hydrophobic and hydrophilic groups, which form
micellar arrangements in an aqueous solution for
drug encapsulation. The hydrophobic center core
acts as a drug carrier, while the hydrophilic shell
helps drug-loaded micelles escape the phagocytosis
process. Molecules of polysaccharides are not
amphiphilic and thus cannot form polymeric
micelles. Introducing hydrophobic groups in the
hydrophilic polysaccharide chain by modification,
the resulting amphiphilic molecules have the ability
to self-assemble in an aqueous solution as
nanoscale micelles. Polymeric liposome of
amphiphilic polymers having a bilayer membrane
structure Hydrophobic molecules such as
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cholesterol, steroid acid, deoxycholic acid, and
hydrophobic polymers are commonly used to
change polysaccharide molecules. Minimizing
interface  free energy allows amphiphilic
polysaccharides to be combined in micelles or
liposomes. Liposomes can transport  both
hydrophilic drugs and hydrophobic drugs. The
water-soluble drugs are present in the hydrophilic
cavity, while the hydrophobic drugs are present
between the phospholipid bilayers of the liposome.
These liposomes and micelles are wused in
controlled and targeted drug delivery *".

3.1.2 Hydrogel Delivery System: The hydrogel
consists of hydrophilic polysaccharides covalently
cross-linked to avoid their dissolution. The
hydrogel can quickly absorb and store a large
amount of water due to its hydrophilicity. The
modified polysaccharides are useful for the
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preparation of  polysaccharide-basedhydrogels
loaded with drugs. The chemical modification
introduces hydrophilicity into polysaccharides that
can be used as hydrogels 2. The drug molecules are
encapsulated in the gel matrix through non-
covalent binding, and the expansion of the gel
matrix releases the drug. The molecules of prodrug
form hydrogels by self-assembly, providing
sustained drug release like doxorubicin hydrogel
when injected into cancer tissues, isolated in cancer
cells, and achieved long-term drug release in the
cancer region. The modified polysaccharide
hydrogels are used in the controlled delivery of
various bioactive agents such as contraceptives,
ophthalmic, antibacterial, anti-cancer drugs,
enzymes, and antibodies *°.

3.2. Wound Healing: The use of modified
polysaccharides in wound healing is increasing due
to their nontoxicity, biocompatibility, biological
degradability, and adsorption capacity 2°. Alginate
gel dressings are highly absorbent, which restricts
and minimizes bacterial contamination. Wound
secretions are readily biodegraded #*. The dressings
retain the moist environment and promote healing
and tissue granulation. The alginates are easily
rinsed with sterile saline water, making dressing
removal painless and not interfering with healing
granulation. These dressings are very useful for the
treatment of moderate to heavily exudating wounds
22 For the treatment of wound infection due to E.
coli crossed linked hyaluronic acid hydrogel
complexed with Ethylene diamine tetraacetic acid-
Fe** is used. This complex is installed with the
platelet factor to reduce the inflammation of the
wound and avoid bacterial growth. Chitosan acetate
used in bandages provides high healing activity due
to its haemostatic and antimicrobial activity. Silver,
an antimicrobial agent used to treat skin infections,
a combination of chitosan acetate, shows
synergistic effects against MRSA, Pseudomonas
aeruginosa, and Staphylococcus aureus. These
modified polysaccharide-based hydrogels provide
sufficient moisture for the wound and act as
shielding against bacteria. Therefore they are used
as an effective adjuvant for wound healing .

3.3. Tissue Engineering: Tissue Engineering is a
part of biomedical engineering that uses
biochemical and physicochemical factors to
recover, maintain, and improves different types of
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tissues. The modified polysaccharides are widely
used in tissue technology by grafting the
polysaccharides because they are remarkable
materials for stimulating cells, biosensing, and
bioengineering applications %*. The grafted
polysaccharides have improved miscibility with
cellular components, and when injected in-vivo, it
gets converted into a gel. In addition, the modified
polysaccharide has improved mechanical properties
to carry cell loads and is used as the carrier for
stem cells. The functionalized polysaccharides used
include starch, cellulose, chitin, alginate, agar,
dextran, pullulan, and xanthan %. Chemically
modified starch microfibers are combined with
collagen nanofibers to create an extracellular
matrix equivalent to bone tissue engineering %. The
modified starch-polycaprolactone provides
favourable growth support for macro-and
microvascular endothelial cells in-vitro 27. The
purified plant cellulose is chemically converted
from short fibers into long fibers used to build
three-dimensional vascularized tissue in-vitro.
These cells form multilayers in the fibers and are
enzymatically eliminated by cellulase. The
remaining SMC maintains the lumen and therefore
imitates the newly formed blood vessels % .

Gelatin methacrylate hydrogels are a type of
methacrylamide-modified gelatin that was first
reported by Van Den Bulcke et al. (2017). They are
made by reaction of gelatin with methacrylic
anhydride. Gelatin methacrylate hydrogels are
applied in tissue engineering due to their
physicochemical properties and good
biocompatibility. Another example of a modified
polysaccharide is the modified polysaccharide of
tamarind kernel. A biomaterial is synthesized from
the polysaccharide of tamarind kernel that is
grafted with hydrophilic acrylic acid by radical
polymerization. They are used for the growth of
osteoblasts derived from mesenchymal stem cells.
The TKP acrylic acid can be substantially used as a
framework for various types of cells, particularly
for cost-effective bone tissue engineering .

3.4. Targeted Cancer Therapy: It is reported that
polysaccharides have activities against cancer and
can increase the effectiveness of chemotherapeutic
drugs . Pectin, complex polysaccharides of plant
origin, consisting of a galacturonic structure and
side chains of neutral sugars. It prevents colon
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cancer because it is dietary fiber. Pectin is modified
into low molecular weight mass fragments to
improve bioavailability and bioactivity . The
modified pectin fibers inhibit tumour growth,
induce apoptosis, suppress metastasis and
immunological reactions. The anti-cancer activity
of the modified pectin is due to the ligand
recognition by galectin-3 3. The anti-tumour
activity is responsible for triggering the activity and
is useful in reverse tumour resistance to several
chemotherapeutic agents. Modified pectin is a
suitable vehicle for anti-cancer drug delivery
systems and functions like a biological response
modifier used in the immunological system
regulation *. Hyaluronic acid is formed byan
alternate chain of D-glucuronic acid and N-acetyl-
D-glucosamine, which mainly exists in vivo as
sodium hyaluronate. HA is chemically modified in
three functional groups; carboxylic, hydroxyl and
acetamido groups. Activation of the paclitaxel
hydroxy group with carbodiimide for conjugation
with 4-bromobutyric acid to form ester-linked 4-
bromobutyric-paclitaxel. The 1V delivery of
paclitaxel is complicated due to hydrophobicity and
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paclitaxel, it is combined with hydrophilic HA.
Hyaluronic acid-based nanomaterials effectively
treat many cancers such as colon, ovarian, and
breast carcinoma. The use of nanomaterials based
on hyaluronic acid is used in drug delivery systems
and molecular images. Nanomaterials increase the
pharmacological activities of many hydrophobic
anti-cancer drugs, such as paclitaxel. doxorubicin,
and irinotecan **,

3.5. Biosensors: A biosensor is an analytical
device used to detect chemical substances by
combining a biological with a physicochemical
detector. Biosensor consists of three parts: (1) Bio-
recognition elements, (2) a transducer ** (3) a
signal processing system The recognition
elements include receptors, enzymes, antibodies,
nucleic acids, microorganisms, and lectins 2. The
modified polysaccharides offer many advantages
such as high sensitivity, diagnosis, and durability in
the production of biosensors and, therefore, help
detect 3 various biological components. Modified
chitin-chitosan, cellulose, and alginate-based
biosensors are discussed here. Fig. 12 illustrates

side effects. To overcome the limitations of Various components of biosensors.
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FIG. 12: COMPONENTS OF BIOSENSORS, VARIOUS MODIFIED

BIOSENSORS

3.5.1 Modified Chitinchitosan-based Biosensor:
Chitin and chitosan have good biocompatibility and
can form films and hydrogels. It contains nitrogen
and oxygen-based functional groups, which can be
modified chemically While electrochemical
research in-vitro determines the integrity and
lifetime of the entrapped macromolecules that
allow analyte recognition and quantification *. The
response achieved when the matrix-induced
degradation of the immobilized BRE (B
recognition element) occurs leads to the formation
of a stable and reproducible reaction. The
compatibility of the immobilizing layer with the

International Journal of Pharmaceutical Sciences and Research

POLYSACCHARIDES ARE USED IN

BRE gene is critical for durable sensor
performance. The tip and sensor design should not
trigger a local inflammatory host response. The
tissue compatibility and low immunogenicity of
chitin and chitosan are validated in many clinical
trials Chitin ~ and  chitosan  under
gophosphorylation, cyclodextrin linked, thiolation,
sulfation, and ferrocene-branched to obtain
functionalized derivatives. Functionalization of
amino groups of chitosan with electron-donating or
—withdrawing groups changes the charge on the
biomaterial *°. The use of modified chitin chitosan
films in electrochemical biosensors provided
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excellent sensitivity, and precision in detecting the
BRE and enhanced the performance of the
biosensor %.

3.5.2 Modified Cellulose-based Biosensor:
Nanocellulose (NC) is a distinct nature-based
nanomaterial that attracts attention in numerous
fields like biomaterials, bioengineering,
biomedicine, and digital gadgets, nanocomposites,
textiles, cosmetics, and food products. It gives a
great properties such as biodegradability, inherent
renewability, low density, commercial availability,
flexibility, optical transparency high porosity also
has extraordinary thermal, mechanical, and
physiochemical properties “*. Nanocellulose is
modified and applied in biosensing technology and
exhibits analytical data that relates to diverse fields,
including  medical diagnostic, environment
monitoring, food safety, bioimaging, and physical
and mechanical sensing applications. Cellulose
derivatives such as of block copolymers are used as
stimuli and responsive  mediators.  Regio,
selectively modified through the dissolution of
cellulose by ionic liquids via radical
polymerization, is used as a polyethylene glycol
derivative that produces honeycomb-patterned
films. Fluorescent molecules are also connected to
films, signifies the potential for site particular
biosensor functionality *2.

3.5.3 Modified Alginate-based Biosensor:
Polychlorinated biphenyls (PCBs) are the foremost
pollution in soil and the aquatic environment. The
possible treatment method used IS
Rhizoremediation by removing the PCBs from the
sediment and contaminated soils. Pseudomonas
fluorescens F113Rifpch is a rhizosphere bacterium
obtained from genetically engineered processes that
have the potential to deteriorate the polychlorinated
biphenyls (PCBs). F113L:1180gfpand F113
Rifpcbgfp are the biosensor strains that are capable
of  detecting PCB  biodegradation  and
bioavailability. Alginate is used for the
encapsulation process of microorganisms for
environmental and commercial applications. The
modified alginate beads formed by the
encapsulation process are uniform, easily handled,
non-toxic and biodegradable. Alginate beads
consist of a large bacterial population and release
bacteria over a long period. Encapsulating
whole-cell biosensors in modified alginate shows a
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useful detection tool for environmental pollutants.
Modified alginate beads remarkably increase
inoculant robustness and shelf-life, reducing the
associated cost and handling labour [52]. The
biosensor cell has containment within the modified
alginate beads that allows for easy recovery and
visualization of the biosensor cells from the
environmental matrices and provides an approach
for assessing the biodegradation potential of PCB
contaminated  soils Varied  modified
polysaccharides such as dextran, starch, and pectin
are utilized in varieties of biosensors for diverse
biomedical applications to a lesser extent.
Biosensors are applied in different biomedical
functions such as pathogen detection and cell
metabolite, wound healing, cancer monitoring, and
tissue  engineering and  detecting  small
biomolecules such as urea, glucose, cholesterol,
and lactate.

CONCLUSION: Polysaccharide chemistry has an
essential class of polysaccharides molecular
modification because it plays an essential function
as natural polysaccharides offer desirable
physiochemical properties, various bioactivities,
augmentation of innate biological activity, and
decreased side effects. These modifications modify
the molecular weight of polysaccharides, thereby
alternating the physical and chemical properties
and biological activities. Modification done by
chemical methods is an extensively used
functionalization method; it will increase the water
solubility and bioactivities of polysaccharides by
grafting diverse functional groups. Natural
polysaccharide modification scaffolds in the
polymeric carrier structures are investigated to
enhance drug stability; solubility also decreases the
induced toxicity.

It is widely used for synthetic polymer substitution
due to toxicity and immunogenicity limitations
withinside the development of new drug-delivery
systems. The polysaccharide backbone is
conjugated with different ligands to yield materials
that find utility in the fabrication of self-assembled
micelles, coated polymers microspheres, and self-
reorganized nanostructures, improving drug release
in target areas. The features of polysaccharides
associated with structures include glycoside bond
linkage, monosaccharide composition, molecular
weight, solution conformation, and degree of
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substitution play a crucial role in their bioactivity
profile. The functionalization of bioactive native
poly-saccharides to extend their application
landscape is a rapidly growing research area. The
functionalized polysaccharides are synthesized
using various methods such as acetylation,
sulphation, carboxymethylation phosphorylation,
and hydroxylation, which have been reported for
diverse polysaccharides of plant and marine origin.

The functionalized polysaccharides find application
in biosensors, drug delivery, wound healing,
diagnostics, and the food industry. The route of
synthesis in terms of reagents and reaction
conditions (reagent types, reagents ratio, reaction
conditions, and process feasibility) for the synthesis
of these polysaccharides is wide open for intensive
research and can result in the genesis of a diverse
array of functionalized materials with superior
attributes and applications.

ACKNOWLEDGEMENT: Authors are thankful
to the management, Dr. Bhanuben Nanavati
College of Pharmacy, for their constant
encouragement and moral support for writing this
review.

CONFLICTS OF INTEREST: The authors
declare no conflicts of interest.

REFERENCES:

1. Li S, Xiong Q and Lai X: Molecular Modification of
Polysaccharides and Resulting Bioactivities. Compr Rev
Food Sci Food Saf 2016; 15(2): 237-250.
doi:10.1111/1541-4337.12161

2. Suginta W, Khunkaewla P and Schulte A: Electrochemical
biosensor applications of polysaccharides chitin and
chitosan. Chem Rev 2013; 113(7): 5458-5479.
doi:10.1021/cr300325r

3. Amold ND, Brick WM, Garbe D and Brick TB:
Enzymatic Modification of Native Chitin and Conversion
to Specialty Chemical Products. Mar Drugs 2020; 18(2).
doi:10.3390/MD18020093

4. Kaczmarek MB, Struszczyk-Swita K, Li X, Szczesna-
Antczak M and Daroch M: Enzymatic modifications of
chitin, chitosan, and chitooligosaccharides. Front Bioeng
Biotechnol 2019; 7(9): 243. doi:10.3389/fbioe.2019.00243

5. Cheng HN and Gu QM: Enzyme-catalyzed modifications
of polysaccharides and poly (ethylene glycol). Polymers
Basel 2012; 4(2): 1311-1330. doi:10.3390/polym4021311

6. Minzanova S, Mironov V and Arkhipova D: Biological
Activity and Pharmacological Application of Pectic
Polysaccharides: A Review. Polymers Basel 2018; 10(12):
1407. doi:10.3390/polym10121407

7. Ogutu FO: Ultrasonic Modification of Selected
Polysaccharides-Review. J Food Process Technol 2015;
06(05). doi:10.4172/2157-7110.1000446

International Journal of Pharmaceutical Sciences and Research

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22.

23.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Latifi M, Ahmad A, Kaddami H, Hassan NH, Dieden R
and Habibi Y: Chemical Modification and Processing of
Chitin  for  Sustainable Production of Biobased
Electrolytes. Polymers Basel 2020; 12(1).
d0i:10.3390/POLYM12010207

Li S, Xiong Q and Lai X: Molecular Modification of
Polysaccharides and Resulting Bioactivities. Compr Rev

Food Sci Food Saf 2016; 15(2): 237-250.
doi:10.1111/1541-4337.12161
Takano R, Nagai T and Wu X: Sulfation of

polysaccharides using monomethyl sulfate. J Carbohydr
Chem 2000; 19(9): 1185-1190.
doi:10.1080/07328300008544142

Liu H, Li F and Luo P: Effect of carboxymethylation and
phosphorylation on the properties of polysaccharides from
sepia esculenta Ink: Antioxidation and anticoagulation in-
vitro. Mar Drugs 2019; 17(11). doi:10.3390/md17110626
Mourdo PAS: Perspective on the use of sulfated
polysaccharides from marine organisms as a source of new
antithrombotic drugs. Mar Drugs 2015; 13(5): 2770-2784.
doi:10.3390/md13052770

Thomas B, Raj MC and Athira BK: Nanocellulose, a
Versatile Green Platform: From Biosources to Materials
and Their Applications. Chem Rev 2018; 118(24): 11575-
11625. doi:10.1021/ACS.CHEMREV.7B00627

Sondhi P, Maruf MHU and Stine KJ: Nanomaterials for
biosensing lipopolysaccharide. Biosensors 2020; 10(1).
doi:10.3390/bi0s10010002

Operamolla A, Mazzuca C and Capodieci L: Toward a
Reversible Consolidation of Paper Materials Using
Cellulose Nanocrystals. ACS Appl Mater Interfaces 2021;
13(37): 44972-44982. doi:10.1021/ACSAMI.1C15330

Liu zZ, Jiao Y, Wang Y, Zhou C and Zhang Z:
Polysaccharides-based nanoparticles as drug delivery
systems. Adv Drug Deliv Rev 2008; 60(15): 1650-1662.
doi:10.1016/j.addr.2008.09.001

Sirisha VL and D’Souza JS: Polysaccharide-Based
Nanoparticles as Drug Delivery Systems. In: Marine
OMICS. CRC Press 2016; 641-682.
doi:10.1201/9781315372303-32

Hosny KM, Aldawsari HM and Bahmdan RH:
Preparation, Optimization and Evaluation of Hyaluronic
Acid-Based Hydrogel Loaded with Miconazole Self-
Nanoemulsion for the Treatment of Oral Thrush. AAPS
Pharm Sci Tech 2019; 20(7). doi:10.1208/S12249-019-
1496-7

Fois M, Arrigo P and Bacciu A: The Presence of
Polysaccharides, Glycerol and Polyethyleneimine in
Hydrogel Enhances the Performance of the Glucose
Biosensor. Biosensors 2019; 9(3): 95.
doi:10.3390/bios9030095

Pirzada M and Altintas Z: Nanomaterials for healthcare
biosensing applications. Sensors Switzerland 2019; 19(23).
doi:10.3390/s19235311

Raghuwanshi VS, Cohen Y, Garnier G, Garvey CJ and
Garnier G: Deuterated Bacterial Cellulose Dissolution in
lonic Liquids. Macromolecules 2021; 54(14): 6982-6989.
doi:10.1021/ACS.MACROMOL.1C00833

Efthimiadou EK, Metaxa AF and Kordas G: Modified as
Drug Delivery. In: Polysaccharides. Springer International
Publishing 2014; 1-26. doi:10.1007/978-3-319-03751-
6_23-1

Dai T, Tegos GP, Burkatovskaya M, Castano AP and
Hamblin MR: Chitosan acetate bandage as a topical
antimicrobial dressing for infected burns. Antimicrob
Agents Chemother 2009; 53(2): 393-400.

2600



Desai et al., IJPSR, 2022; Vol. 13(7): 2587-2601.

24.

25.

26.

217.

28.

29.

30.

3L

32.

Malviya R, Sharma PK and Dubey SK: Modification of
polysaccharides: Pharmaceutical and tissue engineering
applications with commercial utility (patents). Mater Sci
Eng C 2016; 68: 929-938. doi:10.1016/j.msec.2016.06.093
Bagékova L, Novotna K and Pafzek M: Polysaccharides as
cell carriers for tissue engineering: The use of cellulose in
vascular wall reconstruction. Physiol Res 2014; 63.
doi:10.33549/physiolres.932644

Kurakula M and Raghavendra Naveen N: In-situ Gel
Loaded with Chitosan-Coated Simvastatin Nanoparticles:
Promising Delivery for Effective Anti-Proliferative
Activity against Tongue Carcinoma. Mar Drugs 2020;
18(4). doi:10.3390/MD18040201

Tiwari S, Patil R and Bahadur P: Polysaccharide based
scaffolds for soft tissue engineering applications. Polymers
Basel 2018; 11(1). d0i:10.3390/polym11010001

Ko HF, Sfeir C and Kumta PN: Novel synthesis strategies
for natural polymer and composite biomaterials as
potential scaffolds for tissue engineering. Philos Trans R
Soc A Math Phys Eng Sci 2010; 368(1917): 1981-1997.
doi:10.1098/rsta.2010.0009

Sanyasi S, Kumar S and Ghosh A: A Modified
Polysaccharide-Based Hydrogel for Enhanced Osteogenic
Maturation and  Mineralization  Independent  of
Differentiation Factors. Macromol Biosci 2017; 17(3).
doi:10.1002/mabi.201600268

Pasqui D, Danieli E, Leone G, Torricelli P and Barbucci
R: A new Phosphorylated Polysaccharide for Biomedical
Applications: Generation of 3D Scaffolds with Osteogenic
Activity and Coating of Titanium Oxide Surfaces.
Macromol Symp 2008; 266(1): 23-29.
doi:10.1002/masy.200850605

Khan MA, Zafaryab M, Mehdi SH, Ahmad | and Rizvi
MMA: Physicochemical Characterization of Curcumin
Loaded Chitosan Nanoparticles: Implications in Cervical
Cancer. Anti-cancer Agents Med Chem 2018; 18(8): 1131-
1137. doi:10.2174/1871520618666180412114352

Sutapa BM, Dhruti APG and Gopa RB: Therapeutic and
pharmaceutical benefits of native and modified plant
pectin. J Med Plants Res 2018; 12(1): 1-6.
doi:10.5897/jmpr2017.6542

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Zhang W, Xu P and Zhang H: Pectin in cancer therapy: A
review. Trends Food Sci Technol 2015; 44(2): 258-271.
doi:10.1016/j.tifs.2015.04.001

Kim JH, Moon MJ, Kim DY, Heo SH and Jeong YY:
Hyaluronic acid-based nanomaterials for cancer therapy.
Polymers Basel 2018; 10(10): 1133.

Lee J, Adegoke O and Park EY: High-Performance
Biosensing Systems Based on Various Nanomaterials as
Signal  Transducers. Biotechnol J 2019; 14(1).
doi:10.1002/biot.201800249

Yafiez-Sedend P, Agui L, Campuzano S and Pingarrén
JM: What electrochemical biosensors can do for forensic
science? Unique features and applications. Biosensors
2019; 9(4): 127. doi:10.3390/bios9040127

Wang YH, He LL and Huang KJ: Recent advances in
nanomaterial-based electrochemical and optical sensing
platforms for microRNA assays. J Comb Math Comb

Comput 2019; 144(9): 2849-2866.
doi:10.1039/c9an00081j
Electrochemical Biosensor Applications of

Polysaccharides Chitin and Chitosan CONTENTS.
Accessed February 12, 2021. www.aladdin-e.com

Suginta W, Khunkaewla P and Schulte A: Electrochemical
biosensor applications of polysaccharides chitin and
chitosan. Chem Rev 2013; 113(7): 5458-5479.
d0i:10.1021/cr300325r

Shanmuganathan R, Edison TNJI, Lewis Oscar F, Kumar
P, Shanmugam S and Pugazhendhi A: Chitosan
nanopolymers: An overview of drug delivery against
cancer. Int J Biol Macromol 2019; 130: 727-736.
doi:10.1016/J.1JBIOMAC.2019.02.060

Golmohammadi H, Morales-Narvéez E, Naghdi T and
Merkoci A: Nanocellulose in Sensing and Biosensing.
Chem Mater 2017, 29(13): 5426-5446.
d0i:10.1021/ACS.CHEMMATER.7B01170

Edwards JV, Prevost N, French A, Concha M, DelLucca A
and Wu Q: Nanocellulose-Based Biosensors: Design,
Preparation, and Activity of Peptide-Linked Cotton
Cellulose  Nanocrystals Having  Fluorimetric  and
Colorimetric Elastase Detection Sensitivity. Engineering.
2013; 05(09): 20-28. doi:10.4236/eng.2013.59A003.

How to cite this article:
Desai D, Patil S and Khan T: Functionalization of polysaccharides-versatile strategies and their applications. Int J Pharm Sci & Res 2022;
13(7): 2587-01. doi: 10.13040/1JPSR.0975-8232.13(7). 2587-01.

All © 2022 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.

This article can be downloaded to Android OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google

Playstore)

International Journal of Pharmaceutical Sciences and Research

2601



