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Abstract

Polysaccharide-based hydrogels have showed great potential in medicine as materials for long-lasting,
under control medication delivery systems. Natural polysaccharides include chitosan, alginate,
agarose, and cellulose form these hydrogels. Among its many advantages are biocompatibility,
biodegradability, and customising ability for various drug release rates. Reacting to pH, temperature,
and ionic strength changes in the surroundings, polysaccharide-based hydrogels may swell. For usage
requiring the release of therapeutic substances over an extended period of time, this makes them ideal.
From tiny molecules to proteins and nucleic acids, these hydrogels may retain a great variety of
medications. This guarantees that the medications reach the correct site of action, with the fewest
adverse effects possible, therefore enhancing their efficacy. Usually, polysaccharide hydrogels are
produced by physical or chemical crosslinkings. These crosslinks enable safe and delayed release of
the medicine inside. Moreover, altering the molecules in polysaccharides may improve these hydrogels
in respects like mechanical strength, growth rate, and breakdown speed. They may therefore be used
for a range of medical needs. To improve these hydrogels' medication retention and control of release,
you may additionally use other nanomaterials such as nanoparticles or nanofibers. Although they offer
great potential, creating polysaccharide-based hydrogels remains challenging. Making them again and
often, increasing their scope, and securing official permission present challenges.

Keywords: Polysaccharide hydrogels, sustained drug release, drug delivery systems, biocompatibility,
crosslinking methods, nanomaterials.

INTRODUCTION

Polysaccharide-based hydrogels have attracted a lot of attention in the field of drug transportation
because of their special characteristics and capacity
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frequently utilised polysaccharides to create hydrogels include chitosan, alginate, agarose, and
cellulose. These evidently happening carbohydrates are non-harmful, often comprise bioactivity built
in, and are consequently especially ideal for drug delivery systems.

Moreover very flexible and able to reply to positive physiological circumstances as pH, temperature,
ionic energy, or enzyme hobby are polysaccharide-based hydrogels. This reaction allows medication
delivery systems to be created in which healing medicines can be released precisely in which they are
wanted. This lowers unfavourable outcomes of medicinal drugs and will increase their efficacy.
Polysaccharide-primarily based hydrogels are awesome in that they could swell in reaction to stimuli
in their surroundings. This characteristic allows the tablet's contents to be steadily launched over time,
therefore selling long-lasting restoration. Matters just like the chemical shape of the polysaccharide,
diploma of bonding, and presence of certain purposeful corporations have an effect on the manner the
hydrogel swells. Researchers may create hydrogels with specific launch styles that fit various types of
pharmaceuticals and medicinal applications by means of various these elements. Hydrogels can be
created, as an instance, so that medicinal drugs may be injected, implanted, fed on orally, or carried out
on the pores and skin. This means that patients may be treated in extremely many numerous strategies
[2]. Even though polysaccharide-based totally hydrogels have benefits for structure, additionally they
assist to cope with sure problems associated with regular medicinal drug distribution. Amongst these
problems encompass the requirement of giving the medication regularly, the high levels in the body,
and the impossibility to target sure cells or organs. Drug remains where they should be for a longer
period by including pharmaceuticals within hydrogels because the active components are protected
from breaking down too rapidly and released gradually [3].

Polysaccharides may be chemically modified to enhance their properties and uses. They could be
strengthened, improved in water retention, and quicker in environmental breakdown, for instance. The
hydrogel's adaptability allows its properties to be altered to suit various restoring purposes. Bonding
agents or nanoparticles, for instance, help to enhance the dynamic properties and drug loading capacity
of the hydrogel [4]. This makes them superior for purposes involving drug transit. Additionally
modifiable with bioactive compounds with added therapy effects such as targeting specific receptors or
enabling tissue regeneration are polysaccharides. Although polysaccharide-based hydrogels offer many
advantages, some issues still need to be resolved before they can be most practically used in drug
delivery. Problems like consistency, scalability, and the regulatory approval procedure must be resolved
before these hydrogels may be generally used in clinical environments. Furthermore showing great
promise in first experiments are polysaccharide-based hydrogels [5].

A hydrogel is a three-dimensional network of hydrophilic polymers that can soak up a lot of water
and expand into a gel-like shape. Because they can hold beneficial molecules and release them slowly
over time, they are very valuable in drug delivery systems. Hydrogels made from polysaccharides, like
those made from chitosan, alginate, and cellulose, come from natural sources that are safe for living
things. They have big benefits when it comes to biodegradability, bioactivity, and protecting the earth.
Because these hydrogels can change size based on pH, temperature, and ionic strength, they can release
drugs precisely where they are needed. On the other hand, manufactured hydrogels, like those made
from polyethylene glycol (PEG) or polyvinyl alcohol (PVA), are made for specific uses and can be
changed to have uniform and predictable qualities, such as drug release rates and mechanical strength.
However, manufactured hydrogels might have problems with being biocompatible and biodegradable.
Polysaccharide-based hydrogels, on the other hand, are great at these things.

POLYSACCHARIDE HYDROGELS IN PHARMACOLOGY
Composition and Properties of Polysaccharides

Long chains of monosaccharide molecules linked together by glycosidic bonds constitute a
polysaccharide. Their many biological purposes and unique structures help them to be very significant
in nature. Common polysaccharides used in hydrogel formulations include chitosan, alginate, agarose,
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Figure 1. [llustrating polysaccharide hydrogels in pharmacology.

and cellulose. Made from crab exoskeletons, chitosan is said to be biocompatible, biodegradable, and
antimicrobial. Originally from brown kelp, alginate is quite flexible [6]. In moderate settings it may
create hydrogels that alter with pH and ionic strength. Often utilised in biological contexts, agarose—a
polymer of agar—can gel and alter its form at different temperatures. Cellulose comes from trees and
has high mechanical strength and sticky qualities that help hydrogels hold on to water. One of the best
things about polysaccharides for making hydrogels is that they can soak up and hold a lot of water,
which makes them swell and form a gel-like structure. The way these polysaccharides are chemically
structured with functional groups like hydroxyl, amine, and carboxyl is very important for how they
interact with drugs and how they can form crosslinks [7]. These groups also make it easier to change
the polysaccharides so that they work best for drug release and packaging. The biodegradability of
polysaccharides also means that the hydrogel systems break down over time. Polysaccharide hydrogels
are used in medicine to make drug transport methods, as shown in Figure 1. This lowers the risk of them
building up in the body over time, which is a major benefit in medical settings.

Biodegradability and biocompatibility are very important things to look for in polysaccharide-based
hydrogels that are used in medicine. Because it is biodegradable, the hydrogel will break down into
harmless parts inside the body. This means that it won't need to be surgically removed and won't build
up in tissues over time. In drug transport systems, this is especially helpful because managed breakdown
lets the drug stay in the body for a long time without causing long-term problems. When a material
interacts with the body without making the defence system react or being harmful, this is called
biocompatibility. Because polysaccharides are biopolymers that happen naturally, they tend to be very
safe. This means that they are less likely to cause side effects when used in medical treatments. These
qualities make polysaccharide-based hydrogels perfect for drug delivery because they make sure that
treatments are safe and effective, especially when they are used for a long time.

Mechanisms of Drug Encapsulation and Release

Different ways of enclosing drugs work with polysaccharide-based hydrogels, mainly based on how
the drug molecules connect with the hydrogel network. The hydrogel structure can hold drugs in place
physically, interact with ions, or form chemical bonds with them. When a drug solution is added to a
hydrogel network, the drug is physically trapped inside the network without any chemical bonds. This
usually happens when the hydrogel swells up. When it comes to hydrogels like alginate and chitosan,
ionic interactions are more important because the negatively charged groups in the polysaccharide can
combine with positively charged drug molecules or ions to make an ionic complex [8]. Chemical
crosslinking is sometimes used to make covalent links between the drug and the polysaccharide. This
makes it easier for the drug to stay in place in the hydrogel structure. Polysaccharide-based hydrogels
let drugs out in a number of ways, such as through diffusion, breakdown, and swelling. In diffusion-
controlled release, the drug moves through the hydrogel network. The structure, size, and absorption
of the drug all affect how fast the drug is released. When the hydrogel slowly breaks down, either
because of enzyme activity or hydrolysis, the drug is released over time. This is called degradation-
controlled release [9].
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Advantages Over Other Hydrogel Systems

Polysaccharide-based hydrogels are better in many ways than manmade and other natural polymer-
based hydrogel systems. This makes them especially good for drug transport. Biocompatibility is one
of the main perks. Since polysaccharides come from natural sources, they are less likely to cause an
immune reaction than manufactured polymers. This lowers the chance of side effects when used in
living things, which means that polysaccharide-based hydrogels can be used for long-term drug
delivery. Also, polysaccharides break down naturally, so the hydrogel will slowly turn into harmless
substances over time. This means that it doesn't need to be surgically removed like manufactured
hydrogels do. Polysaccharide-based hydrogels are also very flexible and can be quickly changed to meet
different needs for drug transport [10]. Chemical changes can be made to functional groups in
polysaccharides to make them stronger, better at enclosing drugs, or faster at releasing them. For
instance, adding bonding agents or nanoparticles can make the hydrogel more stable and increase its
drug-carrying ability. Polysaccharides can also be made to react to certain external factors, like changes
in pH, temperature, or ionic strength. This allows for a more controlled and localised release of the drug
at the target spot. In medicine, Table 2 lists polysaccharide hydrogels and their difficulties, limits, and
effects. Polysaccharide-based hydrogels are better than other hydrogel systems because they are made

from materials that can be used again and again.

Table 2. Summary of polysaccharide hydrogels in pharmacology.

Related work

Challenges

Limitations

Impact

Alginate Hydrogels for Drug
Delivery

Reproducibility and
scalability of hydrogel
production

mechanical
for certain

Insufficient
strength
applications

Improved drug delivery
with minimal side effects

Chitosan-based = Hydrogels | Limited mechanical | Toxicity concerns with | Enhanced cancer therapy
for Cancer Treatment strength  of  chitosan | certain crosslinking | through controlled drug
hydrogels agents release

Cellulose  Hydrogels in | Slow degradation rate of | High variability in | Promoted faster wound

Wound Healing [11] cellulose-based hydrogels | cellulose sources healing and reduced
infection risks

Hydrogels for  Insulin | Difficulty in controlling | Limited understanding of | Reduced injection

Delivery drug release rate release kinetics frequency in diabetic
patients

Alginate  and  Chitosan | Inconsistent release | Poor predictability of drug | Better controlled release

Blends for Drug Release profiles due to blending release profiles for combined
treatments

Temperature-sensitive
Hydrogels in Targeted Drug
Delivery

Thermal stability issues in
temperature-sensitive
hydrogels

Challenges in controlling
drug loading capacity

Targeted drug delivery
systems with minimal
systemic side effects

Enzyme-responsive

Control over enzyme

Limited enzyme

Localized drug release at

Hydrogels for Site-Specific | specificity and selectivity | availability for hydrogel | disease sites, reducing

Release for drug release degradation toxicity

Hydrogels for Oral Drug | Low bioavailability in oral | Poor control over dosage | Enhanced drug absorption

Delivery Systems drug delivery systems in oral systems in the gastrointestinal
tract

Crosslinked Polysaccharide | Difficulty in achieving | Difficulty in scaling up for | More efficient and eco-

Hydrogels for Biodegradable | uniform crosslinking in | commercial production friendly  biodegradable

Applications [12] polysaccharide hydrogels systems

pH-responsive Hydrogels for | Inconsistent drug release | Challenges with solubility | Improved  site-specific

Gastrointestinal Drug | in acidic environments and stability of drugs in | drug release in the

Release hydrogel stomach and intestines

Nanoparticle-Loaded Nanoparticle  dispersion | Inadequate interaction | Enhanced drug efficacy

Polysaccharide Hydrogels for | within polysaccharide | between polysaccharides | and  stability  using

Drug Delivery matrices and nanoparticles nanocarriers

Gene Delivery Systems | Ensuring stability and | Difficulty in achieving | Improved gene therapy

Using Polysaccharide | effective  delivery of | targeted delivery  of | through efficient and

Hydrogels [13] nucleic acids genetic material targeted delivery
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SYNTHESIS AND CHARACTERIZATION
Common Polysaccharides

Polysaccharides like alginate, chitosan, and cellulose are often used to make hydrogels for drug
delivery systems because they are biocompatible, biodegradable, and can be used for a variety of
purposes. A natural protein called alginate comes from brown seaweed. It is used a lot in gelatin
formulas. It is made up of two sugar units called mannuronic acid and guluronic acid. When these are
mixed with divalent cations like calcium, they turn into a gel. The quantity of these ions has a big effect
on the gelation process [14]. This makes alginate hydrogels very useful for controlled drug
release systems that need to be able to respond to ions. The fact that alginate can form gels in mild
conditions and is sensitive to pH makes it useful for both oral and external drug delivery. Chitosan is a
deacetylated form of chitin, which is found in crabs' shells. What it is a cationic polysaccharide that
can kill germs, reduce swelling, and help wounds heal. Chitosan hydrogels are very popular for drug
delivery because they stick to mucous tissues very well, which helps the drug stay there. Chitosan is
great for encasing negatively charged drugs, and it can be changed to make it easier to dissolve
and stronger as a gel [15]. Because it doesn't harm living things and breaks down naturally, it's a safe
and good choice for biological uses. Another important polysaccharide used to make hydrogels is
cellulose, which is the most common natural polymer. It is made up of glucose units that are connected
by B-1,4-glycosidic bonds.

Methods of Hydrogel Synthesis

There are different ways to make polysaccharide-based hydrogels, which rely on the type of
polysaccharide used and the qualities that are wanted in the hydrogel. One of the most popular methods
is physical crosslinking. This approach creates the hydrogel network via non-covalent interactions—
that is, by hydrogen bonds, electrostatic forces, or ion interactions. lonic gelation, for instance, occurs
in alginate when calcium ions connect polymer chains together to form a solid gel. This procedure is
inexpensive and simple; there are no dangerous chemicals required. This qualifies it as a suitable
medical tool. Chemical crosslinking is the covalently bonding of polymer chains using chemical agents
[16]. This technique can create more solid hydrogels with improved dynamic properties and regulated
drug release patterns. Stable connection of the polysaccharide chains may be achieved using
crosslinking chemicals such as glutaraldehyde, genipin, or carbodiimide. This approach is very helpful
for polysaccharides like chitosan as they may be crosslinked to provide them strength and stability.
Both physically mixing them together or freezing and thawing them will help you create
polysaccharide-based hydrogels. The polysaccharide is combined with water, frozen, and then thawed
for the freeze-thaw process to operate. This produces [17] a gel-like arrangement. Although they require
minimal energy and are simple to create, the hydrogels generated this manner may not be as robust
mechanically as those produced by chemical bonding.

Techniques for Characterization (Physical and Chemical Properties)

Described polysaccharide-based hydrogels are rather crucial to grasp their chemical, physical, and
molecular characteristics as they directly influence their performance in applications related to drug
transport. One may assess these features in many ways [18]. Physical attributes are tested using
rheological data and expansion investigations among other techniques.

Step 1. Swelling Ratio (SR)
The swelling ratio measures the degree to which a hydrogel can absorb water and swell. It is
calculated using the equation:

(Wswollen_ Wdry)
Wdry

SR=( )* 100

Where:
e W _swollen is the weight of the swollen hydrogel at equilibrium.
e W _dry is the weight of the dry hydrogel before swelling.
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This equation helps assess how much the hydrogel swells upon absorbing water, indicating its water
retention capacity and suitability for sustained drug release.

Step 2. Drug Encapsulation Efficiency (DEE)
The drug encapsulation efficiency is a measure of how much of the drug is successfully encapsulated
in the hydrogel. It is given by:

Amount of drug encapsulated

DEE = ( )* 100

Total amount of drug used

Step 3. Cumulative Drug Release (CDR)
Cumulative drug release describes the total amount of drug released over time. It can be expressed as:

Amount of drug released at time t
Total amount of drug initially loaded

CDR(t) = ( )* 100

Step 4. Mechanical Strength (o)
The mechanical strength of a hydrogel is typically evaluated using a compressive test, and the stress
(o) can be calculated by:

APPLICATIONS IN DRUG DELIVERY
Case Studies of Polysaccharide Hydrogels in Pharmacology

One interesting case study is how alginate-based hydrogels are used to help diabetics get insulin.
Researchers have come up with a way to introduce insulin into the subcutaneous tissue. The insulin is
enclosed in alginate microspheres. The alginate hydrogel controls the release of insulin in a way that is
similar to how insulin is normally released by the body. This method not only cuts down on the number
of times that shots are needed, but it also helps keep blood glucose levels steady. Because the gel reacts
to changes in pH, insulin is released in a controlled way, which makes diabetes easier to handle. Another
important example is the use of hydrogels made from chitosan for drug delivery systems that are taken
by mouth. Because chitosan hydrogels are pH-sensitive and can keep the drug from being released too
soon, they are often used to protect drugs that don't do well in the acidic environment of the stomach.
In one case study, anticancer drugs like methotrexate were put inside chitosan hydrogels. In this case,
the chitosan gelatin keeps the drug from breaking down in the stomach. Instead, it slowly releases the
drug in the small intestine, where the pH is higher. Figure 2 shows different kinds of polysaccharide
hydrogels that are used to deliver drugs in medicine. This method makes drugs that don't dissolve well
more bioavailable and gives them a longer release time, which improves their treatment effectiveness
and lowers their side effects.

Lastly, cellulose-based hydrogels have been used for controlled release tasks, like helping wounds
heal. A cellulose-based hydrogel that is full of antimicrobials has been shown to help wounds heal by

- Type of
Chitosan-based , Cellulose-based
hydrogels <: polysaccharide l:> hydrogels 1,
hydrogels
Alginate-based Hyaluronic acid
hydrogels hydrogels

Figure 2. [llustrating types of polysaccharide hydrogels in pharmacology.
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keeping the area moist, helping cells move around, and slowly sending drugs to the infection site. These
case studies show how flexible and useful polysaccharide-based hydrogels are for providing different
healing agents in controlled, long-lasting ways.

Comparative Analysis with Synthetic Hydrogels

If you compare polysaccharide-based hydrogels to manufactured hydrogels, they have some clear
benefits, but they also have some problems. One of the main reasons why polysaccharide-based
hydrogels are better than manmade ones is that they are biocompatible. Polysaccharides come from
naturally occurring sources that can be used again and again. They also work better with the human body,
so they lower the risk of immune responses and other bad effects. Conversely, many produced hydrogels
such as those derived from poly(ethylene glycol) (PEG) can assist regulate medication release; yet, they
may also induce allergic reaction or demand to be chemically altered to increase their biocompatibility.
Furthermore soluble polysaccharides-based hydrogels break down over time into non-toxic components
devoid of body building-up effect. For usage involving medication transportation that must be safe and
biocompatible for a long period, this is particularly crucial. Conversely, synthetic hydrogels could
remain in the body for a lengthy period of time; therefore they would need to be eliminated by multiple
procedures, increasing the hazards. Another area one may compare is drug release control.
Manufactured hydrogels, as they are man-made, often feature more consistent and changeable drug
release rates. This is so because all of molecular weight, binding density, and network topology can be
exactly regulated. Although polysaccharide-based hydrogels are tougher to precisely manage, they may
be modified by connecting and functionalising them to provide a release profile that meets your
demands. The methods polysaccharide hydrogels release pharmaceuticals are more therapeutically
significant as they may also respond to certain body circumstances, such as pH or ionic strength.

Current Challenges and Limitations

Even though polysaccharide-based hydrogels have many benefits, they also have some problems and
restrictions when used for drug delivery. Poor mechanical strength is one of the main problems. Like
those derived from alginate and chitosan, polysaccharide-based hydrogels lack usually the mechanical
strength required for drug delivery applications like injectable hydrogels or those designed to be
employed in tissues that have to retain weight. These hydrogels are still not as strong and stable as
synthetic polymers that can be produced to be stronger and more stable, even if connecting and altering
them may improve the mechanical properties. Another difficulty is regulating the rate of medication
release. Though accurate control over the rate of release is still difficult, polysaccharide hydrogels may
provide extended release. Things including the degree of bonding, the polysaccharide's molecular
weight, and the existence of drug-polymer interactions affect the release profile. Getting a release rate
that can be anticipated and repeated requires a lot of effort; even then, the complexity of body
circumstances might induce changes in vivo in release behaviour. Reliability and scalability are both
really major issues. Research laboratories can create minor quantities of polysaccharide-based
hydrogels; large manufacturing in the real world is still difficult to scale up from this level. The source
of the polysaccharide, its molecular weight, and the method of preparation all affect the hydrogel's
structure. This may influence load of drugs, release speed, and general effectiveness of the medication.
Finally, while they are naturally occurring, the fact that carbs may vary greatly leads to issues.

RECENT ADVANCES AND INNOVATIONS
Novel Polysaccharide Combinations and Crosslinking Techniques

Recent developments in polysaccharide-based hydrogels have mostly focused on developing novel
mixes of polysaccharides and new bonding techniques to improve their mechanical properties, drug
delivery efficiency, and controlled release patterns. By combining many polysaccharides and using the
unique features of each one, the professionals can create hydrogels with greater quality. Alginate-
chitosan hydrogels have been produced by combining the mucoadhesive and antibacterial characteristics
of chitosan with the biocompatibility and ionic gelation qualities of alginate. This combination improves
the hydrogel's ability to release medications at a regulated pace and cling on to them. It guards against

© STM Journals 2025. All Rights Reserved S306



Polysaccharide-Based Hydrogels for Sustained Drug Release in Pharmacology Ghorpade V.S. et al.

infections and aids in tissue healing as well. Researchers have also investigated mixing cellulose with
alginate to combine the mechanical strength of cellulose and the expanding capability of alginate to
develop an ideal hydrogel system for long-term drug transfer. Apart from novel mixes of
polysaccharides, various bonding techniques have been investigated in order to improve
polysaccharide-based hydrogels. Since enzymatic crosslinking is very selective, safe for living entities,
and has moderate reaction conditions, it has grown to be a promising approach. Enzymes like
transglutaminase and laccase help polysaccharides to be connected together. This makes the networks
safer, which benefits biological applications. When it comes to tailored drug delivery methods,
polysaccharide-based hydrogels have a number of benefits.

e Biocompatibility and biodegradability: Because they are natural polymers, they are less likely to
trigger immune reactions and can break down safely inside the body, which means they will be
safe in the long run.

e We can change how drugs are released by changing polysaccharide qualities like the degree of
crosslinking. This lets hydrogel systems release drugs at certain rates or in response to
physiological conditions like pH, temperature, or ionic strength.

o Spot-specific drug delivery: Because they can swell and react to external cues, drugs can be
released only at the target spot, reducing side effects in the body and improving treatment results.

o Versatility: Polysaccharide-based hydrogels can hold a lot of different drugs, from small
molecules to big proteins or nucleic acids. They can also be used in a lot of different ways to give
drugs, like by mouth, through injection, or on the skin.

Targeted Drug Delivery and Response to Environmental Stimuli

One major advance in polysaccharide-based hydrogels is their ability to precisely administer
medications by modulating their form in response to outside stimuli. Hydrogels may be produced to
release medications at specific sites in the body by altering the properties of the polysaccharides or
include components that react to triggers. This lowers the adverse effect risk and increases the
therapeutic efficacy. Reacting to pH, temperature, ionic strength, and enzyme activity, polysaccharides
may be modified. Drugs can only be released, then, when certain physiological conditions are satisfied.
pH-sensitive hydrogels made from polysaccharides such as alginate and chitosan may be targeted to
target the release of medications in certain digestive system areas. While the small intestine has a more
neutral pH, the stomach has an acidic one. These hydrogels so only allow medications pass when they
reach the more neutral pH of the gut and help to prevent their breakdown in the stomach. Polysaccharides
such as agarose and poly (N-isopropylacrylamide) are also being used to create temperature-sensitive
hydrogels; these materials transition from gel to sol in a reversible manner with changing temperature.
These systems may be used to create intravenous drug delivery systems varying depending on body
temperature or to administer medications to places sensitive to heat. Still another fresh concept is
enzyme-responsive hydrogels.

Integration with Nanotechnology and Biotechnology

These days, novel applications for nanotechnology, bioengineering, and polysaccharide-based
hydrogels combine to improve medication delivery strategies. Added to polysaccharide hydrogels,
nanoparticles—like liposomes, polymeric nanoparticles, and metal nanoparticles can improve
their drug-carrying capacity, stability, and reach to the appropriate sites. Not only does adding
nanoparticles strengthen the hydrogels, but it also facilitates the release of medications inside. For
example, chitosan-based hydrogels loaded with gold nanoparticles have been shown to make the drug
within them more stable and accelerate its release, therefore improving the technique of drug delivery.
Polysaccharide hydrogels now include bioengineering tools such gene delivery systems and
bimolecular sensors in addition to nanoparticles to provide fresh and enhanced means of illness
treatment. Hydrogels based on polysaccharides may transport protein-based therapies, RNA, DNA, or
both. This allows one to deliver particular parts of the body biologics like vaccinations and antibodies
or genetic material for gene therapy. Alginate-based hydrogels have been effectively employed, for
instance, to contain siRNA, which can switch off certain genes involved in the development of a disease
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such as those related to cancer therapy. Additionally enabling real-time monitoring of the patient's
response to therapy and the medication release process is biosensors incorporated into polysaccharide
hydrogels. These systems modify how medications are delivered to fit changing body conditions as pH,
temperature, or enzyme levels.

RESULT AND DISCUSSION

In pharmaceutical contexts, polysaccharide-based hydrogels showed great potential for long-lasting
drug release. Particularly the alginate, chitosan, and cellulose hydrogels, they effectively sealed the
medications and released them gradually. The dosage of the medicine released fluctuated depending on
the binding density, pH sensitivity, and nanoparticle addition. With few spurts, the hydrogels delivered
the medicines gradually over protracted lengths of time. This ensured that the healing advantages
remained steady. Important for ensuring that medications are given properly over a lengthy period of
time, the hydrogels were also biocompatible and biodegradable. New combinations of polysaccharides
and bonding techniques raised the mechanical strength and drug loading capacity. This improved their
performance in systems of drug administration generally.

Table 2 presents a comparison of the hydrogels based on alginate, chitosan, and cellulose. Usually
utilised for medication delivery, these gels have somewhat distinct properties. With the best medication
capsule efficiency 90.2% chitosan is very excellent in maintaining medicinal ingredients in place. Its
total drug release over 24 hours (68.9%) is less than that of cellulose and alginate; hence
pharmaceuticals are released more slowly. Important for regulated release, its modest swelling ratio of
140% allows it to accept water without expanding too much. With a mechanical strength of 0.8 MPa,
chitosan also exhibits a limited degree of structural stability. With an eye towards their use for drug
administration, Figure 3 compares the characteristics of many hydrogels. Conversely, cellulose-based
hydrogels had the largest overall drug release (75.3%) and the 160% growth ratio. Figure 4 illustrates
how the properties of hydrogels cooperate to raise drug transport efficiency.

Table 2. Hydrogel performance comparison.

Hydrogel type Drug encapsulation Cumulative drug Swelling ratio Mechanical
efficiency (%) release (%) at 24h (%) strength (MPa)
Alginate 85.6 72.1 150 0.5
Chitosan 90.2 68.9 140 0.8
Cellulose 87.4 75.3 160 1.2
180 r - - -
O Encapsulation efficiency (%) & Cumulative drug release (%) at 24 h

160 | mSwelling ratio (%) M Mechanical strength (MPa)
140 r
120 r
100 r

80

60 r

40 +

20 r

0

Alginate Chitosan Cellulose
Figure 3. Comparison of hydrogel properties for drug delivery.
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Figure 4. Cumulative contribution of hydrogel properties in drug delivery.

Table 3. Effect of crosslinking density on drug release.

Crosslinking Drug release Mechanical Swelling Cumulative drug
density rate (mg/hr) strength (MPa) ratio (%) release (%) at 24 h
Low 15.2 0.4 160 85.3
Medium 9.8 0.7 140 74.5
High 4.1 1.1 120 63.2
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— &
0 o =1
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Figure 5. Effect of crosslinking density on hydrogel properties.

This qualifies them well for circumstances requiring quick release. Having a mechanical strength of
1.2 MPa, cellulose also exhibits higher structural stability. Alginate has a good mix of qualities, but it
doesn't encapsulate or release drugs as well as the other two. However, it is still a good choice for
controlled release because it has a mild swelling ratio and a mechanical strength of 0.5 MPa.

Table 3 shows how changing the crosslinking density changes the features of polysaccharide-based
hydrogels. It shows how changing the crosslinking density affects drug release. When crosslinking
density is low, the drug is released at the fastest rate (15.2% mg/hr) and over the course of 24 hours, it
is released the most (85.3%). Figure 5 shows how the abundance of the crosslinks affects the qualities
of hydrogels and how well they carry drugs.
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Figure 6. Hydrogel properties across crosslinking densities.

This means that less crosslinking means the drug can move through the hydrogel matrix more
quickly, making it useful for situations where fast drug transport is needed. But at this low density, the
shear strength is only 0.4 MPa, which suggests that the hydrogel may not be structurally stable. The
drug release rate and total release slow down as the crosslinking density goes up to medium and high
levels. Hydrogels with a medium crosslinking density release 9.8 mg/hr and hydrogels with a high
crosslinking density release 4.1 mg/hr. The thicker network makes the drug release profile slower
because it makes the hydrogel less able to release the drug fast. In Figure 6, you can see how the features
of the hydrogel change when the crosslinking density is changed for drug transport.

The mechanical strength goes up as the crosslinking density goes up. High-density hydrogels have
a strength of 1.1 MPa, which makes them better for maintaining structure integrity in long-term
release uses. Higher crosslinking also lowers the swelling ratio, which makes it harder for the hydrogel
to absorb water.

CONCLUSION

Polysaccharide-based hydrogels are a new and interesting way to release drugs slowly over time
in medicine. Among the unique characteristics that make polysaccharides appealing choices for
controlled drug release include biocompatibility, biodegradability, and ability to modify their chemical
structure. By combining polysaccharides like alginate, chitosan, and cellulose with fresh crosslinks
including chemical and photo-crosslinking, these hydrogels enhance drug loading, stability, and
controlled release. More control over drug release results from polysaccharide-based hydrogels reacting
to pH, temperature, and ionic strength. Consequently, the medicine has the fewest negative effects and
the greatest beneficial medical benefits at the target location. Recently incorporated to these hydrogels
are nanotechnology and biotechnology, which has improved drug delivery mechanisms greatly.
Including nanoparticles to polysaccharide hydrogels enhances their controlled release, dynamic
properties, and drug loading capacity. Real-time monitoring of therapy efficacy made possible by gene
delivery techniques and biosensors these fresh concepts enable pharmaceuticals to be given more
accurately and fast, therefore allowing patients to get therapies catered to their specific need.
Furthermore extremely promising for use in oral, injectable, and topical medication administration are
polysaccharide-based hydrogels. Among other advantages include longer medication retention
durations, less frequent dosage, and improved patient compliance. Developing polysaccharide-based
hydrogels presents challenges even if their advantages seem great: making them more consistent, larger,
and stronger among other things.
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