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ABSTRACT:

Hydro gels are crosslinked hydrophilic polymers that soak up lots of water/biological fluids. They're a rising
star in polymer-based systems for biomedical and pharmaceutical applications. This review discusses various
parameters of hydrogels such as surface properties, water content and swelling be effect of nature of polymer,
ionic content, and thermodynamics, all of which can influence the biomedical usage of hydrogels. Meanwhile,
intelligent or environment-sensitive hydrogels and bio adhesive hydrogels continue to be important materials
for medical applications; therefore, a part of this review is devoted to some of their important classes. This
review explores hydrogels' versatile uses in tissue engineering, wound dressings, immune isolation, drug
delivery, and more, highlighting their potential in biomedical fields.
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1.INTRODUCTION :

Polymers are the primary components of living systems. Material scientists are drawing inspiration from life
to design innovative polymeric materials.

Hydrogels are transforming drug delivery, enhancing treatments and opening doors to new therapies. Still,
tech limitations hold them back. Therefore, newer approaches are needed to overcome these barriers to realize
the actual therapeutic benefits of drug molecules. Recent decades have witnessed the appearance of synthetic
functional polymers and their application in the form of hydrogels. Since the pioneering work of Wichter le
and Lim on crosslinked HEMA hydrogels!!!, hydrogels have metamorphosed from simple applications such
as lubricants and contact lenses to controlled drug delivery systems, and finally evolved themselves as
specialized carriers for various macromolecules!?!

Structural parameters are important in defining the properties of hydrogels; therefore, a proper understanding
of this aspect is required.

Swelling characteristics, along with the diffusional behaviour of hydrogels, are the keys for their usefulness in
biomedical and pharmaceutical application. Swelling ratio influences solute diffusion coefficient, surface
wettability, mobility, and mechanical properties of the gel. surface characteristics = game changer.

They impact: Mobility ,Biocompatibility , Frictional properties

The polymer's chemistry influences these in different ways and to varying extents. Tweaking the chemistry
can optimize hydrogels for specific biomedical uses. The ionic character, electrostatic forces, thermodynamic
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activity, and nature of the polymer defi ne the equilibrium swelling and deswelling in addition to substantially
affecting polymer solvent interaction.

Based on the understanding of the structural and chemical characteristics, hydrogels have been widely used
for numerous biological, medical and technological applications. One of the most important drug delivery and
biomedical functions of hydrogels comes in the form of bio sensitive hydrogel, where the response to an
external stimuli drives the release of the drug. Such a system provides an opportunity for designing a self-
regulated drug delivery system.

Thus, the focus of this review is directed toward different structural parameters that influence drug release and
also toward a discussion of the latest developments and current research being pursued on hydrogels.

2. PROPERTIES OF HYDROGEL:
2.1. SURFACE PROPERTIES:

the surface characteristics of a hydrogel are important in determining its application and biocompatibility. For
any controlled release delivery system, a smooth surface would be desirable, whereas a porous and
heterogeneous gel surface is sought for application such as tissue engineering, in which cellular proliferation
can take place.l’! Because of their highly crosslinked and entangled network structure, hydrogels have
numerous pendent chains on the surface, and when these come in contact with water, their morphology
changes. these surface chains show higher mobility than those in the core, and this behaviour is dependent on
the nature of the solvent. Cellular interactions are highly dependent on surface characteristics. Highly
hydrophilic hydrogel surfaces show lower adsorption of proteins, giving them high biocompatibility. Also,
the frictional coefficients of the gels are generally low as a result of the high solvation capability of the
network.[*!
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2.2. WATER CONTENT:

the overall permeation of nutrients into and cellular products out of the gel is determined by the nature of
water in the hydrogels.

Dry hydrogel swelling: 1. Water binds to hydrophilic groups first
2.Hydrophobic groups expose to water

3.0smotic driving force kicks in — network imbibes more water, wants infinite
dilution. Cross-links in hydrogels resist extra swelling, causing elastic recoil and equilibrium swelling. this
can be explained by Flory rubber elasticity.[5] this process further leads to disintegration or solubilization of
the gel, provided the network chains or crosslinks are degradable. Pores form via phase separation during
synthesis or exist as smaller pores within the network. Impact on drug release or cell growth

quantifying key parameters is tough such as: Average pore size, Pore size distribution, Pore interconnections .
All these parameters are collectively termed tortuosity and are influenced by the composition and crosslink
density of the hydrogel polymer network.!

weight of water

Water content = x 100

Weight of water +weight of dry gel

2.3. DYNAMIC SWELLING :
For biomed applications, hydrogel swelling characteristics are crucial.
swelling ratio given in terms of:

weight of swollen gel

Swelling ratio =

weight of dry gel

diffusion of physiological fluids in materials is crucial for controlled drug delivery. Khare and Peppas [”!
studied dynamic and equilibrium swelling of poly(methacrylate-co-acrylic acid) (PMMA) gels. these gels
show a sudden or gradual change in their dynamic and equilibrium swelling proper-ties as the external
conditions are changed.

HEMA copolymer hydrogels (with methacrylic acid or acrylic acid) show anomalous water diffusion during
swelling. This means water movement doesn't follow simple Fickian diffusion - likely due to complex
polymer-water interactions.as the of the swelling medium increases and the ionic strength decreases. this
swelling behaviour is explained in terms of the concept of ion osmotic swelling pressure and ion exchange
kinetics. During the swelling process, polymer becomes rubbery, and this continues until the two advancing
glassy/rubbery fronts meet at the centre.
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the key factors in swelling properties :

1 poly(HEMA-co-MAA),

2. identified as ionization equilibrium,
3 polymer morphology,

4. buffer composition.

In addition,

pH,
ionic strength,
nature of counter ions, and

AW N

buffer composition influenced swelling behaviour.

the dynamic swelling behaviour of poly(methacrylic acid-co meth acryl oxy ethyl glucoside ]and
poly(methacrylic acid-g-ethylene glycol) hydrogels is significantly affected by the pH of the swelling medium.
the mechanism of water transport became more relaxation controlled in a swelling medium of pH 7.0, which
is higher than the p Ka of these gels.[*]

2.4. DIFFUSIONAL CHARACTERISTICS:

Diffusion of target molecules through hydrogel is of immense importance. Diffusion through hydrogel is best
described by Fick’s equation or by the Stefan—Maxwell equation, which correlates solutes flux with its
chemical potential gradient in the system. the structure, pore size, and polymer composition of gel are all taken
care of by the diffusion coefficient.® the porosity of gel is influenced by the chemical nature and length of
bridging units of the crosslinker. Porosity affects the diffusion characteristics of the gel. the solute diffusion
coefficient inside the gel can be described by the general equation for diffusion:

Di23= Dus.f (11,9, &)

Where,

D13 1s the diffusion coefficient ;

ri is solute molecule size ;

¢ 1s the polymer volume fraction; and
& is the mesh size of the gel.

For instance, polyethylene glycol-diacrylates (PEG-diacrylates) show improved swelling, and the
hydrophilicity of the network can further be modified depending on the length of the PEG chains."!

If the pH decreases substantially, dissociation of ionic linkages and dissolution of the network can occur,
leading to a faster drug release.[!%!!]

An increase in crosslinking density decreases swelling and thus diffusion by improving the stability of the
network %12 Moreover, a decrease of the polymer molecular weight lowers swelling and favours dissolution.
Drug release depends on the solubility and molecular weight of the drug and is influenced by its concentration
inside the gel network.!'!!

2.5. CHEMICAL ASPECTS:
1.EFFECT OF IONIC CHARACTER AND ELECTROSTATIC FORCES:

Ionic character affects the hydrophilic and swelling properties of the hydrogel. An increase in ionic content in
the polymer network increases the hydrophilicity and, therefore, leads to a higher equilibrium as well as faster
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swelling. The charge density of the polymer network affects the pH sensitivity of the gel. The gel pka
influences pH-dependent swelling kinetics.

Cationic gels swell at lower pH than gel pka. For an ampholytic gel, isoelectric pH is the deciding factor.[!*]

Donnan equilibrium explains how fixed charges on polymer gels control ion movement and swelling. Because
the gel has fixed charges, counterions build up inside it more than in the surrounding solution, creating an
electrical double layer and a Donnan potential. At equilibrium, ion chemical potential balances inside vs
outside the gel.

This effect lets you control drug release rates and target specific sites. Polyelectrolyte gels especially attract
higher-valence counterions, which bind tightly to fixed charges. The binding strength depends on ion valence
and how close the counterion gets to the fixed charge.

2. EFFECT OF POLYMER NATURE:

The change in hydrophobicity or hydrophilicity affects the swelling and diffusional properties of the gel. For
example, the addition of a hydrophilic polymer such as silk fibroin, polyethylene oxide (PEO),
polyvinylpyrrolidone (PVP),

Acidic/basic groups in polyelectrolyte hydrogels control ionization — changes swelling/deswelling speed. So
polymer choice + crosslinker properties = key for controlling drug release rates .further allows modulation of
drug release and extends the range of probable applications of hydrogels, [!%!3]

3. EFFECT OF THERMODYNAMICS OF GEL:

Hydrogel swelling cycles are governed by thermodynamics, balancing polymer-sol vent interactions and
network elasticity. The phenomenon can be described by the contributions of two opposing free energy forces

1. *Polymer/solvent interaction®™ — pulls water in, causes swelling
2. *Polymer network elasticity* — pulls back, opposes swelling

At equilibrium, osmotic pressure inside equals outside the gel. Flory’s theory treats the hydrogel like a special
solution where polymer mesh chains are crosslinked and can’t move freely. but the chains can become
elongated in a noninteracting way. Because the theory treats polymers as disconnected monomers, decoupling
chain entropy from environmental interactions.it overestimates the intrachain monomer repulsion .[6!415]

Although Flory's theory has been widely accepted, it is perceptibly desirable to minimize the errors in elastic
energy calculations. So Peppas and coworkers!'®!gave a unified molecular theory of polymer gels based on the
single-chain mean-field (SCMF) theory.

4.EFFECT OF CROSSLINKING AGENTS :

Polymers are crosslinked with agents to form hydrogels .Crosslinking = It impacts hydrogel chemistry,
diffusion, and degradation. An increase in the degree of crosslinking increases the glass transition temperature

(Tg).

Physical crosslinking by ionic interaction, homopolymer crystallization, stereo complexation, crosslinking
from amphiphilic block and graft copolymers, or physical energies may provide bet-ter alternatives to chemical
crosslinkers.[!”]

Ionic crosslinks are temporary in nature and can be weakened or broken by changing the pH and/or ionic
strength of the external swelling medium.!'®!
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3. TAXONOMY OF HYDROGELS:
3.1. ENVIRONMENT-SENSITIVE HYDROGELS:

All hydrogels tend to swell in the presence of water and shrink in the absence of water. The hydrogels that
swell or shrink in response to changes in the environment are called environment-sensitive hydrogels, stimuli
sensitive gels, or simply smart gels.[!”]

Hydrogels respond spontaneously to environmental changes, causing volume change, known as volume
transition. It is this distinctive property of smart gels that make them useful in various pharmaceutical,
biotechnological, and biomedical applications. The environment sensitivity of hydrogels can be governed by
physical and chemical parameters such as pressure, ultrasound, light, etc.,

1.PRESSURE:

Pressure can trigger volume phase transitions in hydrogels, so it’s used for pressure-sensitive drug delivery.
Hydrogels like P(NIPA Am), poly(N-n-propyl acrylamide), and poly(N,N-diethyl acryl amide) swell more
under hydrostatic pressure, especially when temp is near their LCST.

All these polymers are temperature sensitive, so the pressure sensitivity of such gels seems to be due to an
increase in their LCST values with pressure.!?’!

2. ULTRASOUND:

Ultrasound enhances permeation through biological barriers. Pulsatile drug delivery can be achieved by the
on/off application of ultra- sound to an ultrasound-sensitive hydrogel. Kwok and coworkers?!! prepared
surface modified hydrogels by grafting PEG on PHEMA surface

Figure : Stimuli sensitive hydrogels

3. ELECTRIC FIELD:

Electric-stimuli-sensitive gels often use pH-sensitive polymers in their design.These electrosensitive
hydrogels undergo volume changes under the influence of an electric current, and this property is responsible
for modulating drug delivery by "on/off" application of the electric field.*!

Electric fields make hydrogels change volume, and results differ if the gel touches the electrode vs sits in
water. Electrolytes make the effect even stronger.

Examples:
1. *Hydrolyzed polyacrylamide*: tiny voltage change — volume transition + collapse

2. *Sodium acrylic acid acrylamide co polymer*: without touching electrode, deformation depends on
electrolyte concentration. No electrolytes = gel shrinks under electric field.

In the absence of electrolytes, application of an electric field results in shrinkage of the gel because of
electroosmosis and electrophoresis from the hydrogel to cathode.!?’!

Poly(2-acryl-amido-2-methylpropanesulfonicacid-co-n-butylmethacrylate) hydrogels released edrophonium
chloride and hydrocortisone in a pulsatile manner using electric current.[*:

Electrosensitive gels power actuators and artificial muscles, converting chemical energy to mechanical energy.
However, these systems require a controllable voltage source.!*)
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4. MAGNETIC FIELD:

Application of magnetic field to modulate drug delivery rates is another area of interest. Langer and
coworkers!?%! studied magnetically controlled drug delivery from a polymer matrix by incorporating a small
magnet into the polymer matrix and subjecting it to magnetic field, which Bovine serum albumin (BSA)
release increased in vitro. In continuation, release studies were performed by incorporating insulin in an
ethylene-vinyl acetate copolymer membrane, where a cylindrical mag- net was placed vertically.*”!

Magnetic field—responsive hydrogel implants lowered blood glucose in diabetic rats or patients . With
complete design, they could be used clinically as artificial glands for controlled drug release.

S.LIGHT :

Light-sensitive hydrogels has an applications which develops photo-responsive devices, mainly in ophthalmic
drug delivery systems. the UV-sensitive hydrogels were synthesized by introducing a leucon derivative
molecule, bis(4-dimethylamino) phenylmethyl leucocyanide, into the polymer network.?*]

UV light triggers cyanide ion release — higher osmotic pressure — hydrogel swells.
Turn UV off and the gel shrinks back, at constant temperature.

Visible light-sensitive hydrogels were prepared by introducing a light-sensitive chromophore in poly(N-
isopropylacrylamide) hydrogel.[*”]

Chromophore absorbs light and converts it to heat, raising local temperature. That heat change controls how
thermosensitive hydrogels swell.

6. TEMPERATURE:

Thermosensitive hydrogels = temperature-triggered on/off drug release. Commonly used temperature-
sensitive gels include crosslinked poly(N-isopropylacrylamide-co-butyl methacrylate) (P(NIPP Am-co-
BMA)) hydrogels and interpenetrating polymer networks (IPNs) of P(NIPA Am) and poly(tetramethylene
ether glycol) (P(TMEG)).B%

Thermosensitive hydrogels exhibit swelling at high temperature and shrinking at low temperature. I[PNs of
poly(acrylic acid) (PAA) and polyacrylamide (PAA m) or P(AA m-co BMA) have positive temperature
dependence. B!

these have been studied for reversible drug release patterns using ketoprofen as a model drug.
7. PH:

The presence of pendent acidic or basic groups that either accept or release protons in response to changes in
pH makes a polymer pH sensitive. [

Polyelectrolyte hydrogels have ionizable groups that cause swelling through electrostatic repulsion. The
amount of swelling depends on pH, ionic strength, and counterions. For example, PAA ionizes at high pH and
PDEAEM at low p H. Because the GI tract pH varies from 1.2 to 7.8, pH-sensitive hydrogels are useful for
oral drug delivery. Polycation hydrogels can also minimize drug release at neutral p H.

For example, copolymers of methyl methacrylate and N,N, 9-dimethylaminoethyl- methacrylate (DMAEM)
released entrapped caffeine at pH 3-5; however, no release was reported at neutral p H. 3! In another example,
Patel and Amiji”®*! demonstrated the use of semi-IPN polycation hydrogels (chitosan-PEO) for stomach-
specific delivery of antibiotics.
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8. GLUCOSE:

a. Glucose-Sensitive Hydrogels Glucose-sensitive hydrogels is a new dimension in hydrogel research that have
opened up new avenues for researchers involved in diabetes treatment. For better treatment of diabetes, the
level of insulin must be in harmony with an increase in blood glu-8. Glucose. Glucose-Sensitive Hydrogels
Glucose-sensitive hydrogels is a new dimension in hydrogel research that have opened up new avenues for
researchers involved in diabetes treatment. For better treatment of diabetes, the level of insulin must be in
harmony with an increase in blood glucose level; this led to the discovery of glucose-sensitive systems for
insulin delivery.

this approach was based on competitive binding, where the glycosylated insulin molecule is bound to each
subunit of con A and is reversibly replaced from it by glucose in direct proportion to external glucose
concentration, 3%

The con A system had issues like leaking and altering insulin. Now, phenylboronic acid (PBA) is used; it forms
a gel with PVA for biosensing.

.The approach involves a polymer with pendant PBA forming a gel with PVA through complex formation.
these complexes, in the presence of glucose, swell and dissolve as a result of a decrease in crosslink density
caused by substitution reaction of glucose with the pendant hydroxyl group of polymer, facilitating the release

of insulin. B¢

PBA systems are sensitive at pH > 9; moreover, authors reported that the glucose specificity of PBA needs
further improvement. (7]

Researchers are working on glucose dehydrogenase (GDH) systems where insulin's grafted via disulfide
bonds. Glucose triggers GDH to generate electrons, reducing these bonds and releasing insulin. Downside: it
needs enzyme cofactors as electron mediators.

this system is associated with one major drawback—that is, a limited amount of insulin can be grafted onto
the polymer surface. %!

Glucose oxidase (GOD), which, when immobilized onto a pH-sensitive hydrogel, converts glucose to gluconic
acid in the presence of oxygen, has received considerable interest. the process of conversion of glucose to
gluconic acid lowers the pH of the medium that affects the swelling of pH-sensitive hydrogels and thereby
release . Exploiting this concept, Peppas and co workers***’] demonstrated a similar release pattern in response
to a change in glucose concentration.

3.2. BIO ADHESIVE HYDROGELS:

Bio adhesive hydrogels are three-dimensional polymer networks with high water content that adhere to
biological tissues through a combination of covalent bonds (for strength) and non-covalent interactions like
hydrogen bonding, electrostatic forces, and catechol-adhesion mechanisms inspired by mussels.

this delivery system is primarily designed with the intention of prolonging the residence time, thereby
increasing site-specific absorption and, consequently, bioavailability. Various advantages of bio adhesive

systems are listed in .

ADVANTAGES OF BIO ADHESIVE HYDROGELS:
1.Increased absorption rates

2.Minimization of diffusional barriers to absorption at intended site

3.Prolongation of residence time
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4.Improved intimacy of contact between two layers
5.Protection to biologically sensitive molecules
6.0verall improved bioavailability

Numerous theories have been proposed to explain the mechanism of bio adhesion, such as mechanical theory,
wetting theory, interpenetration or diffusion theory, electrostatic theory, and adsorption theory[*1°*l the gelling
properties essential to the function of mucus are a result of the presence of glycoproteins in the mucosal
secretion

A range of methodologies can be used for characterization of bio adhesion, such as studying drug release
behaviour, carrying out diffusion studies, evaluating mechanical and textural properties, and measuring the
shear stress, viscoelasticity, stability, and overall integrity of the product#®
nose, and mouth. It also lines the respiratory, gastrointestinal, and reproductive tracts

1 Mucus is produced in the eye, ear,
147]

DISADVANTAGES OF HYDROGELS & BIOMEDICAL USE:
1. Poor mechanical strength

2. Rapid burst release + poor controlled release

3. Limited loading of hydrophobic drugs

4. Sterilization difficulties

5. Slow/poor biodegradation control

6. Swelling causes problems in confined spaces
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FIGURE 2. Factors affecting the degree of bioadhesion in hydrogels.

We therefore discuss the routes of administration in which the bio adhesive hydrogels can be explored
1.BUCCAL ROUTE:

the buccal mucosa provides a readily accessible route for transmucosal delivery. However, a number of
factors limit the absorption of drugs from the buccal mucosa, including environmental factors such as the
exposure of oral mucosa to saliva and the production of shear forces during tongue movements and
swallowing, which displaces the adhering vehicle*®] Bio adhesive systems have been extensively studied
as a means of prolonging the residence time of the dosage form on the adsorbing membrane as well as
localizing drugs in a particular region, thereby enhancing the bioavailability* Eouani et alt®

2.0CULAR ROUTE :

Eye drops for ophthalmic drugs have poor bioavailability due to rapid tear clearance. Frequent dosing is
needed, which can be inconvenient for patients . If an ocular insert lacks appropriate mucoadhesive
properties, it can move around on the eyeball, causing more irritation, and can even be entirely lost or, if
the insert erodes and breaks into smaller pieces, cause blurring of vision'>!l the first report of a bio adhesive
ocular drug delivery system was by Hui and Robinson>?! To be a good bio adhesive, a hydrogel should

exhibit a near-zero contact angle to allow maximal contact with the mucin coat.*” Bern kop-Schnurch et
al>3]
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Controlled release of model drugs fluorescein and diclofenac salts was achieved by thiolate poly-based
ocular inserts, which were well accepted by all volunteers.[>*

3. VAGINAL AND CERVICAL ROUTE:

the vaginal route of administration has many advantages, because the vaginal epithelium is permeable to
awide range of large-molecular-weight drugs. the vagina provides a suitable site for systemic drug delivery
because of its large surface area and rich blood supply>>

Natural progesterone administered orally shows poor bioavailability because of its intensive hepatic
metabolism. Valenta et al.’® studied a novel carrier system Various gel preparations are also used for
spermicidal activity. Nagai and Woolfson®"-*8] investigated a novel bio adhesive hydrogel delivery system
for anticancer drugs used in uterine and cervical cancer.

4.PER ORAL ROUTE:

Oral delivery of peptides/proteins is tough due to degradation, low bioavailability. Bio adhesive drug
delivery systems are promising formulations, providing intimate contact with the absorbing membrane and a
prolonged residence time in the intestine.[>%¢%!

Bern kop-Schn u r ¢ h and Krajicek!®! studied chitosan/EDTA polymer complexes that can be used as vehicles

for the peroral administration of peptide and protein drugs. P(MAA-g-EG) was shown to possess
mucoadhesive properties because of the presence of the graft PEG chains, which serve as adhesion
promoter.[6263]

the high mucoadhesive capacity may reduce insulin degradation between microparticles and intestinal
absorbing membrane, thereby increasing insulin ab-sorption from the small intestine.[®¥ Also, the duration of
stay of the dosage form is greatly reduced if gastrointestinal transit time and hydrodynamic conditions are
taken into consideration %!

4. APPLICATIONS OF THE BIO ADHESIVE HYDROGEL:
4.1. WOUND DRESSING:

Due to the shortcomings of poor air permeability and inability to promote wound healing, traditional
wound dressings (such as gauze, cotton pads and synthetic Fibers) have always had various problems.[%®!
A wound dressing hydrogel can provide a moist environment for the wound, absorb tissue exudate and
possesses good biocompatibility and adhesion. It is considered to be a new type of wound dressing with
practical prospects.[%”) The bio adhesive hydrogel that can quickly polymerize at the wound, reducing blood
loss from the wound (Fig. A).[¢%

Due to their unique adhesion and absorption characteristics, hydrogels have been extensively studied in
haemostasis.[® it is easy to locally concentrate the clotting factors, red blood cells and platelets,!”®! which
can make the blood clot faster. Meanwhile, the bio adhesive function of the hydrogel can prevent the wound
from cracking again and effectively accelerate the hemostasias of the wound.!”!]
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For this purpose, people have been inspired by many adhesive organisms in nature and have prepared a series
of hydrogel adhesives!’!*!l | For example, due to the network structure and water binding capacity of the
hydrogel, it can promote the exchange of oxygen and nutrients, and provide a humid environment for the
migration of epidermal cells.l’*!

For example, glycoproteins play a vital role in the extracellular matrix and can promote wound healing.!”!
Inspired by this, researchers have developed a hydrogel with a chemical composition similar to natural
glycoprotein molecules.!” Skin wounds are very susceptible

to bacterial infections, which not only hinder wound healing, but also lead to systemic complications.!””]

Antibacterial hydrogels can inhibit the growth of a variety of bacteria (such as Escherichia coli,
Staphylococcus aureus, etc.) and provide a sterile environment for wound healing!’®! After the wound has
healed abnormally, it is easy to form scars and continues to affect human activities'’”) The hydrogel with
proper mechanical strength can keep the wound in a natural state and avoid scars after healing.[*"!

4.2. TISSUE ENGINEERING:

Tissue engineering is an emerging area of research that has enormous potential and broad biomedical
application prospects. Hydrogels are suitable as the base of the graft due to their flexible and soft structure,
similar to the natural extracellular matrix. Formation of implanted tissue is influenced by the composition,
architecture, and three-dimensional environment of scaffold and biocompatibility of the biomaterial.
Moreover, material porosity, pore size distribution and continuity greatly influence the attachment of
specific cell types and interaction of the biomaterials with the host 8283 High porosity is beneficial for the
supply of cells by oxygen and nutrients. When the distance between cell and blood vessels exceed 100—
200 u m ! the supply of sufficient oxygen in a consistent manner over time remains challenging in
particular for large tissue masses 3],
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Fig. 1.
Sources of hydrogels applied in tissue engineering and wound dressings with representative polymers.

However, with a few exceptions, most of the polymers in this group show minor biocompatibility and lack
biodegradation 186, Furthermore, natural products frequently suffer from high batch-to-batch variations

and require extensive purification procedures. Overall, this severely limits their scope of application 83}
[86], [87]

Dendritic cells and monocytes were shown to be activated by endotoxins in concentrations as low as 0.01
ng/ml corresponding to 0.05 EU/ml 18], Endotoxin levels in medical devices are therefore strictly regulated
with a limit of 0.5 EU/ml] (¥}

Fig. 2. Common hydrogels in the field of tissue engineering graded by their major strengths described in

literature (901 911, [921, [931, [941, [95]

Due to the semi-synthetic nature of Hy stem, batch-to-batch variations are less frequently observed than for
hydrogels solely derived from natural resources *°"l. Accordingly, the Hy stem platform has already been
used for the fabrication of customized, experimental tissue grafts °®%°!. The product is based on a chitosan
hydrogel, which is formulated to remain liquid at room temperature, but rapidly gels at body temperature
[100.101} 1 situ gelation allows for minimal invasive surgery, ease of application and filling of even complexly
shaped cartilage lesions 192,

This circumstance severely limits the scope of application, as neutral or alkaline pH leads to precipitation 1%,
The second major drawback of chitosan-based natural products are high batch-to-batch variations In contrast
to these products Joint Rep is characterized by defined chain length, molecular weight and degree of
deacetylation [104105],

Fig. 3. Structures of polymers in Hy stem and Joint Rep compared to their respective predecessors.

The treatment already proved to be effective in different animal models, not only after myocardial infarction,
but also in the case of traumatic brain injury and pulmonary arterial hypertension. Therefore, clinical trials are
planned in the close future 1%}
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CONCLUSION:

Hydrogels have undergone a revolutionary advancement in the past few years. various new biomedical
applications have come into the picture, and several have been revived. Multiple competence strategies
incorporating diversified research fi elds are now progressing to develop cures for diseases and disorders.
Tissue engineering, molecular imprinting, wound dressing, immune isolation individually or synergistically,
and drug delivery provide opportunities to design intelligent hydrogel-based systems for biomedical and
pharmaceutical application. Hydrogels have significant limitations, including low mechanical strength and
difficulties with sterilization. these limitations need to be overcome to realize the actual usefulness of
hydrogels for biomedical applications.
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