REVIEW ARTICLE Am. J. PharmTech Res. 2016; 6(3) ISSN: 2249-3387

AMERICAN JOURNAL OF
PHARMTECH RESEARCH

Journal home page: http://www.ajptr.com/

An Emphasis on Hydogels for Pharmaceutical Applications

Swapnali Shahaji Khapare'*, Mayuri GovindlBhandarel, Swati Gokul Talele.*, Anil
Jadhav

ABSTRACT

Hydrogels are cross-linked polymers with the capacity to swell in a fluid medium. Crosslinking in
hydrogels happens by synthetic or physical means relying upon the polymer properties and
exploratory conditions. Attributable to a vast assortment in concoction structure and crosslinking
strategies, different hydrogels have been set up for different applications in pharmaceutical and
biomedical fields. This part starts with brief presentation, preferences, detriments, order, sorts of
hydrogel are talked about likewise. They are insoluble because of the nearness of compound (tie-
focuses, intersections) and/or physical crosslinks, for example, ensnarement’s and crystallites.
These materials can be blended to react to various physiological boosts present in the body, for
example, pH, ionic quality and temperature. At last, the part finishes up with known hydrogel
applications in the pharmaceutical area.*
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INTRODUCTION

The strategy by which a medication is conveyed can significantly affect its adequacy. Some
medications have an ideal focus range inside which most extreme advantage is inferred, and
fixations above or underneath this reach can be dangerous or deliver no helpful advantage by any
means.

To minimize drug debasement and misfortune, to forestall destructive symptoms and to expand
drug bioavailability and the part of the medication collected in the required zone, different

medication conveyance and medication focusing on frameworks are presently a work in progress

Figure 1: Hydrogel
Hydrogel is a network of polymer chains that are hydrophilic ,waterinsoluble, sometimes found as
colloidal gel in which water is the dispersion medium. Hydrogel are highly absorbent natural or

synthetic polymer.

Figure 2: Hydrogelwater-swollen polymeric materials
Hydrogels are water-swollen polymeric materials that keep up a particular three-dimensional
structure. Hydrogel can contain more than 99.9% water. Hydrogels are three-dimensional,
hydrophilic, polymeric systems equipped for guzzling a lot of water or organic liquids. These
crosslinks give the system structure and physical uprightness. These hydrogels show a
thermodynamic similarity with water which permits them to swell in fluid media?®>.
CLASSIFICATION
On the basis of the nature of the cross linked junctions
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1. Chemically crosslinked networks having permanent junctions.

2. Physical networks have transient junctions arising from polymer chain entanglements or

Basic difference in gel and hydroge

125

physical interactions viz. ionic interactions, hydrogen bonds or hydrophobic interactions®.

Table 1: On the basis of origin®

Characteristics Natural origin Synthetic polymers
Preparation By using natural polymer By chemical polymerization
Advantages Biocompatible Inherent bioactive

Biodegradable properties absent

Supports cellular

Activities

Disadvantages  Does not possess
sufficient mechanical
Properties
May contain pathogen
Evoke immune and
Inflammatory

Responses

Examples - Proteins like collagen Acrylic acid
And gelatin Hydroxyethyl
Polysaccharides Methacrylate
Like (HEMA)
alginate and Vinyl acetate
Agarose

|6,7

Both gels and hydrogels may be comparative artificially, yet they are physically particular.
D. Jordan reasonably depicted gels as "The colloidal condition, the gel, is one which is
simpler to perceive than to characterize

Technically, gels are semi-strong frameworks including little measures of strong, scattered
in moderately a lot of fluid, having more strong like than fluid like character. In some
cases, hydrogels are likewise portrayed as fluid gels as a result of the prefix 'hydro'.
Although the expression "hydrogel” suggests a material effectively swollen in water, while
in a genuine sense hydrogel is a cross-connected system of hydrophilic polymers. They
have the capacity to retain a lot of water and swell, while keeping up their three-
dimensional (3D) structure.

Hydrogels show swelling in fluid media for the same reasons that an undifferentiated from
direct polymer breaks down in water to shape a standard polymer arrangement.
Subsequently, the component vital to the working of a hydrogel is its intrinsic cross-

connecting.
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» Conventional gels can likewise grow little levels of cross-connections as an aftereffect of
an increase in vitality affected by shear strengths, yet these are reversible
« Because of the above quality hydrogels is a polymer system, these polymers produce
frameworks that augment a scope of rigidities, starting with a sol and expanding to jam, gel
and hydrogel. Along these lines, hydrogel, now and then alluded to as xerogel, is a more
inflexible type of gel
Classification of Hydrogel Based Systems **
» Hydrogels can be used in different types of controlled release systems.
» These are classified according to the mechanism controlling the release of drug from the
device as
1) Diffusion controlled systems.
2) Swelling controlled system.
3) Chemically controlled system.
4) Environmental responsive systems
1) Diffusion Controlled Release Systems
Diffusion is the most common mechanism controlling release. hydrogel based drug delivery

system®
Table 5: Drug Diffusion Coefficients*
Hydrogels Drug diffusion
Coefficients
Porous Hydrogels- pore size >>> molecular Related to porosity
dimensions of drug
Non- porous Hydrogels Decreases due to stearic hindrance
Porous gels with pore sizes comparable to the from polymer chains with in cross
drug molecular size linked networks.

Types of diffusion - controlled hydrogel delivery systems are as follows

e Reservoir system

e Matrix system

e Reservoir devices:
They comprises of polymeric film encompassing a center containing a medication . Ordinarily
store gadgets are cases, chambers, pieces or circles. Rate constraining stride for medication
discharge is dispersion through the external layer of the gadget®.

Matrix devices:
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In matrix devices the drug is dispersed through out the 3D structure of the hydrogel. Release occur
due to diffusion of the drug through out the macro molecular mesh or water filled pores.

2) Swelling Controlled Release Systems:

e In these release drug systems the drug is dispersed within a glassy polymer .

e Up on contact with biological fluid, the polymer begins to swell.

e As the penetrant enters the glassy polymer, the glass transition temperature of the polymer

is lowered allowing for relaxations of the macro molecular chains.

3) Chemically Controlled Release Systems
It characterizes molecule release based on reactions occurring within a delivery matrix. Most
commonly occurring reactions are

e Cleavage of polymer chains via hydrolytic or enzymatic degradation.

e Reversible or irreversible reactions occurring between the polymer network and releasable

drug.

e It can be categorized on the basis of reactions occurring during drug release®* %
They are of two types:
Erodible medication conveyance framework
In erodible framework drug discharge happens because of debasement or disintegration of the
hydrogel. It is otherwise called degradable or absorbable discharge framework, can be either lattice
or repository sort. In store sort gadgets the film dissolves altogether and medication is discharged
by dissemination system. Zero request discharge can be gotten by this framework.*"®
Pendent chain framework
In pendent chain framework medication is joined to the polymer spine through degradable
linkages. As these linkages corrupt medication is discharged . This framework comprises of straight
homo/co-polymers with medication connected to the spine chains. The medication is discharged
from the polymer by hydrolysis or enzymatic debasement of these linkages.*®
Stimuli-touchy Swelling-controlled Release Systems
Naturally delicate hydrogels can react to changes in their outside surroundings. They show
emotional changes in their swelling conduct, system structure, porousness or mechanical quality
because of changes in the pH or ionic quality of the encompassing natural liquid, or temperature.
Different hydrogels can react to connected electrical or attractive fields, or to change in the

grouping of glucose. Because of their inclination, these materials can be utilized as a part of a wide
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assortment of utilizations, for example, division films, biosensors, manufactured muscles,
substance valves and medication conveyance gadgets.*

pH-Sensitive Hydrogels

Hydrogels displaying pH-subordinate swelling conduct contain ionic systems contain either acidic
or essential groups. In fluid media of fitting pH and ionic quality, these gatherings ionize, and
create altered charges on the gel. As a consequence of the electrostatic aversions, the uptake of
dissolvable in the system is increased. lonic gatherings, for example, carboxylic or sulfonic
corrosive, show sudden or slow changes in their element and balance swelling conduct as a
consequence of changing the outer pH. In these gels, ionization happens when the pH of the earth
is over the pKa of the ionizable gathering.

As the level of ionization increments (expanded framework pH), the quantity of altered charges
increments, bringing about expanded electrostatic aversions between the chains This, thus, brings
about an expanded hydrophilicity of the system, and more prominent swelling proportions.
Temperature-delicate Hydrogels

Temperature-delicate hydrogels have increased impressive consideration because of the capacity
of the hydrogels to swell or deswell as an aftereffect of changing the temperature of the
encompassing liquid. Broadly utilized as a part of on off medication discharge regulations,
biosensors and insightful cell society dishes.

Thermo sensitive hydrogels can be delegated positive or negative temperature-touchy frameworks.
A positive temperature-touchy hydrogel has an upper basic arrangement temperature (UCST).
Such hydrogels contract after cooling underneath the UCST. Negative temperature-delicate
hydrogels have a lower basic arrangement temperature (LCST). These hydrogels contract after
warming over the LCST.

Other Stimuli-delicate Hydrogels:

A few jolts, other than pH and temperature, can trigger medication discharge from a terminal.
These incorporate physical jolts, for example, light, attractive field, electric current and ultrasound,
which can be connected to the frameworks remotely. Synthetic boosts, similar to ionic species,
certain concoction substances and natural mixes.

Monomers and hydrogel structure

Monomers

An advantageous approach to characterize hydrogels depends on the way of the side gatherings;

they can be either nonpartisan or ionic. The concoction nature and number of these pendent
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gatherings can be correctly controlled by the decision of the substance elements utilized as a part
of the polymer combination.

Hydrogels are likewise utilized as bearers that can connect with the mucosa lining in the
gastrointestinal (GI) tract, colon, vagina, nose and different parts of the body because of their
capacity to drag out their home time at the conveyance area °. Monomers frequently utilized for the
amalgamation of mucoadhesive polymers incorporate acrylic and methacrylic corrosive (MAA).
Chains of polymerized ethylene glycol, either uninhibitedly stacked in the bearer or joined to the
polymer surface, have been used as bond promoters *°. The stealth' properties of poly(ethylene
glycol), referred to likewise as PEG, have additionally been utilized to lessen the uptake of
particulate transporters by the reticuloendothelial framework **.

Network design and structure

Scientific comprehension of different properties viz. connection parameters, material properties,
motor profile and transport instruments helps in planning the system of complex hydrogel
frameworks by distinguishing the deciding parameters which chooses the rate and degree of
medication discharge. Also scientific displaying prompts gadget outline by diminishing the
number of trials performed by inquires about for comprehension the discharge mechanisms?.

Table 2: Hydrogel structure®

Structure Range Release Mechanism

Macroporous 0.1-10pum Depends on drug diffusion coefficient
Microporous 100-1000um Molecular diffusion and convection
Non-porous  10-100um Diffusion

The polymer volume fraction in the swollen state is a measure of the amount of aid imbibed and
retained by the hydrogel. The molecular weight between two consecutive crosslinks, which can be
either of a chemical or physical nature, is a measure of the degree of crosslinking of the polymer. It
is important to note that due to the random nature of the polymerization process itself, only

average values of MC can be calculated
MATERIALS AND METHOD

Crosslinking

Copolymerization of monomers utilizing multifunctional co-monomer, which goes about as cross
connecting specialist, compound initiator starts the polymerization response which can be
completed in mass, arrangement or suspension.

Cross connecting of straight polymers by light or by substance mixes. Monomers utilized here

contain an ionizable gathering that can be ionized or can experience a substitution response after
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the polymerization is finished. Therefore, the hydrogels integrated may contain pitifully acidic
gatherings like carboxylic acids or feebly essential gatherings like substituted amines or a solid
acidic and basic bunch like sulfonic corrosive and quaternary ammonium mixes. Cross linkers
consolidated are glutaraldehyde, calcium chloride and oxidized konjacglucomannan (DAKS). They
grant adequate mechanical quality to the polymers and in this way anticipate burst arrival of the
medicaments®.

Isostatic Ultra High Pressure

Suspension of natural biopolymers (eg.-starch) are subjected to ultra high pressure of 300-700
MPa for 5 or 20 minutes in a chamber which brings about changes in the morphology of the
polymer .13

Nucleophile Substitution Reaction

A pH and temperature sensitive hydrogel viz. hydrogel of N-2-dimethylamino ethy
Imethacrylamide (DMAEMA) has been prepared using nucleophilic substitution reaction between
methacyloyl chloride and 2-dimethylamino ethylamine™*

Using Gelling Agents

Gelling agents like glycophosphatel-2propanediol, glycerol, trehalose, mannitoletc have been used
in the preparation of hydrogels. However, presence of negative charged moieties and turbidity are
the problems associated with the method™.

Use of irradiation and freeze thawing

Irradiation method is suitable as well as convenient but the processing is costly along with the poor
mechanical strength of the product .Freeze thawing method imparts sufficient mechanical strength
and stability to the hydrogels except that they are opaque in appearance with little swelling
capacity. However, hydrogels prepared from microwave irradiation are more porous than
conventional methods®®.

Synthesis of hydrogel in industry

Formulation of monomer along with initiators and additives lead to polymerization which forms
the gel. The gel is dried, sieved and mixed with other additives and post treatment is done if
needed. The final formulation is packed and dispatched *
Physical, Chemical And Toxicological Properties Of Hydrogels: *"*8
» Factors affecting swelling of hydrogels.

» Mechanical properties.

» Cytotoxicity and in-vivo toxicity.

» Factors Affecting Swelling Of Hydrogels

WWW.ajptr.com 130



http://www.ajptr.com/

Swapnaliet. al., Am. J. PharmTech Res. 2016; 6(3) ISSN: 2249-3387

Two ratio of factors affecting Swelling of hydrogels :-

Crosslinking ratio

It is defined as the ratio of moles of crosslinking agent to the moles of polymer repeating units.
The higher the crosslinking ratio, the more crosslinking agent is incorporated in the hydrogel
structure. Highly cross-linked hydrogels have a tighter structure, and will swell less compared to
the same hydrogels with lower crosslinking ratios Crosslinking hinders the mobility of the polymer
chain, hence lowering the swelling ratio.

Chemical Structure

The concoction structure of the polymer may likewise influence the swelling proportion of the
hydrogels. Hydrogels containing hydrophilic gatherings swell to a higher degree contrasted with
those containing hydrophobic groups. Hydrophobic bunches breakdown within the sight of water,
accordingly minimizing their introduction to the water particle. Thus, the hydrogels will swell a
great deal less contrasted with hydrogels containing hydrophilic bunches.

Swelling of earth delicate hydrogels can be influenced by particular boosts. Swelling of
temperature-delicate hydrogels can be influenced by changes in the temperature of the swelling
media. lonic quality and pH influence the swelling of ionic quality and pH-delicate Hydrogels,
respectively. There are numerous other particular jolts that can influence the swelling of other
ecologically responsive Hydrogels.

Mechanical properties:

Mechanical properties of hydrogels are very important for pharmaceutical applications. The
integrity of the drug delivery device during the lifetime of the application is very important to
obtain FDA approval, unless the device is designed as a biodegradable system. A drug delivery
system designed to protect a sensitive therapeutic agent, such as protein, must maintain its integrity
to be able to protect the protein until it is released out of the system. Changing the degree of
crosslinking has been utilized to achieve the desired mechanical property of the hydrogel.
Increasing the degree of crosslinking of the system will result in a stronger gel. However, a higher
degree of cross-linking creates a more brittle structure. Hence, there is an optimum degree of
crosslinking to achieve a relatively strong and yet elastic hydrogel. Copolymerization has also
been utilized to achieve the desired mechanical properties of hydrogels. Incorporating a co-
monomer that will contribute to H-bonding can increase the strength of the hydrogel.

Cytotoxicity and In-vivo Toxicity:

Cell culture methods, also known as cytotoxicity tests, can be used to evaluate the toxicity of
hydrogels.
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Three common assays to evaluate the toxicity of hydrogels include

e Extract dilution.

e Direct contact.

e Agar diffusion
Most of the problems with toxicity associated with hydrogel carriers are the unreacted monomers,
oligomers and initiators that leach out during application. So, a good understanding the toxicity of

the monomers and initiators used is very important®*=°.

RESULTS AND DISCUSSION

Various methodologies have been proposed to accomplish drug conveyance frameworks for
efficient treatment. Among them, hydrogels have pulled in impressive consideration as incredible
contender for controlled discharge gadgets, bioadhesive gadgets, or targetable gadgets of remedial
specialists. Hydrogel-based conveyance gadgets can be utilized for oral, rectal, visual, epidermal
and subcutaneous application.

Figure 3 delineates different locales that are accessible for the use of hydrogels for medication
conveyance. Superb surveys in connection to this point are promptly accessible [107+111].
Chronicled research patterns on hydrogel plans for pharmaceutical applications, and the life
systems and physiology of every organization site, can be found in these reviews. Therefore, the

present paper will mostly overview later reports distributed in the most recent couple of years.

Ocular

Nasal

Oral cavity

Stomach Transdarmal

Small
Intestine
Subcutancous

Iimplants
Colon

Vaginams
Rectum

Figure 3: delineates different locales that are accessible for the use of hydrogels for
medication

Peroral Drug Delivery:

Drug delivery through the oral route has been the most common method in the pharmaceutical

applications of hydrogels. In peroral administration, hydrogels can deliver drugs to four major
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specific sites; mouth, stomach, small intestine and colon. By controlling their swelling properties
or bio-adhesive characteristics in the presence of biological fluid, hydrogels can be a useful device
for releasing drugs in a controlled manner at these desired sites. Additionally, they can also adhere
to certain specific regions in the oral pathway, leading to a local increased drug concentration, and
thus, enhancing the drug absorption at the release site.*®

Drug Delivery in the Oral Cavity:

Drug delivery to the oral cavity can have versatile applications in local treatment of diseases of the
mouth, such as periodontal disease, stomatitis, fungal and viral infections, and oral cavity cancers.
Long-term adhesion of the drug containing hydrogel against copious salivary flow, which bathes
the oral cavity mucosa, is required to achieve this local drug delivery™.

Drug Delivery in Gl Tract —

Hydrogel deliver drugs to specific sites in the GIT. Drugs loaded with colon specific hydrogels
show tissue specificity and change in the pH or enzymatic actions cause liberation of drugs. They
are designed to be highly swollen or degraded in the presence of micro flora.**

Ocular Delivery

Viable tear seepage; squinting &Low penetrability of the cornea. Constrained assimilation because
of fast disposal prompting poor ophthalmic bioavailability.

Because of the short maintenance time, a regular dosing regimen is fundamental for required
helpful efficacy. Silicone elastic Hydrogel composite ophthalmic additions developed the span of
the Pilocarpine to 10 hr, contrasted with 3 hr when Pilocarpine nitrate was dosed as an answer. In-
situ shaping Hydrogels are alluring as a visual medication conveyance framework due to their
office in dosing as a liquid, and long haul maintenance property as a gel after dosing®
Transdermal Delivery:

Drug delivery to the skin has been general used to treat skin diseases or for disinfections of the
skin. Transdermal route is employed for systemic delivery of drugs. hydrogels can be used as
controlled release devices in the field of wound dressing. Hydrogel based formulations are being
explored for transdermal iontophoresis to obtain enhanced permeation of products viz. hormones
and nicotine®*

Subcutaneous delivery:

Subcutaneously inserted exogenous materials may more or less evoke potentially undesirable body
responses, such as inflammation, carcinogenicity and immunogenicity. Therefore, biocompatibility
is a prerequisite that makes materials implantable.

Due to their high water content, hydrogels are generally considered as biocompatible materials®
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Hydrogels to Fix Bone Replacements

Provided orthopedic fasteners and replacements hip and knee replacements, etc. are coated with
Hydrogels which expand in the presence of liquids. Swelling of such coatings causes the fastener
or replacement to be securely fixed into position once inserted into bone material. Coating
materials Ex: Methacrylate, Hyaluronic acid esters. Replacements made of stainless steel, metal
alloys, titanium, or cobalt-chromium, can be coated with these materials.?’

Protein Drug Delivery —

Interleukins conventionally administered as injection are now given as hydrogels which show
better compliance and form in-situ polymeric network and release proteins slowly.*

Topical Drug Delivery:

Hydrogels are used to deliver drugs like Desonide(synthetic corticosteroid) usually used as an anti-
inflammatory. Hydrogels with their moisturizing properties avoids scaling and dryness and has
better patient compliance.

Antifungal formulations like Cotrimazole has been developed as Hydrogel formulation for
vaginitis and shows better absorption than conventional cream formulations.”®

Tissue Engineering:

Microgels (micronized Hydrogels) can be used to deliver macromolecules like phagosomes in to
cytoplasm of antigen-presenting cells. The release is because of acidic conditions. Hydrogels mold
themselves to the pattern of membranes of the tissues and have sufficient mechanical strength.
This property is also used in cartilage repairing %

Hydrogel For Gene Delivery —

Modification of hydrogel composition leads to effective targeting and delivery of nucleic acids to
specific cells for gene therapy. Hydrogel versatility has potential application in the treatment of
many genetic and/or acquired diseases and conditions *°.

Cosmetology

Hydrogels when implanted into breast accentuate them for aesthetic reasons. These implants have
silicon elastomer shell and are filled with hydroxyl propyl cellulose polysaccharide gel.*

Rectal Delivery —

Hydrogels showing bioadhesive properties are used for rectal drug delivery. Miyazaki et al.
explored the xyloglucan gel with a thermal gelling property as matrices for drug delivery®’
CONCLUSION

As of late, numerous hydrogel based systems have been planned and customized to address the
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issues of various applications. The positive property of these hydrogels is either capacity to swell
when put in contact with a fluid arrangement. The introduced audit shows the writing concerning
characterization of hydrogels on various bases, physical and substance qualities of these items and
specialized plausibility of their use. It additionally included advances received for hydrogel
creation together with procedure plan suggestions, square graphs and enhanced states of the
arrangement process. A developed class of late eras of hydrogel materials was likewise introduced
in some points of interest. Super-permeable hydrogels are new materials that, paying little mind to
their unique size, quickly swell to an expansive size. Diverse eras of SPHs advanced to address the
requirements for specific applications. In view of the writing study, it can be presumed that group
or semi-bunch reactors are appropriate reactors for polymerization forms. The variables for clump
reactors incorporate temperature, weight, group process duration, the measure of reactants, and the
food expansion technique. Streamlining variables, for example, group process duration and
measure of reactant are consistent variables with altered qualities for a specific clump reactor
framework depends for the most part upon material and vitality equalization. Strip blender with a
screw around the hub, screw blender with four perplexes, and twofold lace blender are three
Impellers known not successful in high thickness ranges.
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