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Abstract Application of drug by topical route is an
alternate route for the treatment of skin diseases for
systemic route. The skin diseases can be treated by
administration of drug by local application and may avoid
first pass metabolism. It minimizes systemic side effects
and when applied locally can be removed easily if any side
effects occur like, irritation, skin rash, redness at the
application site. The topical drug delivery has been
beneficial for longer period of time because of availability
of large surface area of skin which exposed to circulatory
routes. Because of this route, one can be directly applied to
any external body surface and it is only for local
application. Amongst many types of topical dosage form
delivery, gel is most likely to be used and is a
patient-friendly dosage form. Due to the lack of insoluble
excipients and oily bases, the gel represents better release
of drug as compared to other topical drug delivery system.
Nowadays, many industries follow QbD (Quality by
Design) approach for the formulation of Gel to prepare a
quality medicine delivery to patients. The QbD approach
describes the CQA, CMA and CPP of the formulation
which ensures the quality of dosage form. This review
article focuses on the different dosage forms, types of gel,
evaluation by taking parameters such as drug content, pH,
spreadability, extrudability, viscosity, swelling index and
in-vitro drug diffusion and application of QbD approach to
gel formulation.

Keywords Gel, QbD Approach, Topical Drug

Delivery

1. Introduction

1.1. Drug Delivery System (DDS) by Topical Route

The administrations of topically applied drugs are
considered as local drug delivery system anywhere on the
body such as skin, vaginal, rectal and ophthalmic topical
routes. Skin is the major way of drug delivery system for
topical administration because skin is one of the largest and
most easily available organs on the human body. Skin
plays a major obstruction for access of many substances
keen on the body and this is mostly due to stratum corneum
which is outer layer of the skin, it allows only small
molecules to penetrate over a period of time into a systemic
circulation. Avoidance of the risk and inconveniences of
injectable delivery and varied physiological condition like
gastric emptying time, pH change, absorption, presence of
enzyme are advantages of drug delivery by topical route.
The topical drug delivery systems generally used where the
other systems of drug administration fail or it is mainly
used in pain management, contraception and acne. Topical
drug delivery system is well-defined as an application of
drug comprising preparation onto the skin which directly
delight cutaneous maladies (e.g. acne) or the cutaneous
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appearances of common disease (e.g. psoriasis) with the

intention of restricting the pharmacological or further

consequence of the drug to the apparent surface of skin or

inside the skin [1-3].

Active moiety penetrates the skin through tortuous and
continueous intercellular path. By addition of permeation
enhancer and solvents in the topical formulation, the drug
can transport by hair follicles, a transcellular route and
sweat ducts [4].

Previously it was considered that, the skin is an
impervious shielding barrier but then investigations prove
that the skin will be used as route of systemic
administration, as per figure 1 [5]. Absorption of drug may
occur through following three major routes:

1. Transcellular Route: The drug may transport through
keratin crowded corneocytes by way of partitioning
into and away from the cell membrane.

2. Intercellular Route: The transportation around the
corneocytes in the lipid rich extracellular regions.

3. Transappendageal Route: The shunt transport by
sebaceous gland, sweat glands and hair follicles.

1.2. Transport Mechanism

Drug molecule absorbs through the skin by passive
diffusion, which is major process of absorption of drug by
way of topical preparations. The transport of drugs through
skin follows Fick’s law of diffusion. The drug diffusion
process stops when concentration gradient reaches to zero.
Following is the equation which describes the drug flux:
[6]

J=DPAAC/h

Where,

J — Steady state flux across the stratum corneum

D - Diffusion coefficient or diffusivity of drug molecule
(cm%/sec)

P — Partition coefficient of drug between skin and
formulation

A — Surface area of stratum corneum (cm?)

AC - Concentration gradient of drug across the stratum
corneum (g/cm?)

h — Stratum corneum thickness

According to the equation, drug passage depends upon
its aqueous solubility, directly proportional to partition
coefficient, skin surface area and concentration of drug in
the formulation and inversely proportional to skin

thickness.

1.3. Different Types of Topical Preparations: [2]

1.3.1. Gel

The pharmaceutical sciences developed many advanced
dosage forms to treat different ailments with some
advantages and disadvantages. The carriers are developed
to immobilize or encapsulate the drug into it allows to
deliver at required site. Considering biocompatibility,
integrity and flexibility drugs are used in this carrier
material with three dimensional matrices. The materials of
this class are identified as gels. To give nomenclature to
some semisolid materials as per their physiological
characteristic the term ‘Gel’ was introduced in the late
1800. Gels are rich in liquid but does not flow in the
steady-state and comprise of substantially dilute
cross-linked, and two component semi-solid system. Gels
become more popular drug delivery system because of its
molecular stability of the drug, network structure and
biocompatibility. The USP (United State Pharmacopoeia)
defines gel is semisolid system comprising of dispersion
fabricated of either large organic molecule or small
inorganic molecule interpenetrated and enclosed by liquid.
The inorganic particle forms a 3-D house of card structure.
Gels consists of two phase system in which inorganic
particles are not dissolved but simply discrete all over the
continuous phase, arbitrarily twisting in the flexible chains.

The use of gels has been increased in the pharmaceutical
and cosmetics preparations. A gel is 99% weight liquid and
colloid in nature immobilized by its surface tension and
gelating agent forms a macromolecular arrangement of
fibers [1,2].

1.3.2. Structure of Gels

As depicted in figure 2, a gel comprised of synthetic or
natural polymer which forms three dimensional matrixes
all over a hydrophilic liquid or a dispersion medium. The
rigidity of gel is achieved by the gelling agent because
particles interlocked and formed a network. The type of
form and mature of particles which are responsible for the
formation of linkages determine the composition of
network and property of gel. When gel is applied on to the
skin, the liquid evaporates and entrapped drug leaves in
form of thin-film of gel-forming matrix which covers the
skin [1].
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Classification of Medicated Formulation for the Skin
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Figure 2.  Structure of Gel

1.3.3. Properties of Gel [7]

1. Gel should be convenient in usage and its appliance.

2. Should be inert, non-toxic and compatible with other

additives.

Should not alter biological character of drug.

Should be steady during storage condition.

5. Should have properties like thixotropic, non-staining,
emollient, and greaseless.

6. The gelling agents incorporated in the formulation

should bring into being a realistic solid like character

throughout the storage which can be effortlessly

broken by squeezing of tube, shear force generate by

trembling the bottle or during application by topical

route.

It should be non-tacky.

8. It should possess an appropriate anti-microbial agent
which prevents commencing of microbial attack.

~w

~

1.3.4. Qualities of Gels [1,8]

A. Swelling

When gelling agent comes up to contact with the liquid,
it absorbs water and the volume increases, this process is
known as swelling. Gel-gel links are supplanted by
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association of gel-solvent. The level of swelling relies on
the quantity of linkages between individual particles of
gelling operator and on the quality of these linkages.

B. Syneresis

Syneresis means oozing of liquid medium from gels on
standing because it contracts spontaneously. The
phenomenon linked with the use of gelling agent as the
concentration decreases, the occurrences of syneresis
increases. It indicates the gel is thermodynamically
unstable. During the preparation of gel elastic stress is
developed and it may relax on standing and cause
contraction. As this stress relieved the interstitial space gets
reduced for solvent and forcing out the liquid.

C. Ageing

Colloidal systems generally demonstrate deliberate
unstructured aggregation and this progression is known as
ageing. Gelling agent gradually form denser network
which results into ageing of gels.

D. Structure

The particles of gelling agent form a network by
interlinking which gives rigidity to a gel. The property and
structure of gel depend on the character of the particle and
the type of forces which are responsible for the linkages.
The hydrophilic colloid particles may perhaps consist of
single macromolecules or have equal dimensions
aggregate of small molecules.

E. Rheology

Dispersion of agglomerated solid and solutions of
gelling agents are pseudo plastic which exhibits
non-newtonian flow behavior and which is characterized
by decreasing viscosity with increasing shear rate.
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1.3.5. Classification of Gels [7]

Gels are classified on the basis of character of solvents
used, colloidal phases, rheological properties and physical
nature.

1. Nature of Solvent Used:
a. Hydrogel:

Here water is used as continuous liquid phase.
Eg. Derivatives of Cellulose, Bentonite magma, Gelatin,
and poloxamer containing gels

b. Organic Gel (which
solvent):

A non-aqueous solvents are used as continuous phase.

Eg. Plastibase (low molecular weight polyethylene
dissolve in Mineral oil and little cooled), dispersion of
metallic stearate in oils and Olag gel.

c.  Xerogels:

Xerogels are solid gel with low solvent concentration
and produced by evaporation of solvent or freeze drying.

Eg. Tragacanth ribbons, acacia tear p-cyclodextrin, dry
cellulose and polystyrene.

contains  non-aqueous

2. Based on Colloidal System
a.  Single Phase System (Organic):

This system consists of big organic molecule presented
on warped stands dissolved in continueous phase.
Eg. Carbopol, Tragacanth, etc

b.  Two Phase System (Inorganic):

If dispersed phase particle size is relatively large and
forms 3 dimensional structures all over the gel such as an
arrangement which consistsfloccules of relatively smaller
particles than the layer molecule and hence the gel
structure in such systems is not stable.

Eg. Aluminium Hydroxide Gel

3. Based on rheological properties

Usually gels exhibit non-newtonian flow properties.
They are classified into:

a. Plastic Gels:

Eg. Flocculated suspension of aluminium hydroxide
which shows plastic flow, Bingham bodies.

b.  Pseudo Plastic Gels:

Eg. Sodium CMC (Carboxy Methyl Cellulose) exhibits
pseudo plastic flow, Sodium alginate and tragacanth in
liquid disoersion. The viscosity of such types of gels
decreases with increase in the shear rate, without yield
value.

c. Thixotropic Gels:

In these gels the bonds are very weak between the
particles and can be easily broken by normal shaking. The
consequential solution will slip back to gel due to again
linking and collision of particles.

Eg. Bentonite, Kaolin, Agar.

4. Based on Physical Nature:
a. Rigid Gels:

In this type of gels the framework of gel will be linked
by primary valance bond which is formed from
macromolecule.

Eg. Silica gel, where silic acid molecules apprehended
by Si-O-Si-O bond to build a polymer structure which
possess a network of pores.

b. Elastic Gel:

Alginates display an elastic behavior, pectin, agar gels,
guar gum.

1.3.6. Advantages of Topical Gel Preparation [1,9]

® The non-invasive drug delivery hence better patient
compliance.

® Easy and convenient for application.

® Medication can be easily terminated if found any side
effects.

®  First pass metabolism is avoided.

® This is the substitute for other routes of drug
administration like oral and intravenous.

®  Gastro-intestinal incompatibility avoided.

® Single application can provide prolonged therapy and
may improve patient agreement.

® Self-medication can be suitable.

® Site precise drug delivery can be achieved.

® Narrow therapeutic window and short biological
half-life drugs can be formulated.

® Intra and inter patient variability is avoided.

® More drug can be administered due to availability of
large surface area.

® Less greasy and easily remove from the skin.

1.3.7. Disadvantages of Topical Preparation [9]

® Possibility of allergic response on the application
area.

® Drug or excipients may cause dermatitis or irritation
to the skin.

® Large particle size of drugs cannot be absorbed easily
through the skin.

®  The drugs which cause irritation or sensitize skin are
not suitable.

®  Drugs which have poor permeability are not suitable.

1.3.8. Factors Affecting Skin Penetration [6,9]

Drug penetration through exterior of the skin depends on
following factors:

1. Skin Condition: Drug penetrate through abraded or
injured skin surface more than normal skin.
Chemicals increases penetration of drug because of
causing injury to the skin.

2. Content of Fat: Epidermis contains fat and does not
affect drug penetration.

3. Age: The skin of newborn and children’s is very soft
and hence penetration is more than adult.
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4. Hyperemia: Drug penetration through skin increases
due to vasodilatation of the blood vessels though it is
because of local or generalized stimulation.

5. Hydration of Skin: Hydrated skin shows more drug
penetration than dry skin. Water is operated as
penetration enhancer in hydrated skin and increases
permeability through stratum corneum.

6. Types of Vehicles: Vehicles play an important role in
the drug absorption and penetration through the skin
surface. It depends on the type of skin and its
condition like, dry or hydrated.

7. Lipophilic substances facilitate more penetration
through skin.

8.  Physiological factors such as pH of the skin, density
of the hair follicles, blood flow to the site of
application, inflammation of skin, density of sweat
glands, and content of lipid.

9. Physiochemical factors:
molecular weight of the drug.

Partition  coefficient,

1.3.9. Preparation Methods of Gels [7]
1. Dispersion Method

In dispersion method the polymer is added in water for 2
hours or kept in water till the polymer is soaked completely
in the water, then add remaining ingredients with stirring
until a homogeneous mass is formed.

2. Cold Method

In the cold method the entire ingredients should mix
together which forms a homogeneous mass, under low
temperature at about 50°C. The penetration enhancer and
polymer were mixed together which forms solution A, then
solution B prepared by mixing drug in the solvent. Then
solution B poured into solution A with continueous
stirring.

3. Chemical Reaction

In this chemical reaction method, gel is formulated by
chemical interaction of solvent and solute.
Eg. Preparation of silica gel and aluminium hydroxide

gel.
4.  Flocculation

In this flocculation method, gelatin is produced by
addition of appropriate quantity of salt to bring into being
age state but inadequate to entire precipitation.

5.  Temperature Effect

The solubility of lipophilic colloid agar is decreased by
decreasing the temperature.

1.3.10. Ideal Drug Substance for Formulation of Gel [6]

Selection of active pharmaceutical ingredient is very
important for the winning preparation of topical gel. The
most important properties which have been taken into
consideration are as follows:

a) Physicochemical Properties:

i). Drug candidate should have lipophilic property.
ii). The molecular weight should be less than 500
dalton.
pH of saturated solution should be between 5 to
9.
iv). Highly alkaline or acidic drug candidate are not
suitable.
b) Biological Properties:
i). Drugs shows first pass effects are suitable
candidate.
ii). Degraded in Gl (Gastro-intestinal) tract are
suitable.
iii). Drugs which are non-irritated to dermis.
iv). Drugs which do not stimulate immunologic
reaction to the skin.

ii).

1.3.11. Novel Approaches for Gel Formulations [7]

Preparation of a gel is traditional approach of mixing the
soluble ingredients into each other and produces a
formulation to use topically. Now-a-days novel approaches
are invented to prepare a gel with poorly soluble drug by
using following methods such as hydrogel, emulgel, in-situ
gel, microemulsion based gel, solid lipid nano particles
based gels, ethosomes based gels, liposomes based gels,
solid dispersion based gels, microsphere based gels,
niosomes based gels, microsponged based gels. The
method, advantages and disadvantages of each approach
are described as below:

1.3.11.1. Hydrogel [3,6,10]

A Hydrophillic gel is called as hydrogels which are
cross-linked materials and without dissolving absorbs
ample quantity of water. Storing capacity of water makes
hydrogels unique nature and is soft. Hydrophilic functional
group is attached to backbone of polymer which gives
ability to absorb water and the cross-linking in connecting
network chain gives resistance to dissolution. A free
diffusion of solute molecule occurs because of inside water
of hydrogel, whereas the polymer holds the water and
serves as a matrix. The hydrogel is a well-known as solo
polymer molecule, it means, the group of chains in the gel
are coupled with each other and forms a giant molecule on
the macroscopic scale. It’s likely to look ahead to the
conformational changeover of the elastically dynamic
arrangement of chains suit able to be seen onto the
macroscopic range of hydrogel samples. Gel is a condition
which is neither totally liquid nor fully solid. These
half-liquid like and half-solid like properties cause many
interesting relaxation behaviours that are not found in
either a pure solid or a pure liquid. Some examples of
hydrogels include contact lenses, wound dressing.

Advantages

® Easy to modify.

® Biodegradable, biocompatible.

® Entrapment in the polyurethane hydrogel of microbial
cells leads to low toxicity.
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® Environmentally susceptible hydrogels have the
capability to intellect changes of temperature, the
concentration of metabolite or pH and discharge their
load because of such type of changes.

®  Natural hydrogel resources should be investigated for
the purpose of tissue engineering, which consist of
methylcellulose, agarose and supplementary naturally
resultant polymers.

®  Decreased administration of dose.

1.3.11.2. In-Situ Gel [11,12]

In recent years, In-Situ gel has become prominent in new
preparation delivery system because of its advantages such
as prolonged and sustained drug action, reduced regularity
of drug direction and improved patient compliance. This is
a polymeric formulation available in sole form previous to
administration and forms gel by gelation when making in
contact with the body fluids. Various water soluble
polymers are used which are biocompatible, natural and
biodegradable.

E.g. Gellan Gum, Pluronic F127, Poly-Caprolactone,
Chitosan, Carbopol, Pectin, Glycoginic acid, Poly-D,
L -lactide-co-glycolide, and xyloglucan.

In-Situ Gelling System Importance

® n-Situ gel reduces drug administration frequency,
and increases patient compliance and ease of
administration.

® The conventional ophthalmic solution exhibits poor
bioavailability —because of quick precorneal
elimination of drug and this overcome by use of gel
system which instilled as drop into eye and undergoes
a sol-gel transition.

1.3.11.3. Microemulsion Based Gels [13,14]

Microemulsions are thermodynamically stable and
isotropic multicomponent fluids which composed of oil,
water and surfactants whose diameter will be in the range
of 10 — 140 nm. The study proves that the stability of
microemulsion based gels ismore stable than conventional
hydrogels. The microemulsion based gels were prepared
with w/o microemulsion which is thermodynamically
steady and organic solvent as an external phase offers
greater confrontation to microbial contamination as
compared to the aqueous phase. The microemulsion based
gels are used as sustained release drug delivery sytem by
incorporating gelation into w/o microemulsion which
increases viscosity of the system. Electrical conductivity
can be applied to microemulsion based gels in
iontophoretic drug delivery system.

Advantages of Microemulsion Based Gels

It helps in solubilization of lipophilic drug
Drug moiety penetrates rapidly and efficiently.
Increased rate of absorption.

Less amount of energy required.

Variability in absorption eliminates.

Increased bioavailability.

1.3.11.4. Solid Lipid Nanoparticles Based Gels [15-17]

Nanoparticles are colloidal particles having range size
between 10 and 1000 nm. Nanoparticles are manufactured
by using natural or synthetic polymers which are ideally
suited to reduce toxicity and to optimize drug delivery. The
successful drug delivery of nanoparticles depends on the
capability to enter through numerous anatomical barriers,
steadiness in nanometer size and sustained discharge of
their contents. To conquer such limitations lipids
introduced as an alternative carrier. These lipid
nanoparticles are identified as solid lipid nanoparticles.

Advantages of Solid Lipid Nanoparticles

® |t enhances the bioavailability and chemical
manufacture of labile integrated compound.

® Enhance penetration of drug into skin by topical
application.

® |t possesses better stability than liposomes.

® Chemically labile drugs can be protected from the
degradation in gut and from outer environment.

® Exhibits improved and greater bioavailability of
lipophilic drugs.

® More concentration of functional drugs can be
achived.

®  Can be easily scaled up.

1.3.11.5. Ethosomes Based Gels [18-21]

Ethosomes are soft lipid wvesicle contains water,
phospholipids and alcohol which is relatively in higher
concentration. The size of ethosomes varies from 10’s of
nanometers to microns and hence permeate through skin
quickly and have power over significantly elevated
transdermal flux.

Advantages of Ethosomes

® The components and composition of ethosomes are
safe and have various applications in veterinary,
pharmaceutical and cosmetic field.

® Permeation of active ingredient enhances through
skin and ultimately into the systemic circulation.

® Comparatively smaller in size than conventional
vesicles.

®  Better patient compliance.

® |t improves delivery of active ingredient through the
skin in occlusive as well as non-occlusive conditions.

® Ascompared to conventional vesicles it shows better
solubility and stability of most of the drugs.

Limitations of Ethosomes

® |f shell locking is unsuccessful, the Ethosomes may
coalesce and collapse apart on transfer into water.

® | oss of product may occur during the relocation from
organic medium to water medium.

® Yield is poor.

1.3.11.6. Liposomes Based Gels [22-24]

Liposomes are made up with lipid bilayer and an
aqueous volume entirely enclosed by a membrane.
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Liposomes are used for controlled drug delivery as it
carries hydrophilic and hydrophobic active ingredients and
used for different therapeutic purposes. It acts as
encapsulating agent and prevents damages from external
environment. The liposomes can be acted as solubilizing
matrix for inadequately water soluble actives when applied
on the skin. This dosage form provides controlled and
prolonged release of drug substance, which may lead to
better patient compliance and improved efficiency.

Advantages of Liposomes Based Gel

® Phospholipids can be well tolerated by intravenous
route.

®  Precipitation of drug can be prevented in blood
circulation and at the location of injection.

® Encapsulation of drug increases stability.

®  Selective passive targeting of tumour tissues can be
possible.

®  Encapsuletion reduces toxicity.

® Therapeutic index and safety increase.

1.3.11.7. Solid Dispersion Based Gels [25-27]

Solid dispersion prepared with minimum of two
components and mostly with hydrophobic actives and
hydrophilic matrix. The hydrophobic drug matrix can be
amorphous or crystalline. The drug may disperse in
crystalline particles or in amorphous particles. Now-a-days,
many poorly soluble drug candidates are increased and
difficult for formulation as conventional oral dosage forms
hence to enhance solubility many techniques have been
developed which increases dissolution of drug candidates
such as salt formation, inclusion complexation, solvent
deposition, etc. Amongst many techniques solid dispersion
method is effective to increase the dissolution of poorly
water soluble active ingredients which ultimately increases
the biocavailability.

Advantages of Solid Dispersion

® This technique increases porosity of particles which
enhances drug release profile.

® Increases the rate and extent of drug absorption
through rapid dissolution.

® The surface area is improved by reduced particle size
which increases dissolution rate and ultimately
bioavailability.

® The drug present in solid dispersion as a
supersaturated solution which is considered as
metastable polymorphic form and drug in amorphous
form increases solubility.

® The carrier plays an important role to increase
wettability and results in increased solubility.

1.3.11.8. Microsphere Based Gels [27-29]

Microspheres are also known as microparticles which
are very small spherical particles within range of 1 um to
1000 pum. The microspheres consist of biodegradable

synthetic polymers or protein and free flowing powder.
The microspheres are in two types as below:

®  Micromatrices

®  Microcapsules

In micromatrices the entrapped active ingredient is
dispersing all through matrix of microspheres and in
microcapsules the entrapped substance is enclosed by
distinctive capsule wall. The poorly soluble drug substance
dissolved or dispersed through particle matrix incorporated
in solid biodegradable microspheres having potential for
controlled release of active. Biodegradable microspheres
are made up from polymeric, waxy or other protecting
material i.e. Modified natural products and biodegradable
synthetic polymers.

Advantages

® Better drug utilization enhances bioavailability and
minimizes intensity of incidence of adverse effects.

® Reduction in frequency of dosing improves patient
compliance.

®  The morphology of microspheres allows controllable
predictability in degradation and drug release.

® |t offers constant and extended therapeutic effect.

® The smaller size and spherical shape add an
additional advantage for injectable drug delivery.

1.3.11.9. Niosomes Based Gels [30-32]

Niosomes are non-ionic surfactant based liposomes and
mostly formed by cholesterol. Neosomes are microscopic
in size and range from 10 nm to 100 nm. Niosomes are
lipophilic in nature and hence possess additional
penetrating ability than other emulsion based dosage forms.
Niosomes are more stable than liposomes and hence offers
many advantages than liposome based delivery system.

Advantages of Niosomes

® The release of drug can be delivered in controllable
manner.

® Patient compliance is better than oily-based dosage
forms.

®  Permeation through skin is enhanced.

® Wide range of soluble drugs can be easily
accommodated.

® No special conditions require for handling and
storage.

® |t increases stability of entrap active molecule and is
osmotically energetic and stable.

1.3.11.10. Microsponge Based Gels [33-37]

Microsponge are polymer based microspheres which are
microscopic and can be suspended or entrapped variety of
drug substances. The size of microsponge ranges from 5 to
300 um and a typical 25 um microsponge sphere can have
upto 250000 pores which provides greater volume about 1
mL/g for extensive drug retention. It is a novel technique to
release a drug in controlled manner and target precise drug
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release system. Microsponges when applied to the skin
releases drug slowly and act as a prolonged release drug
delivery.

Advantages

® Possesses good chemical, physical and thermal
stability.

® Provides extended release drug release

® |t absorbs skin secretions and hence reduces feeling
of oiliness.

1.3.11.11. Emulgel [14,27,37-40]

The name itself indicates that it is a combination of
emulsion and gel. It is a promising drug delivery system for
poorly water soluble drugs. Polymers perform dual
behavior as thickner and emulsifier for the reason that the
gelling capability of such polymers forms stable emulsion
and cream with decreasing interfacial and surface tension
and increases the aqueous phase viscosity. The gelling
agents available in the aqueous phase alter a classical
emulsion into emulgel. These emulgels have the most
important advantages on conventional and novel vesicular
system. Both w/o and o/w emulsions are used as vehicles
for delivery of various drugs to the skin. Emulgel for
topical use have severably favourable properties such as
greaseless, thixotropic, emollient, easily spreadable,
nonstaining, easily removable, transparent and pleasing
appearance, biofriendly, long shelf-life.

Advantages

Low preparation cost

Use to make longer drug effect having short half-life
Better drug loading capacity and better stability
Rigorous sonication is not needed

Self-medication possible

Site precise active drug delivery

Avoiding first pass metabolism

Improve patient compliance

1.3.12. Evaluation Parameters for Gel [2,5,9,14,37,39]

1.3.12.1. Physical Appearance

The emulgel have to be inspected visually for colour and
phase separation.

1.3.12.2. pH Measurement

The 1% aqueous solution of formulation should be
prepared and kept for two hours then measure for pH value
by pH meter.
1.3.12.3. Rheological Study

The viscosity of preparation should be determined at
25 °C by using a viscometer.

1.3.12.4. Spreadability
It expresses in the term of time taken by two slides in

seconds to slip off from formulations which place between
the two slides under the application of a certain load, the
lesser time for taking apart of two slides indicates better
spreadability.

Procedure

The apparatus typically comprise of a wooden block
with pulley at one side. Take two glass slides of size 6 cm x
2 c¢cm. Place the formulation on one slide which is being to
be tested. Place second slide on it in such a technique that
the preparation will be sandwiched between both the slides.
Place 100 g weight on upper slide about approximate 5 min
to expel the air, the excess gel will come out from the slide
and have to be removed after removal of weight. Fix the
lower slide on apparatus and tie the upper slide with a
string and apply 20 g of load with facilitated by pulley. The
time taken to separate the upper slide from ground slide
should be noted. The procedure should be repeated for 3
times and average can be considered.

Spreadability = M/T * L

Where,

M = Weight which is attached to upper slide (e.g. 20 g)
L = Glass slide’s length (e.g. 6 cm)

T = Separation time of two slides (seconds)

1.3.12.5. Swelling Index

Swelling index of formulation can be determined by
taking 1 g weighed quantity of gel formulation on a porous
aluminium foil which is placed in beaker in such a method
that it should completely deep into 10 mL of 0.1N sodium
hydroxide. The small quantity of gel removed at
predecided time intervals and kept on dry place for some
time and reweighed.

The swelling index can be calculated as below:

SW % = [(Wt — Wo) / Wo] x 100

Where:

SW % - Percent Swelling Index

Wo - Initial weight of Gel

Wt — Weight of swollen gel formulation after time t

1.3.12.6. Extrudability Study

This test is performed by filling the gel into tube and
applied a force to expel it and measures the required force
to extrude the gel from tube. The filled aluminum tubes
pressed by help of finger and the gel will extrude. The
weight applied on the gel filled aluminum collapsible tube
to extrude the gel at least 0.5 cm ribbon in 10 seconds. The
applied weight is measured in grams. Repeat the same
experiment 3 times and calculate the average of this
determination. Calculate the extrudability by using
subsequent formula:

Extrudability = Applied weight to extrude emulgel from tube
(g)/Area (cm?)
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1.3.12.7. Viscosity

Brookfield viscometer is used to measure viscosity of
emulgel at 37°C. Sample to be tested filled in sample
holder and appropriate spindle immersed in sample. Allow
the spindle to revolve at a particular speed and after 2 min
measure the viscosity.

1.3.12.8. Globule Size and Distribution

Generally size of globule and its distribution will be
resolute by using Malvern Zeta Sizer. To get homogeneous
dispersion, one gram of gel dissolved with sufficient
agitation in purified water. The distribution and mean of
globule size are measured by injecting the sample in
photocell of zetasizer.

1.3.12.9. Content of Drug and Uniformity

Dissolve known quantity of gel formulation in suitable
solvent by sonication and filter it to get clear solution.
Absorbance of solution measures by using UV visible
spectrophotometer. Prepare the calibration curve by using
aliquots of different concentration solutions and determine
the content of drug by using equation, which is obtained by
linear regression analysis of calibration curve.

1.3.12.10. In-vitro Drug Diffusion Study

In-vitro drug release from gel can be evaluated by using
egg membrane which exhibits stratum corneum of human
and mainly consists of keratin. Put a fresh egg into
concentrated HCI for 15 min and then in fresh water for 5
min and then remove the egg membrane. The resultant egg
membrane should be carefully clamped between receptor
and donor chamber of Franz diffusion cell. Apply known
quantity of gel on to the egg membrane. Prepare fresh pH
5.5 phosphate buffer solution and fill into receptor chamber
to solubilize the drug. The solution of receptor chamber
should be stirred continuously with magnetic stirrer and 5
mL of aliquots were withdrawn at suitable time intervals.
Analyze the samples for drug content by using UV visible
spectrophotometer with required dilutions. Calculate the
cumulative corrections at each interval to obtain the totality
of drug release.

1.3.13. Gel by QbD [41-43]

The subsequent elements are taken into consideration for

gel formulation and process development:

®  Quality target product profile (QTPP)

® Critical Quality Attributes of the drug substance,
excipients and drug product.

® Product blueprint and understanding together with
recognition of CMA (Critical Material Attributes) of
excipients, drug substance.

® Process design and consideration including
identification of CPP’s (Critical Process Parameters)
and in-process material attributes of a drug product.

® Control strategy and justification to ensure the
product reliability.

1.3.13.1. Target Design Implementation

The following elements are taken into consideration for

Gel product and process development:

® The QTPP describes the use, safety and efficacy of
gel.

® Defining QTPP will be a quantitative surrogate for
aspects of chemical safety and efficacy during gel
formulation development.

® To collect appropriate aforementioned knowledge
about the drug substance, excipients and process into
knowledge space.

®  Use of risk assessment for further investigations.

® Designing a formulation and identifying the CMA
(Critical Material Attributes) of gel formulation must
be restricted to meet QTPP.

® Designing a formulation process to manufacture an
ultimate product having above mentioned CMA.

® Identifying the CPP (Critical Process Parameters) and
input raw materials attributes must be controlled to
attain CMA of the finished product.

1.3.13.2. QbD Approach for Gel Formulation [42,43]

Product Development Outline:
® Defining Quality Target Product Profile.
® |dentification of CQAs (Critical Quality Attributes)
for the drug substance, excipients and drug product.
Identification and prioritization of potential risks for
each unit operation (Risk assessment)
Screening as well as optimization of the formulation.
Development of robust manufacturing process.
Establishment of control strategies.
Raw material specification
Process controls and monitoring, design spaces about
individual or various unit operations.
® Finished product specifications

The quality target product profile was defined in table 1.

Table 2 summarizes critical quality attributes of Gel
preparation and indicates which attributes were classified
as drug product CQAs. For this product physical attributes,
uniformity of content, assay, and preservative content are
recognized as subset of critical quality attributes which
have potential to impact by the finished formulation or/ and
process variables, therefore, will have to investigate and
discuss in aspect in succeeding formulation and process
improvement studies.
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Table 1. Quality Target Product Profile for proposed Gel Formulation

QTPP Elements

Target

Justification

Dosage Form

Gel

The proposed dosage form is for topical application

Dosage Design

Immediate Release

Equivalent type of immediate release

Route of administration

Topical

Taken as generally applied

Dosage Strength

Dose

Pharmaceutical Equivalent

Pharmacokinetics

Clinically equivalent

Clinical study requirement as per USFDA guidance for Acne
Vulgaris

Assay

Drug Permeation

pH

Colour and appearance

Drug Product Quality Attributes

Viscosity

Extrudability

Spreadability

Gel Strength

Meets the requirement of compendia and other quality standards
with safety and efficacy of drug product

Container Closure System

Tube or Wide mouth
container

Acceptable to patient

Table 2. Critical Quality Attributes of Gel Preparation

COQA

Specification

Justification

Assay

100% w/w of label claim

Assay affects safety and efficacy. Process and formulation variables
can affect assay

Drug Permeation

Flux

Important for the therapeutic point of view

pH

Between 5 and 8

pH to compatible with skin

Colour and appearance

White to off-white

Colour and appearance are not critical attributes although they are
long term stability indicator of physical incompatibilities and
should be evaluated

Viscosity Medium Viscosity may impact on drug release hence it should be medium
Extrudability Medium Extruding from the tube during application

Spreadability Medium Spreading uniformity on the skin

Gel Strength Medium Polymer concentration that determines gel strength

On the other hand, Critical Quality Attributes including
identity, microbial limits and preservative content which
are expected to be impact the process and formulation
variables were not discussed in details. However the target
elements of QTPP are ensured through the product and
process design and the control strategy as per table 2.

2. Conclusions

There are different dosage forms existing to treat skin
disease locally. Gel is patient friendly dosage forms, which
can deliver hydrophobic drug. It helps in permeation of
drug through stratum corneum and exerts its action locally.
It is non-greasy and does not require rubbing. Gel is the
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most stable dosage form and easy to handle. QbD approach
to the gel preparation gives safe, effective, and quality
medicated dosage form for treatment of locally. QbD
approach minimizes the cost on research and ultimately

dosage form available at affordable cost.
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