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ABSTRACT

Analgesics and Antifungal drugs.

KEYWORDS: Emulgel, Topical, Emulsion, Gel.

Topical drug delivery system can be defined as the application of the formulation onto the skin directly to elicit its
pharmacological actions to treat skin diseases. The Major disadvantage of gel is the delivery of hydrophobic drugs,
this can be overcome by the novel technique Emulgel. It is a combination of gel and emulsion that forms a dosage
form referred to as Emulgel. Emulgel is one of the recent technologies in Novel Drug Delivery System and it also
have characteristics of both drug delivery systems i.e., both emulsion as well as gel. The Emulgel is utilized in
treating skin infections like fungal infections, acne, psoriasis. The union of hydrophilic cornified cells in lipophilic
intercellular material provides a barrier to both hydrophilic and lipophilic layers. Polymers have been used in the
manufacturing of emulgel which functions as emulsifiers and thickeners. These Emulgels are having major
advantage on Novel Vesicular systems as well as Conventional systems. The use of Emulgels can be extended in

INTRODUCTION

Topical drug delivery refers to delivery of drug
containing formulation anywhere in the body through
skin. Topical drug delivery system can define as system
in which API containing formulation is directly applied
to skin to treat local cutaneous manifestations.! When
other routes of administration like parenteral, sublingual
and rectal fails or mainly to treat local skin infections
like Tinea capitis, Tinea pedis (fungal infections).

Topical drug delivery system can be used for both local
and also systemic infection treatment. One of the major
advantages of topical drug delivery system is to avoid
pre-systemic metabolism, and also other advantage of
topical drug delivery is avoidance of patient
inconvenience and risk by intravenous therapy and
different conditions of absorption like presence of
enzymes, change in PH.®®! Topical medicinal products
are diverse in their formulation which are directly
applied to the skin and available in liquid to powder
consistency, but semisolid preparation is most popular
among those formulations. When compare to creams and
ointments gels provide faster drug release but major
limitation is unable to deliver hydrophobic drugs. So, to
overcome this limitation emulgel is formulated.™

PHISIOLOGY OF SKINI®

Most of the topical formulations are meant to be applied
to the skin. The skin covers a surface area approximately
2mt and with one-third of blood circulating through the

body. Skin contains on average of 40-70 follicles and

200-300 sweat ducts on centimetre square. The skin pH

can be from 4 to 5.6. The Skin consists of 4 layers of

tissue.

i. Non-viable Epidermis: it is named as Stratum
Corneum and is the outermost layer of skin. It is 10-
20 cell layer thick over most of the body. Each cell
is a flat, plate-like structure-34-44 pum long, 25-36
pum wide, 0.5 to 0.20 pum thick with a surface area of
750 to 1200um stocked up to each other in brick-
like fashion. It consists of lipids and protein.

ii. Viable Epidermis: This layer is located in between
the stratum corneum and the dermis, with thickness
ranging from 50-100um.the structure of cells in this
layer is similar to other living tissues.

iii. Dermis: It is a structural fibrin and very few cells
like this can be found histological in normal tissue.
Thickness ranges from 2000 to 3000um. It consists
of a matrix of a loose connective tissue composed of
fibrous protein embedded in an amphorphose ground
substance.

iv. Subcutaneous Connective Tissue: It is not actually
considered as a true part of the connective tissue. It
is composed of loose textured, white, fibrous
connective tissue containing blood and lymph
vessels, secretary pores of the sweat gland and
cutaneous nerves. It is the layer where the drug
permeates through skin and enters circulatory
system before reaching hypodermis.
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DRUG DELIVERY ACROSS THE SKINE*

There are two vital layers named the epidermis and the
dermis in the skin. Blood vessels are distributed below
the sub-cutaneous layer of the skin profusely. There are
three primary mechanisms for drug absorption through
the skin which includes intercellular, trans cellular and
follicular. The keratinized corneocytes and the largely
non-polar lipids are the major factors involved in the
maintenance of efficient barrier for drugs. The most
common route of delivery is through pilosebaceous
route, in this penetration occurs through intercellular
matrix, but through the transcellular pathway, this is
proven to provide fastest route for highly polar
molecules. The drug penetration for skin can be
enhanced by using organic solvents such as propylene
glycol, surfactants and DMSO. The permeation
enhancers in the formulation alters the barrier
characteristics of the stratum corneum. It is observed by
the mechanisms which includes enhancing solubility,
splitting the stratum corneum, fluidising the crystalline
structure of the stratum corneum. Creams and gels that
are applied on the skin have been used for years for
effective treatment against infections and pain by
medication. New technologies have been developed
which allows other drugs to be absorbed through the
skin. These can be used to treat not just the affected areas
of the skin but the whole body by systemic route.

CLASSIFICATION OF TOPICAL DRUG DOSAGE
FORMS!

LIQUID SOLID FORMS | SEMISOLID

FORMS FORMS

Syrup Tablets Emulgel

Solution Capsules Creams

Emulsion Powder Gels

Suspension Dusting Powder | Suppositories
EMULSION

Emulsion is defined as thermodynamically unstable
system consisting of at least two immiscible liquid
phases, one of which is dispersed as globules in the other
liquid phase. The emulsion is stabilized with the help of
emulsifying agent.

Two or more normally incompatible liquids are
combined to formulate emulsion. In this system oil phase
is made to miscible with the aqueous phase by using an
emulsifying agent. Both water-in-oil and oil-in-water
type of emulsion are used as vehicle to deliver different
types of drugs.

Number of factors that could affect emulsification
process are temperature, nature of the oil, type of
emulsifier and also concentration of emulsifier.

TYPES OF EMULGEL
Macroemulsion: It is a formulation with emulsion

*Microemulsion: It is a formulation with emulsion
droplet particle size differs from 10 to 100nm and don’t
coalesce.

*Nano emulsion: These are transparent(translucent) oil-
water dispersions which are thermodynamically stable
because of the usage of surfactant and co-surfactant with
the size varies from 1nm to 100nm. Nano emulsion have
increased dermal and transdermal characteristics in vivo
as well as in vitro.

GEL
Gels are semisolid, homogeneous preparations usually
consisting of solutions or dispersions of one or more
medicaments in a suitable hydrophilic or hydrophobic
bases.

The gel word refers to increase the viscosity of liquid
formulation without interfering with the other properties
of the formulation. Gels are used to enhance the
consistency and homogeneity of the formulation. These
can also be used as thickening agent.

Gels are made up of organic or inorganic polymers of
natural or synthetic origin by entrapment of liquids such
as aqueous or hydroalcoholic into colloidal solid
particles of the polymers. Due to high aqueous content, it
allows greater drug dissolution and also it permits easy
drug migration compare to other conventional dosage
forms such as creams and ointments.

EMULGEL
Emulgel is o/w or w/o emulsion carrying drug to be
incorporated into gel base to obtain jellified emulsion.

Emulgel is known as an emulsion that has been gelled by
gelling agent. Emulgel is a combination of emulsion and
gel. To overcome the limitation of gel i.e., unable to
delivery hydrophobic drugs, an emulsion-based solution
is used.

Emulgel has an ability to deliver both hydrophilic and
lipophilic drugs due to the presence of both aqueous and
non-aqueous phases. These are biphasic systems that
have better loading capacity and better stability. In
emulgel formulation, the emulsion acts as controlled
release drug delivery system in which the drug dispersed
in internal phase (act as reservoir of drug) pass through
continuous phase to the skin and get absorbed slowly and
gel act as controlled drug release system as the cross-
linked network entrapped the small particles of the drug.
Emulgel has several good properties, such as good
spread ability, thixotropic, pleasant appearance,
odourless, greaseless and long shelf-life over the
conventional topical formulation.

IDEAL PROPERTIES
e Very pleasing appearance.

droplet particle sizes greater than 400nm. They are not ~ ® It can be easily spreadable and removable
visible to the naked eye, but can be observed under a formulation.

microscope. It is thermodynamically not stable. e Actas emollient.
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e It has long shelf-life.
e Non-staining and biofriendly.
e Being greaseless.

ADVANTAGES

e  Pre-systemic metabolism is avoided.

e Controlled or prolong release of drugs having short
half-life.

Improved stability and local loading capacity.

Easy for production and a low-cost mechanism.
Avoid gastrointestinal incompatibility.

Site specific target drug delivery on the body.

Self- medication is possible.

Improve patient convenience.

DIS-ADVANTAGES

e There may be possibility of bubble occurrence
during emulgel formulation.

e Possibility of skin irritation in patients with contact
dermatitis.

e  Absorption of large size drug particles through skin
is not easy.

e some drugs have low permeability through the skin.

RATIONALE

The formulations which are applied to the topical
cutaneous layer of the skin or mucous membrane for
therapeutic action or to restore the function of the skin is
called as topical medication.

Conventional topical drug delivery systems like creams
and ointments have disadvantages such as greasy and
sticky when applied to the skin which causes discomfort
and uneasiness to the patients and also, they need to
apply by rubbing due to less spreading coefficient. Due
to these disadvantages in pharmaceutical and cosmetic
preparation the use of gels has increased widely.
However, in spite of numerous advantages, the major
limitation is poor vehicle for hydrophobic drug delivery,
these can be overcome by emulgel formulation. The
emulgel formulation as ability to incorporate
hydrophobic drug particles into oil phase which are
dispersed into continuous aqueous phase leads to
formulation of o/w emulsion. Then this emulsion is
jellified with gel base results in emulgel formation with
enhanced drug stability and also a controlled release of
the drug.

CONSTITUENTS OF EMULGEL

* Vehicles

In the emulgel preparation, both lipophilic and
hydrophilic drugs can be delivered by using aqueous and
oil phase.

* Properties of vehicle:

Even distribution of drug on the skin with efficient
deposition of drug on the skin.

Controlled release of the drug and deliver of the drug to
specific target site.

At target tissue, sustain the therapeutic drug level for
specific period to show pharmacological action.
Depending on the vehicle characteristics the rate and
extend of drug absorption varies and it also depends on
characteristics of active agent.

» Aqueous material: These are used to formulate the
aqueous phase of the emulsion. Commonly used agents
are water and alcohol as aqueous phase in emulgel.

« Oils: These agents form the oily phase in the emulsion.
For externally applied emulsions, example: mineral oils,
either alone or combined with soft or hard paraffin, are
widely used as the vehicle for the drug and for their
sensory and occlusive characteristics. The commonly
used oils in oral preparations are non-biodegradable
mineral and castor oils that provide a local laxative
action, and fish liver oils or various fixed oils of
vegetable origin (example; cottonseed, maize and

Arachis oils) as nutritional supplements. 2!
DOSAGE

CHEMICAL QUANTITY FORM
Light Liquid 0 Emulgel and
Paraffin 7.5% Emulsion
Isopropylmyristate 7—7.5% Emulgel
Isopropyl Stearate 7—7.5% Emulgel
Isopropyl Palmitate 7—7.5% Emulgel
Propylene Glycol 3-5% Emulgel

» Emulsifiers

To improve stability during the shelf-life and to increase
the emulsification of the preparation, emulsifying agents
are used. Emulsifiers are selected based in the HLB
value and according to formulation characteristics. In
w/o type of emulsion formulation mineral oil having
HLB value less than 8 are used whereas in o/w emulsion
formulation non-ionic surfactant with HLB value greater
than 8 are used (Examples of emulsifying agents are
Tween 80, Span80, Tween 20).

* Gelling agent

Gelling agents are used for preparing gels for any dosage
form. It enhances the consistency of any formulation and
also can be used as thickening agent. They are two types
natural and synthetic gelling agents. Some examples of
gelling agents are Carbopol 940, Carbopol 934, HPMC k
100 etc. 1>

GELLING QUALITY | DOSAGE
AGENT FORM
Cabapol-934 0.5-2% | Emulgel
Carbapol-940 0.5-2% | Emulgel
HPMC-2910 2.5% Emulgel
HPMC 3.5% Gel
Sodium CMC 1% Gel

 Permeation enhancers
These are agents that partition into and interact with skin
constituents to induce a temporary and reversible
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increase in skin permeability and increase drug delivery
into the skin.
Ex: methanol, oleic acid, clove oil, cinnamon.

* Properties of penetration enhancers

i.  They should be non-allergic, non-irritating and non-
toxic.

ii. They should work rapidly; the activity and duration
of the effect should be reproducible and predictable.

iii. They should have no pharmacological activity
within the body i.e., should not bind to receptor
sites.

iv. The penetration enhancers should  work
unidirectional i.e., should allow therapeutic agents
into the body whilst preventing the loss of
endogenous material from the body.

v. The penetration enhancers should be appropriate for
formulation into diverse topical preparations, thus
should be compatible with both excipients and
drugs.

MECHANISM OF

ENHANCERS!M*

They can act by one or more main mechanisms:

o Disruption of the highly ordered structure of stratum
corneum lipid.

e Interaction with intercellular protein.

e Improved partition of the drug, co-enhancer or
solvent into the stratum corneum.

PENETRATIONS

Permeation Enhancers™*”!

PERMEATION DOSAGE
ENHANCER QUALITY FORM
Oleic Acid 1% Gel
Lecithin 5% Gel

Urea 10% Gel
Isopropyl Myristate 5% Gel
Linoleic Acid 5% Gel

Clove Qil 8% Emulgel
Menthol 5% Emulgel
Cinnamon 8% Emulgel

* pH Adjusting Agent

These are the agents which are used to adjust and
maintain the pH of the formulation.

Example: triethylamine, NaOH, etc.

PREPARATION OF EMULSION

Phase Inversion Method

Phase inversion method is a method in which W/O type
of emulsion is formed by addition of aqueous phase to
oil phase. When water is added to the already existing
emulsion, inversion of emulsion occurs which yields
O/W type of emulsion.

Wet Gum Method

Wet gum method is a method in which acacia is used as
a gum [emulsifying agent]and oil is added to the gum
drop by drop with continuous stirring.

The constituents added are same as that of the dry gum
method where only the preparation method differs.

Continental and Dry Gum Method
Dry gum method is a method in which acacia is used as
emulsifying agent, to this four times oil is added and
triturated in mortar and pestle, to this mucilage water is
added and triturated again until cracking sound is heard,
thus the primary emulsion is formed.

Membrane Emulsification Method

Membrane emulsification method is a method in which
drop by drop novel method is used to produce an
emulsion. dispersed phase penetrates through porous
membrane to the continuous phase when direct pressure
is applied the droplets formed are separated from
membrane due to shear motion between the continuous
phase and the membrane.

METHOD OF PREPARATION! 4243

Steps to prepare the emulgel.

STEP 1: Formulation of gel base.

STEP2: Formulation of Emulsion.

STEP 3: Incorporation of emulsion into gel base with
continuous stirring.

1. Formulation of gel base

Gel was prepared by dissolving Carbopol powder in
purified water in speed stirrer (50 rpm), and then the pH
was adjusted to 6 — 6.5 using Triethanolamine. The
methyl cellulose gel was prepared by dispersing methyl
cellulose powder in heated purified water (80 °C), and
the dispersion was cooled to room temperature and left
overnight to ensure hydration of the gel.

Step 2: Formulation of emulsion

The aqueous phase was prepared by adding the required
amount of tween 20 in purified water and the oil phase
was prepared by adding certain amount of span 20 in
liquid paraffin. The weighed quantity of drug was
dissolved in suitable solvent. Methyl paraben and propyl
paraben of required amounts were dissolved in propylene
glycol and then both were mixed with aqueous phase.
The oily and aqueous phases heated to 70-80° C
separately. Then, the oil phase was added to the aqueous
phase with continuous stirring at 50 rpm until cooled to
room temperature.

Step 3: Formulation of emulgel

Mix the prepared emulsion into gel base of ratio 1:1
dropwise with continuous stirring until the homogenous
emulgel is formed.

EVALUATION OF CURCUMIN EMULGELE*

1. Physical examination

The prepared formulation is visually examined for
observations of physical properties like colour,
consistency, phase separation, Uniformity and
homogeneity.™!
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2. pH determination:

The digital pH meter is used for measuring the pH value
of Emulgel formulation. Before use, pH meter should be
calibrated with standard buffer solutions having pH 4-7.
The pH measurements of each system were replicated
three times for accurate results.

3. Spread ability

Spread ability is determined by apparatus suggested by
Mutimer etal. spread ability is measured on the basis of
“Slip” and “Drag” method. An excess of emulgel (about
2 g) under study is placed on the ground slide. The
emulgel is then sandwiched between this slide and
another glass slide having the dimension of the fixed. A
20gm weight is placed on the top of the two slides for 5
min to expel air and to provide a uniform film of the
emulgel between the slides. Excess of the emulgel from
the edges is scrapped off. A shorter time to reach
standard distance show a better Spread ability.

4. Swelling index

Swelling index of the Emulgel formulation was
determined by using porous aluminium foil. 1 gm of
emulgel is placed on porous aluminium foil and then
kept in a 50 ml beaker containing 10 ml 0.1 N NaOH.
The samples were taken from the beakers at different
time intervals and put it on dry place for some time, after
it is reweighed.

Swelling index was calculated by following formula
(SW) % = [(Wt. — Wo) / Wo] x 100

Where, (SW) %=equilibrium swelling percent

Wo= emulgel weight at zero time

Wit.= weight of swollen Emulgel

5. Globule size and its determination

The globule size of the formulated emulgel is determined
by using microscope, where the stage micrometre is
calibrated using eye piece micrometre, little amount of
prepared emulgel is taken and diluted using the amaranth
dye or Sudan 3 dye, viewed under the microscope for
globule size.

It can also be determined by using Malvern zeta sizer.

6. In vitro drug release study

Emulgel in vitro study were carried out on Franz
diffusion cell using egg membrane, The egg membrane
was clamped on to the hollow glass tube, having 2
chambers i.e., receptor chamber and donor chamber.
Emulgel was applied onto the surface of egg membrane.
The receptor chamber was filled with freshly prepared
buffer (pH 7.4) solution to solubilize the drug. The
samples (1 ml aliquots) were collected at suitable time
interval and were analysed for drug content using
ultraviolet ~ (UV)-visible  spectrophotometer  after
appropriate dilutions, Cumulative corrections are made
to obtain the total amount of drug released at each time
interval, using standard calibration curve.

7. Microbiological assay

Ditch plate method is used. It is a technique used to
evaluate the bacteriostatic or fungistatic activity of a
compound. It is mainly applied for semisolid
formulations. Previously prepared agar dried plates are
used. the emulgel formulations are placed in a ditch cut
in the plate. Freshly prepared culture loops are used for
the streaking across the agar, from the ditch to the edge
of the plate. After incubation for 18-24 h at 25°C, the
fungal growth is observed, and the percentage of
inhibition is measured as follows.

% inhibition = L2/L1 x 100,

Where, L1 = Total length of the streaked culture, and L2
= Length of inhibition

8. Drug content determination

Drug concentration in gellified Emulsion was examined
by using spectrophotometer, by dissolving known
quantity of emulgel in a solvent (methanol) by
Sonication. Absorbance was determined after suitable
dilutions in UV/Visible spectrophotometer.
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