IAJPS 2021, 08 (06), 160-166 Sivadasu Praveen et al ISSN 2349-7750

CODEN [USA]: IAJPBB ISSN : 2349-7750

INDO AMERICAN JOURNAL OF

PHARMACEUTICAL SCIENCES

UTICAL SCIENCES SJIF Impact Factor: 7.187

Online at: http://www.iajps.com Review Article

REVIEW ON EMULGEL A NOVEL APPROACH FOR TOPICAL
DRUG DELIVERY SYSTEM

Aswini K, Praveen Sivadasu* and Padmalatha K
Vijaya Institute of Pharmaceutical Sciences for Women, Enikepadu, Vijayawada-521 108
Krishna district Andhra Pradesh, India.

Article Received: May 2021 Accepted: May 2021 Published: June 2021

Abstract:

Emulgel is currently attracting researchers for its potential as a drug delivery system by loading a broad range of
drug molecules. Emulgel is formed by incorporating either o/w or w/o emulsion in a gel base formed by a gelling
agent. By incorporating emulsion into a gel enhances the stability and makes it a dual control release system. When
compared with other topical drug delivery systems emulgel shows better drug release and enhanced patient
compliance due to the presence of soluble excipients. The current review gives an overview of ideal properties with
special emphasis on the formulation and evaluation of emulgel.
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INTRODUCTION:

Topical drug delivery is defined as the application of
drug-loaded formulations to the skin to treat various
skin disorders and to obtain a localized effect of the
drug. Further, these topical drug delivery systems are
mainly used to treat various skin infections (bacterial
or fungal) by bypassing the first-pass metabolism
effectively [1]. In a topical drug delivery system, the
desired drug reaches the site of action by diffusing
out from the carrier and gets absorbed through the
skin [2]. Absorption through the skin (percutaneous)
can be enhanced by increasing the rate of drug release
from the carrier [3]. The release rate enhancement of
the desired drug from the topical formulations is
entirely dependent on the physicochemical properties
of both the drug and the carrier system [4].

In the last two decades emulsion in the form of gels is
rapidly picking up significance in pharmaceutical
research. Their usage as a carrier system originates
from the wide use of emulsions for dermatological
purposes. Emulgel is defined as emulsions either of
water in oil or oil in water type which are converted
to a gel by using a gelling agent [5]. Further, the
emulsion can be used as a delivery system to deliver
the desired drug in a controlled manner where the
drug is entrapped in the internal phase which acts as a
drug reservoir and reaches the skin through the
external phase and gets absorbed slowly. Gel captures
the drug particles and releases them in a controlled
manner and the contact period can be prolonged by
enhancing the mucoadhesive property of the carrier
system [6]. Since Emulgel has the characteristics of
both emulsion and a gel this carrier system can be
used as a dual control release system where, w/o
emulsions are widely used for moisturizing dry skin,
and o/w emulsions are used as general cosmetics [7,
8]. Further, Emulgel when used as a topical drug
delivery system possesses some advantages like
emollient, greaseless, thixotropic, easily removable,
non-staining, and compatible with the excipients used
in the formulation [9]. Furthermore, the rate of drug
release and stability of the loaded drug is entirely
dependent on the type and concentration of polymer
used in the formulation of gel. Emulgel also has
improved patient compliance due to its non-greasy
nature when compared with other topical drug
delivery systems like ointments and creams [10, 11].
Emulgel may serve as an alternative approach for
delivering hydrophobic drugs via skin [12].

Advantages [13]

1. Bypassing the first-pass metabolism
2. Delivery to a specific site.

3. Improves patient compliance

4. Self-medication is possible
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5. Drugs with a narrow therapeutic window can be
delivered.

6. Termination of medication is possible whenever
desired.

7. Easytoapply

8. Drugs with poor aqueous solubility can be
delivered

9. Drug loading capacity can be enhanced.

10. Drug stability can be improved.

11. Feasible for production with low preparation
cost.

12. The desired drugs can be released in a controlled
manner.

Disadvantages [14]

1. Skin irritation and a chance of contact dermatitis.

2. Allergic reactions are possible.

3. Poor permeability for some of the drugs through
the skin.

4. Drugs with large particle sizes cannot be
delivered.

Ideal properties of the drug candidate to

formulate as Emulgel [15]

1. The dose of the desired drug should be less than
10 mg.

2. The molecular weight of the desired drug should
be less than 400 Daltons

3. The half-life of the drug should be less than 10
hr.

4. The partition coefficient value should be between
0.4-0.8.

5. Oral bicavailability and therapeutic index should
below.

6. Drugs should be non-irritating and they should
have less polarity.

The rationale of choosing Emulgel as an
alternative approach for delivering the desired
drugs

Conventional topical drug delivery system possesses
various disadvantages like their sticky nature which
causes discomfort to the patient while applying the
formulation on skin. Additionally, they also have a
lower spreading coefficient and rubbing of the
formulation is needed to apply the formulation and
they also have drug stability issues. To overcome the
above-mentioned limitations of conventional topical
drug delivery systems usage of transparent gels came
into existence for both cosmetic and pharmaceutical
applications.

A gel is typically a colloid (99% of the weight is
liquid) i.e. is immobilized by the surface tension
between the liquid and macromolecular network of
fibres built from a gelatin substance. Even though
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this drug delivery system has various advantages the
major limitation is the delivery of poorly water-
soluble drugs. To overcome this drawback emulsion-
based gel is being used to deliver even hydrophobic
drugs [16].

Delivery of the loaded drugs through the skin

As depicted in Figure 1 there are two important
layers so f skin (epidermis and dermis). Beneath the
skin, in the subcutaneous layers, blood vessels are
abundantly distributed. Further, drug absorption
through the skin mainly occurs by three different
mechanisms  (intercellular,  transcellular  and
follicular). Additionally, there is an alternative route
to deliver the drugs i.e. pilosebaceous route where
penetration happens through the intercellular matrix,
but by the Transcellular pathway, polar drug
molecules can be rapidly absorbed. In healthy skin,
cell-like keratinized corneocytes and large non-polar
lipid intercellular matrix serve as barriers for drugs
[17]. Drug penetration through the skin can be
enhanced by using permeation enhancers like
propylene glycol, surfactants and DMSO. These
permeation enhancers enhance the permeation of the
drug by altering the barrier properties of the stratum
corneum (enhancing solubility, partitioning the
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stratum corneum and fluidising the crystalline
structure of the stratum corneum) [18].

Different excipients used in the formulation of
Emulgel

Aqueous Materials

These materials in general form the aqueous phase of
the emulsion. Commonly used agents are water and
alcohols [19].

Qils

They are responsible for the oil phase of the
emulsion. This oil phase plays a vital role in different
formulations  (emulsion,  microemulsion  and
nanoemulsion) as the physicochemical properties of
these oil phases govern the spontaneity in the
formation of an emulsion. Further, oil with maximum
ability to solubilize the drug is considered as oil
phase for the preparation of emulsion which helps in
attaining maximum drug loading. Therefore, the
choice of oil is often a compromise between
solubilizing the drug and the ability to facilitate the
formation of respective emulsion with desired
characteristics [20]. Various oils used in the
preparation of emulsions are listed in Table 1.

Sweat pore

- } Epidermis

— Dermis

Hypodermis
(Subcutis)

Pacinian corpuscle
Figure 1: Cross-section of skin
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Table 1: Oils used in the formulation of emulsion and their uses [14]

Name of the oil Quantity Dosage form
Light liquid Paraffin 7.5% Emulsion and Emulgel
Isopropylmyristate 7-1.5% Emulsion
Isopropyl stereate 7-7.5% Emulsion
Isopropyl palmitate 7-7.5% Emulsion
Propylene glycol 3-5% Gel
Emulsifiers Permeation enhancers

Emulsifiers are used as agents to control the process
of emulsification and maintain the stability of the
emulsion. Further, the stability of the emulsion can be
enhanced because in general emulsions are
thermodynamically unstable. To formulate ofw
emulsions surfactants with HLB values greater than 8
like spans and tweens can be used. Similarly, to
formulate w/o emulsions mineral oils like liquid
paraffin having an HLB value less than 8 can be
used. Furthermore, a mixture of tween and span
results in the formation of more stable emulsion when
compared to their individual use [21].

Permeation enhancers are the agent that enhances the
absorption of drugs through the skin by temporarily
thinning the permeability of the skin. These agents
should be inert, non-toxic, non-allergic, colourless,
odourless, tasteless and should be compatible with
the drugs and excipients. The permeation enhancers
incorporated in the formulation should not cause and
fluid loss from the body and other endogenous
materials and on its removal skin should regain its
barrier properties [22]. Various permeation enhancers
used in the formulation of Emulgel are depicted in
Table 2.

Table 2: Permeation enhancers used in the formulation of emulsion and their uses [14]

Permeation enhancer Quantity Dosage form
Oleic acid 1% Gel
Lecithine 5% Gel
Urea 10% Gel
Isopropyl myristate 5% Gel
Linoleic acid 5% Gel
Clove oil 8% Emulgel
Menthol 5% Emulgel
Cinnamon 8% Emulgel

Gelling agents

Gelling agents are used to forming the base for a gel which will be incorporated in the emulsion to form Emulgel.
They are also termed thickening agents which enhances the viscosity of the dosage form by swelling the aqueous
phase. Incorporating a gelling agent into the system makes it thixotropic [23, 24]. Various gelling agents used in the

formulation of Emulgel are depicted n Table 3.

Table 3: Gelling agents used in the formulation of emulsion and their uses [14]

Gelling agent Quantity Dosage form
Carbopol-934 0.5-2% Emulgel
Carbopol-940 0.5-2% Emulgel
HPMC-2910 2.5% Emulgel
HPMC 3.5% Gel
Sodium CMC 1% Gel
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Formulation of Emulgel

A typical procedure for formulating an Emulgel
primarily involves the preparation of the gel base by
using a gelling agent. Where the required quantity of
carbopol 940 (gelling agent) was weighed and
dispersed onto warm distilled water with vigorous
stirring and the solution is allowed to hydrate for 2
hr. To the above solution, other excipients like
propylene glycol and glycerol were added with
constant stirring. Further, the required quantity of the
drug was weighed and dispersed and the solution is
neutralized to pH 6 by using triethanolamine and the
final volume was adjusted by using distilled water
and kept aside overnight to remove the air bubbles.
Post formulating the gel base the chosen emulsion
(o/w or wf/o) was formulated and finally, the
emulsion will be fused into a gel base to form the
desired drug-loaded emulgel [25]

Evaluation of the drug-loaded Emulgel

Fourier transform infrared spectroscopy (FTIR)
FTIR study was performed majorly to identify a
stable storage condition for the drug in solid-state and
to identify the compatibility between the drug and
various excipients used in the formulation of the
desired emulgel [26].

Physical appearance

The formulated drug-loaded emulgel is evaluated for
its physical properties like color, consistency, and
homogeneity [27].

pH

The pH of the formulated drug-loaded emulgel is
analyzed by using a digital pH meter. Where
electrodes are dipped into 1% of the aqueous solution
of the prepared gel and pH is noted down [9].

Swelling index

The swelling index of the formulated emulgel is
calculated by placing 1g of the formulated gel on an
aluminum foil and placed in a beaker containing
10ml of 0.1N NaOH. Further, at predetermined time
intervals samples were collected and allowed o to dry
and the weight of the sample is noted. The swelling
index is calculated by using the following formula.

Swelling index = ————* 100
welling index o *

Where,

Wo = Initial weight of the emulgel

Wt = Weight of swollen emulgel at time t
SW (%) = Percent Swelling index [28]
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Spreadability

To understand the ability of the formulated emulgel
to spread a special apparatus was designed.
Spreadability is expressed in the terms of time
(seconds) taken by the slides to slip off from the gel
under the application of a certain amount of load, the
lesser the time is taken to separate better is the
spreadability. A typical setup involves selecting two
glass slides of 6*2 cm each and placing the selected
quantity of the formulation (500 mg) over one of the
slides. The selected slides were placed in such a
manner that the gel will be sandwiched between two
slides. The formulation was squeezed continuously to
form a thin layer by applying a weight of 100g on the
upper slide and the excess formulation on the sides of
the slides is scrapped off. Further, the lower slide is
fixed on the apparatus and the upper slide is tied to a
string, and to the sting, a load of 20g is applied with
the help of the pulley. Post application of weight time
taken for the upper slide to move to a distance of 6m
and separate from the lower slide is noted and
spreadability was evaluated.

M
Spreadability = T* L

Where,

M = Weight tied to upper slide (20 g)
L = Length of glass slide (6 cm)

T= Time taken [28]

Extrudability study (tube test)

An extrudability study is performed to measure the
force required to expel the gel from the tube. The
formulated emulgel is checked and filled in clean
aluminum collapsible tubes. Further, the tubes are
pressed with a certain amount of force with the help
of a finger to extrude the gel. Extrudability is
analyzed by calculating the force required to extrude
0.5 cm of ribbon in 10 seconds [24].

Bio-adhesive strength measurement

To measure the bio-adhesive strength a modified
balance method is used. A typical procedure involves
removing both the pans from the balance. Post
removing on the left side a glass slide was hanged
and on the right side, a 100 ml beaker was placed,
and to balance the assembly a 20g weight is placed
on the left side. Another glass slide is placed below
the hanged slide. On both sides, a small portion of rat
skin was attached and one gram of gel is applied to
the skin. A little pressure was applied to form the bio
adhesion bond and slowly water is added to the
beaker till the applied gel is separated from the skin
surfaces. The volume of water added is converted
into mass and bio-adhesive strength was calculated
[29].
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Determination of drug content

To measure the gel content required quantity of
formulated gel (1 g) was dissolved in a suitable
solvent and filtered to obtain a clear solution. The
obtained solution absorbance was measured by using
UV Visible Spectrophotometer and drug content was
determined by using a calibration curve of the loaded
drug [30].

In-vitro drug release studies

In-vitro drug release studies of the loaded drugs in
the emulgel by using an egg shell membrane. An
eggshell membrane will have keratin-like human
skin. To obtain the eggshell a whole egg is dissolved
in 0.5 M HCI where the outer shell of a whole egg is
dissolved resulting in a membrane. Post dissolution
other contents of the egg are removed and the
membrane is collected, washed, and stored in a
refrigerator. Franz diffusion cell is used to perform
the study where one gram of gel was applied on 9.8
cm? area of egg membrane and tied to the donor
compartment and the volume of the receptor fluid is
reserved to 37.5 ml, the temperature is maintained at
37 °C and stirred at 100 rpm using a magnetic stirrer.
At predetermined time intervals, a sample of 3 ml
was analyzed by using the UV spectrophotometric
method [31].

Ex-vivo skin permeation studies

Ex-vivo skin permeation studies were performed on
Albino rats weighing 200-250 g was used. The skin
was excided from the selected animals and placed on
aluminum foil and the dermal side of the skin was
scraped off for fat or subcutaneous tissue. Further, the
skin was washed with physiological buffer and
freshly obtained skin should be wused in all
experiments.

The ex-vivo skin permeation studies from different
formulations were studied using Franz diffusion cell
where the receptor compartment is loaded with 37.5
ml of buffer. Skin loaded with gel sandwiched
between donor and receptor compartment with donor
compartment having epidermis site. The donor
compartment is maintained at 37 + 1°C with constant
stirring. At predetermined time intervals, 3 ml of
samples were collected and replaced with an equal
volume of buffer, and the cumulative percentage of
drug diffused across the membrane was calculated at
each time point [31].

Stability studies

The optimized emulgel formulation is subjected to
stability studies. Where a sufficient quantity of
emulgel was sealed in 10g of collapsible tubes in
triplicate and subjected to stability studies at 5 °C, 25
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°C /1 60% RH, 30°C/ 65% RH, and 40°C/ 75%RH for
3 months and the samples were analyzed at
predetermined time intervals for pH, Physical
appearance and drug content [32].

CONCLUSION:

Emulgel is widely used as an alternative option for
topical drug delivery systems due to its improved
patient compliance. Further, emulgel possess various
advantages like better spreadability, adhesion,
viscosity, and extrusion. Moreover, this emulgel can
be used as an alternative approach for loading
hydrophobic drugs in water-soluble gels. From the
above findings, it can be concluded that emulgel can
be a potential approach to deliver the drugs
effectively through the skin.

Acknowledgments
The authors express their gratitude to the Principal of
Vijaya Institute of Pharmaceutical Sciences for
Women for providing necessary support in due
course of the work.

Conflict of Interest
The authors confirm that this article's content has no
conflict of interest.

REFERENCES:

[1] Kshirsagar N A. Drug Delivery Systems. Ind.
J. Pharmacol. 2000; 32:S54- 61.

[2] Zi P, Yang X, Kuang H, Yang Y, Yu L: Effect
of HP-beta CD on solubility and transdermal
delivery of capsaicin through rat skin. Int. J.
Pharm. 2008; 358: 151-8.

[3] Shokri J, Azarmi S, Fasihi Z: Effect of various
penetration  enhancers on  percutaneous
absorption of piroxicam from emulgel. Res.
Pharm. Sci. 2012; 7: 2225-34.

[4] Foldvari M: Non-invasive administration of
drugs through the skin: challenges in delivery
system design. Pharm. Sci. Technol. Today.
2000; 3: 417-25.

[5] Mohamed MI: Optimization of chlorphenesin
emulgel formulation. AAPS J..2004; 6(3): 81-7.

[6] Alexander A, Ajazuddin, Tripathi DK, Vrema
ST, Maurya J, Patel S: Mechanism responsible
for mucoadhesion of mucoadhesive drug
delivery system: a review. Int. J. Appl. Biol.
Pharm. Technol. 2011; 2: 434-45.

[7] Elbayoumi TA, Torchilin VP: Liposomes for
targeted delivery of antithrombotic drugs. Expert
Opin. Drug Deliv. 2008; 5 1185-98.

[8] Torchilin V: Antibody-modified liposomes for
cancer chemotherapy. Expert Opin. Drug Deliv.
2008; 5: 1003- 25.




IAJPS 2021, 08 (06), 160-166 Sivadasu Praveen et al ISSN 2349-7750

[9] Panwar AS, Upadhyay N, Bairagi M, Gujar S, Clarithromycin Emulgel for topical delivery.
Darwhekar GN, Jain DK: Emulgel: a review, IJDDR. 2012; 4(3): 310-23.
Asian J. Pharm. Life Sci. 2011;1:2231-4423. [23]Patel RP, Patel G, Baria A: Formulation and
[10] Kumar NPM, Patel MR, Patel KR, Patel NM: evaluation of transdermal patch of aceclofenac.
Emulgels: a novel approach to topical drug Int. J. Drug Del. 2009; 1: 41 — 51.
delivery. Int. J. Univ. Pharm. Bio Sci. 2013; 2: [24] Baibhav J, Singh G, Rana A. C., Saini S, Singla
134-48. V: Emulgel: A Comprehensive Review on The
[11]Hu L, Yang J, Liu W, Li L: Preparation and Recent Advances In Topical Drug Delivery. Int.
evaluation of Ibuprofen-loaded microemulsion Res. J. Pharm.2011; 2(11); 66-70.
for improvement of oral bioavailability. Drug [25]Aher S. D, Banerjee S.K, Gadhave M.V,
Deliv. 2011; 18: 90-5. Gaikawad D.D: Emulgel: a new dosage form for
[12] Dickinson E: Hydrocolloids as emulsifiers and topical drug delivery. IJIPLS. 2013; 3(3): 1-10.
emulsion stabilizers. Food Hydrocolloids 2009; [26] Ranga PM, Sellakumar V, Natarajan R, Mohan
23: 1473-82. KK. Formulation and In-vitro evaluation of
[13]Misra AN, Jain NK. Controlled and novel drug ciprofloxacin-loaded topical emulgel. Int J
delivery. Transdermal Drug Delivery New Delhi, Pharm Chem Sci. 2012;1: 237-42.
India: CBS Publisher and Distributor. 1997:100- [27] Prajapati Mehulkumar N, Patel M R, Patel K R
1. and Patel N M: Emulgels: a novel approach to
[14] Yadav SK, Mishra MK, Tiwari AN, Shukla A. topical drug delivery. IJUPBS. 2013; 2(1): 134-
Emulgel: a new approach for enhanced topical 48.
drug delivery. Int J Curr Pharm Res. 2016; [28]Khalil YI, Khasraghi AH, Mohammed EJ.
9(1):15-9. Preparation and evaluation of physical and,
[15] Shingade GM, Aamer Q, Sabale, Grampurohit rheological properties of clotrimazole emulgel:
ND, Gadhave MV: Review on: recent trend on Iragi J Pharm Sci. 2011; 20(2): 19- 27.
transdermal drug delivery system. J. Drug Dev. [29] Singla V, Saini S, Joshi B, Rana AC. Emulgel: A
Ther. 2012; 2 (1): 66— 75. new platform for topical drug delivery. Int J
[16] Cecv G, Mazgareanu S, Rother M. Preclinical Pharma Bio Sci. 2012; 3(1):485-98.
characterisation of NSAIDs in ultra deformable [30] Trommer H, Neubert RHH: Overcoming the
carriers or conventional topical gels. Int J Pharm. stratum corneum the modulation of skin
2008; 360:29-39. penetration. Skin Pharmacol Physiol. 2006;
[17] Elias PM, Menon GK. Structural and lipid 19:106-21.
biochemical correlates of the epidermal [31] Washitake M, Takashima Y, Tanaka S, Anmo T,
permeability barrier. Adv Lipid Res. 1991; 24:1- Tanaka | Drug permeation through egg shell
26. membranes. Chern. Pharm. Bull.1980; 28:2855-
[18] . Butler H. Poucher’s perfumes cosmetics and 61.
soaps. 10th 16. Bruton L, Keith P, Blumenthal D, [32] Guideline IH. Stability testing of new drug
Buxton L. Goodman and Gillman’s manual of substances and products. Q1A (R2), current step.
pharmacology and therapeutics. 2 ed. Springer, 2003; 4:1-24.

India; 2010. p. 402

[19] Lachman L, Lieberman HA. The Theory and
Practice of Industrial Pharmacy. 3 ed. Mc
Graw’s Hill; Varghese Publishing house; 1990.
p. 534.

[20] Beitz JM: Heparin induced thrombocytopenia
syndrome bullous lensions treated with trypsin-
balsam of peru-castor oil ointment: a case study.
Ostmony Wound Manage. 2005; 51: 52-4.

[21] Vilasau J, Solans C, Gémez MJ, Dabrio J,
Mujika-Garai R, Esquena J: Phase behaviour of a
mixed ionic/nonionic surfactant system used to
prepare stable oil-in-water paraffin emulsions.
Colloids Surf. A Physicochem. Eng. Asp. 2011;
384: 473-81.

[22]Baibhav J, Singh G, Rana AC, Saini S:
Development  and Characterization of




