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ABSTRACT

Transdermal drug delivery systems are dosage forms that deliver a therapeutically effective amount of drug across a patient’s skin.

The delivery of drugs through the skin provides several important advantages over traditional oral and intravenous delivery routes. The ability to
deliver drugs for systemic effect through intact skin while by passing first pass hepatic metabolism has accelerated transdermal drug delivery
research in pharmaceutics. Transdermal delivery provides convenient and pain-free self-administration for patients. It eliminates frequent dosing
administration and plasma level peaks and valleys associated with oral dosing and injections to maintain a constant drug concentration, and a
drug with a short half-life can be delivered easily. Transdermal gels are semisolid formulations, which have an external solvent phase, may be
hydrophobic or hydrophilic in nature, and are immobilized within the spaces of a three-dimensional network structure.
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INTRODUCTION

Skin is the main route of topical drug delivery system one
of the most readily accessible organs on human body for topical
administration. Delivery of drugs through the skin has been an
attractive as well as a challenging area for research. An optimum
amount of the drug is administered to the patient with a motive to
reaches exactly at the site of action and to produce therapeutic
effects [1. To minimize drug degradation and loss, to avoid harmful
side-effects and to increase drug bioavailability various drug
delivery and drug targeting systems are currently under
development. One of the most often utilized method is transdermal
delivery system that involves transport of therapeutic substances
through the skin for systemic effect. The main purpose of
transdermal drug delivery system is to deliver drugs to the systemic
circulation through the skin at predetermined rate with minimum
inter and intra patient variability [3l.

Its discovery is a major breakthrough in the field of
controlled drug delivery systems.

Transdermal gels are semisolid formulations, consisting
of typically 99% weight liquid, which is immobilized by surface
tension between it and a macromolecular network of fibers built
from small amount of a gelating substances present, whenever used
at pathological sites offer great advantage in a faster release of drug
directly to the site of action, independent of water solubility of drug
as compared to creams and ointments 4.

1. Transdermal drug delivery system:

Transdermal drug delivery systems are topically
administered medicaments in the form of patches that deliver drugs
for systemic effects at a predetermined and controlled rate 5.

Compared to other conventional routes of drug delivery
such as oral, injection and inhaler, transdermal delivery has a
variety of advantages. Transdermal systems are non-invasive,
convenient, and inexpensive and can be self-administered. They can
provide sustained plasma concentration profile for long periods of
time . A transdermal drug delivery device, which may be of an
active or a passive design, is a device which provides an alternative
route for administering medication. These devices allow for
pharmaceuticals to be delivered across the skin barrier [7].
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1.2: Transdermal Gels:

The term ‘gel’ was introduced in the later 1800 to
name some semisolid material according to pharmacological,
rather than molecular criteria [8l.

Gel are a semisolid system that contains either
suspension of small inorganic particles or large organic molecules
within the liquid. There is a liquid phase is constrained within a
three dimensional polymeric matrix of natural or synthetic gums in
which a high degree of physical or chemical cross linking is present.
Gels contain substantially dilute cross-linked system, which shows
no flow when in the steady state. Gels have higher aqueous
component which allows greater dissolution of drugs, which in turn
easily migrate the drug through a vehicle, compared to ointment and
creams. Therefore, they are better in terms of use and patient
compliance. Transdermal gels deliver a therapeutically effective
amount of drug across a patient’s skin. However both topical and
transdermal gels are intended for external use [°l. Topical gels are
intended for localized action on one or more layers of the skin
whereas transdermal gels use the percutaneous route for systemic
effect. Gel formulations provide faster drug release as compared to
the ointments and creams in which the drug is dispersed as fine
particles. Gels have a higher aqueous component that permits
greater dissolution of drugs, and also permit easier movement of the
drug through a vehicle that is essentially a liquid, compared with the
ointment or cream bases [1%,

2.1. Advantages of transdermal gels: ['* 1%]
. No first pass hepatic metabolism
. In case of toxicity drug can be easily eliminated.
. Reduce side effects.
. Less dosing frequency.
. Suitable for nonresponsive patients, unconscious or comatose
patients.
. Continuity of drug administration permitting the use of a drug
with short biological half-life.
7. Drugs that are degraded by enzymes and acids in the
gastrointestinal system can be administrated by transdermal
gels.
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2.2. Limitations of transdermal gels: [13]

1. Unsuitable for drugs that irritate or sensitize the skin.

2. Not suitable for drugs which have very low or high partition
coefficient. Drug should have favorable partition coefficient
(log P 1-3).

3. Not suitable for drug having larger molecular weight (>500Da),
it becomes to penetrate the stratum cornea.

4. Not favorable for drugs which are extensively metabolized in
skin.
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2.3. Advantages of transdermal gels over transdermal patches:

[14]

1. Due to heat, cold, and sweating patch may be removed from

skin surface. Therefore a new patch has to be applied daily.

2. In case of no proper adherence of patch, there will be need of
various types of tapes and bandages, but none of them will be
satisfactory.

. The patches may remove from skin by itself.

4. Patches applied on skin may cause bleeding and inflammation
when applied or removed improperly. The skin beneath the
skin patch becomes abraded and wet to tough.

5. Mostly patches depend on concentration gradient of drug
within the matrix or reservoir to deliver drug through skin. As
a result, a high percentage of dose can remain within the patch
when delivery get stopped or slow down.

w

2.4. Classification of transdermal gels: ['5 1]
a) Based on nature of colloid phase:

2.5. Gel forming substances: [17]

i) Inorganic gels
ii) Organic gels

b) Based on nature of solvent:
i) Aqueous gels

ii) Non aqueous gels

c) On the basis of structure:
Physical gels: unstable at high temperature or in solvents.

Chemical gels: not tough due to uneven temperature.

Slide ring gels: in that polymer chains are covalently cross did not
link nor attractively interacted rather they are interlocked.

GELFORMING
SUBSTANCES
I T 1 T
NATURAL | [SEMISYNTHETIC SYNTHETIC INORGANIC N ——
_POLYMERS POLYMERS POLYMERS SUBSTANCES = = < s ‘
A. Carbomer— Alrninitrm
1.Proteins — Carbopol 940, Carbopel hydroxide, Cebrostearyl
Collagen, Gelatin| CELLULOSE 934, Poloxamer, Bentonite aleohol, Brij -
DERIVATIVES- Polyvinylalcohol 96
Carboxymethvl B.P
2 celulose, .Poloxamer
Polyvsaccharides MMethylecellulose, C. Polyacrylamide
-Agar, Alginate Hydroxypropyl D. Polyvinyl alcohol
acid, Tragacanth cellulose, Hydroxy
Pectin, Guar propylmethyl
Cum, Cassia celluloze,
Hydroxwetlml
cellulose

3. Stratum corneum as the transdermal permeation barrier:
The skin of an average adult body covers a surface area of
approximately 2 sqm and receives about one-third of the blood
circulation through the body. It is one of the most readily accessible
organs on the human body [#l.
The skin is a multilayered organ composing of many
histological layers:

1. Epidermis; 2. Dermis; 3. Hypodermis

The outermost layer, the epidermis is approximately 100
to 150 micrometers thick has no blood flow and includes a layer
within it known as the stratum corneum. This is the layer most
important to transdermal delivery as its composition allows it to
keep water within the body and foreign substances out. Beneath the
epidermis, the dermis contains the system of capillaries that
transport blood throughout the body [*°l. If the drug is able to
penetrate the stratum corneum, it can enter the blood stream. A
process known as passive diffusion which occurs too slowly for
practical use is the only means to transfer normal drugs across this
layer [29],
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Fig. 1: Structure of Skin
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4. Factors affecting transdermal permeation:
4.1. Biological factors:
1. Anatomic site: >}

The skin absorption varies from site to site on the
body. There is variability but, over most of the surface, this is not
greater than the normal inter individual variability observed at a
specific site. Certain regions are more permeable - the genitalia,
especially the scrotum, the axilla, the face, the scalp, and post-
auricularly.

2. Skin condition and disease: [*?)

The intact, healthy skin is a tough barrier but many
agents can damage it. Vesicants such as acids and alkalis injure
barrier cells and thereby promote penetration. In case when the
skin gets inflamed in a disease with loss of stratum corneum and
altered keratinization, the permeability increases.

3. Age: 22

Skin of the young and the elderly is more permeable
than adult tissues. Children are more susceptible to the toxic
effect of drugs and chemicals, due to their greater surface area
per unit body weight.

4. Skin metabolism: (2]

Catabolic enzymes present in the viable epidermis may
leads to a drug inactive by metabolism and affect the topical
availability of the drug.

4.2. Physicochemical Factors:
1. Skin hydration: 1231

Water saturates the skin, the tissues swells, soften and
wrinkles and thus increases its permeability. Skin hydration can
be achieved simply by covering or occluding the skin with plastic
sheet leading to accumulation of sweat and condensed water
vapour.

2. Temperature: 123!

Increase in the skin temperature leads to increase in the
rate of skin permeation due to rise in solubility of drug in skin
tissues and increased dilation of skin vessels.
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3. pH and pKa: >4

Solutions having high pH values when applied to the
skin, can be damaging to the skin. An ionizable drug will be
present in both charged and uncharged form depending on its
pK, and pH of the environment. The ionized moiety on the other
hand is wusually less lipid soluble, limiting transdermal
permeation.

4. Partition coefficient: 1>5!

Drugs would preferably have a balanced lipophilic/
hydrophilic character and a drug with a log P value of < 2 is
considered to be a potential candidate for transdermal delivery.

5. Evaluation parameters of transdermal gel:
1. Measurement of pH: °]

The pH of various gel formulations is measured by means
of digital pH meter. One gram of gel is dissolved in 100 ml distilled
water and stored for two hours.

2. Drug content: 7]

1 g of the prepared gel is mixed with 100ml of suitable
solvent. Aliquots of different concentration are prepared by suitable
dilutions after filtering the stock solution and absorbance is
measured by UV spectrophotometer.

3. Viscosity study: 1>°]

The measurement of viscosity of the transdermal gel is
done with a Brookfield Viscometer. The gels are rotated at 0.3, 0.6
and 1.5 rotations per minute. At each speed, the corresponding dial
reading is noted.

4. Spreadability: 1>°)

One of the criteria for a gel to meet the ideal quantities is
that it should possess good spreadability. It is the term expressed to
denote the extent of area to which gel readily spreads on application
to skin or affected part. The therapeutic efficacy of a formulation
also depends upon its spreading value. It is calculated by using the

formula:
_ML
- T

Where M = wt. tied to upper slide, L = length of glass slides, T = time
taken to separate the slides

5. Extrudability study: 3°]

To determine Extrudability the formulations are filled in
the collapsible tubes after the gels are set in the container. The
extrudability of the formulation is determined in terms of weight in
grams required to extrude a 0.5 cm. ribbon of gel in 10 second.

6. Skin irritation study: 131

Guinea pigs (400-500 g) of either sex are used for testing
of skin irritation. The animals are maintained on standard animal
feed and had free access to water. The animals are kept under
standard conditions. Hair is shaved from back of guinea pigs and
area of 4 cm? is marked on both the sides, one side served as control
while the other side is test. Gel is applied (500 mg / guinea pig)
twice a day for 7 days and the site is observed for any sensitivity and
the reaction if any, is graded as 0, 1, 2, 3 for no reaction, slight
patchy erythema, slight but cofluent or moderate but patchy
erythema and severe erythema with or without edema, respectively.

7. In vitro Diffusion studies: 1]

The diffusion studies of the prepared gels can be carry out
in Franz diffusion cell for studying the dissolution release of gels
through a cellophane membrane. Gel sample (0.5g) is taken in
cellophane membrane and the diffusion studies are carried out at 37
+ 1° using 250 ml of phosphate buffer (pH 7.4) as the dissolution
medium. Sample is withdrawn periodically and analyzed by UV
spectrophotometer.

8. Stability: 13

The stability studies are carried out for all the gel
formulation by freeze - thaw cycling. Product is subjected to a
temperature of 4° C for 1 month, then at 25°C for 1 month, then at
40°C for 1 month. After this gel is exposed to ambient room
temperature and liquid exudates separating is noted.

9. Consistency: 133
Consistency of the prepared gels is determined by
dropping a cone attached to a holding rod from a fix distance of
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10cm in such way that it should fall on the centre of the glass cup
filled with the gel. The penetration by the cone is measured from the
surface of the gel to the tip of the cone inside the gel. The distance
traveled by cone is noted down after 10sec.

CONCLUSION

Transdermal drug delivery is an exciting and challenging
area. Transdermal drug delivery systems are a constant source of
interest because of the benefits that they afford in overcoming many
drawbacks associated with other modes of drug delivery (i.e. oral,
intravenous). There are numerous transdermal delivery systems
currently available on the market. Avoidance of hepatic first-pass
metabolism and the GI tract for poorly bioavailable drugs is another
advantage of transdermal delivery. Elimination of this first-pass
effect allows the amount of drug administered to be lower, and
hence safer in hepatic-compromised patients, resulting in the
reduction of adverse effects. Transdermal systems are generally
inexpensive when compared with other therapies on a monthly cost
basis, as patches are designed to deliver drugs from 1 to 7 days. The
other advantage of transdermal delivery is that multiple dosing, on-
demand or variable-rate delivery of drugs, is possible with the latest
programmable systems, adding more benefits to the conventional
patch dosage forms. The general acceptability of transdermal
products by patients is very high, which is also evident from the
increasing market for transdermal products.
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