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ABSTRACT: The aim of this research work was to develop and
characterise bilayer film and to investigate its potential as slow-release
wound healing vehicle. The bilayer is composed of an upper layer
impregnated with Diclofenac diethyl amine and a drug-free lower
layer, which acted as a rate-controlling membrane. Solvent casting
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wound healing was successfully developed. The in vitro drug release
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study implied that by using the bilayer films which retain the drug for
Andhra Pradesh, India
a longer period of time thus minimise the dressing changing
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frequency. The method adopted in this research work is genuine can
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be used as routine analysis of the drug.
INTRODUCTION: Transdermal drug delivery Diclofenac
diethyl
amine
is2-[2-[(2,
6system should duplicate continuous intravenous dichlorophenyl) amino] phenyl] acetic acid and
infusion, which not only by passes hepatic ‘first having molecular formula C14H11Cl2NO2. C4H11N.
pass’ elimination but also maintains a constant, Diclofenac diethyl amine is non-steroidal antiprolonged and therapeutically effective drug level inflammatory drugs (NSAIDs). It blocks the cox
in the body. This is made possible by using intact enzyme and reduces prostaglandins there by
skin as a port of drug administration to provide ongoing inflammation pain and fever is reduced.
continuous delivery of drug in to systemic
circulation. Following skin permeation, the drugs Prostaglandins are produced within the body's cells
first reach the systemic circulation. The drug by the enzyme cyclo oxygenase (Cox). There
molecules are then transported to the target site, actually are two Cox enzymes, Cox-1 and Cox-2.
which could be relatively remote from the site of Both enzymes produce prostaglandins that promote
inflammation, pain, and fever. However, only Coxadministration, to produce therapeutic action 1, 2, 3.
1 produces prostaglandins that support platelets and
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Wound care is “the provision of the appropriate
environment for healing by both direct and indirect
methods together with the prevention of skin
breakdown 4, 5. Depending on the severity of the
wound the desirable wound dressing may therefore
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serve among the purposes of to provide moisture
and occlusion protection form infection and
contamination, debridement and is application and
removal dressing related trauma 6, 7, 8.

(45gm) was poured within 9.6 cm diameter a
Petri dish and allow to dry in oven for 72hrs
at 400C. For evaporating solvent, the rate of
evaporation was controlled by inverting the
cut funnel over the Petri dish.

MATERIALS AND METHODS: Diclofenac
diethyl amine was obtained as a gift sample from
Sarvootham pvt, ltd, Hyderabad. Sodium alginate,
Gelatine (Type-B), Glycerol, Propylene Glycol,
Potassium
dihydrogen
phosphate,
Sodium
bicarbonate, and Sodium hydroxide was purchased
from Himedia laboratories Pvt ltd, Mumbai.
Methanol 99% is obtained from SD Fine chemical
Ltd, Mumbai. Other ingredients and excipients
used were of analytical grade.

b) Preparation of drug loaded layers: The
drug loaded films were prepared by solvent
casting technique. The polymers (6gm
sodium alginate F3) (6gm sodium
alginate&4gm gelatin F4) were dissolved in
74ml distilled water. 5gm of Diclofenac
diethyl amine was dissolved in 20ml of co
solvent mixture (propylene glycol and
methanol 15:5) 6ml of glycerol was added in
to the polymer gel while stirring then the
drug solution was added to sodium alginate
and sodium alginate & gelatin gel, then this
solution (12.5gm in each) was poured on
dried drug free layers and allow to dry in
oven for 24hrs at 40oC. For evaporating
solvent, the rate of evaporation was
controlled by inverting the cut funnel over
the Petri dish.

Preparation of films 9, 10:
A. Preparation of Single Layer Film:
Preparation of single layer film was prepared
by solvent casting technique. [(6gm Sodium
alginate F1) (6gm sodium alginate and 4 gm
gelatine F2)]was dissolved in 74 ml distilled
water and heated at 40oC until a uniform
solution was obtained and allowed to cool.5gm
of Diclofenac diethyl amine was dissolved in
20 ml of propylene glycol and methanol cosolvent the ratio of 15:5. The drug solution was
then added to polymer gel and stirred
homogenously. Then 6ml of glycerol was
added in to the polymer gel while stirring. The
prepared gel (12.5gm) was poured in 9.6 cm
diameter Petri dishes and allows drying in oven
for 24hrs at 400C. For evaporating solvent, the
rate of evaporation was controlled by inverting
the cut funnel over the Petri dishes.

Physicochemical
characterization
transdermal films 9, 10, 11:

of

1. Physical appearance: The prepared patches
were physically examined for colour, clarity
and surface texture.
2. Thickness uniformity: The average thickness
of the films was determined by using digital
calliper.
Thickness measurements were performed in
triplicate

B. Preparation of Bilayer film:
a) Preparation of Drug Free Layer: The drug
free films were prepared by solvent casting
technique. The polymers (6gm sodium
alginate F3) (6gm sodium alginate & 4gm
gelatin F4) were dissolved in 94ml distilled
water. 20ml of co solvent mixture propylene
glycol and methanol (15:5) was added to
sodium alginate and gelatin gel, 6ml of
glycerol was added in to the polymer gel
while stirring then this polymeric solution

3. Folding endurance: The folding endurance
was measured manually for the prepared films.
A strip of film (2 x 2 cm2) was cut and
repeatedly folded at the same place till it broke.
The number of times the film could be folded at
the same place without breaking gives the value
of folding endurance.
4. Solvent loss: The solvent loss was calculated
by difference between the weights of each layer
before and after drying.

International Journal of Pharmaceutical Sciences and Research

2519

Laxmi et al., IJPSR, 2014; Vol. 5(6): 2518-2524.
5. Drug content uniformity: The drug content
uniformity test was performed to ensure the
uniform distribution of the drug throughout the
films. This test was only carried out for the
drug-loaded formulations. Samples with a 1 cm
× 1 cm area were trimmed from three random
sites in each film using scissors and dissolved
separately in beakers containing 100 ml PBS
(pH 7.4) that was heated at 40 ◦C for 25 min.
Then, the DDEA concentration in the films was
determined by measuring the absorbance of the
film relative to the blank PBS sample. The test
was repeated at least three times for each film
and the average values were calculated.
6. Moisture vapour transmission rate: The
films were cut using a 30 mm diameter circular
template. The cut films were fixed over the
brim of a 6 ml glass vial (30 mm diameter),
containing 3 g of fused calcium chloride as
desiccant. The vial was weighed and kept in
desiccators at RH of 84% controlled with
saturated solution of potassium chloride at
250C. The vial was removed from desiccators
and weighed at every 1 h interval for a period
of 48 h. The experiment was run in triplicate
and the average values were calculated.

Where W is g of water, T is number of hours of
experiment, S is exposed surface area of the
film.
7. Expansion study: The procedure for the
expansion study was adapted from previous
studies the expansion ratio was performed on a
gelatine medium to imitate wound surfaces. To
prepare the gelatine medium, 4 g of gelatine
powder was dissolved in 100 ml of distilled
water at 90oC and stirred until the clear solution
was formed. Then, 25 g of clear gelatine
solution was poured into the glass Petri dishes
and allowed to cool to room temperature (25oC)
overnight. Then, 3 cm diameter of films were
trimmed and placed on the gelatine surface. The
change in diameter at time intervals of every 1
h (Dt) for a period of 48 h was measured.
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8. Tensile strength: Tensile strength and
percentage elongation at break were evaluated
using a Universal Testing Machine. The films
under investigation were cut using dumbbell
shape template. The tensile properties of the
films were examined by stretching the
dumbbell shaped specimens (30 mm in length
and 5 mm in width) to break at a crosshead
speed of 5 mm/min. TS (Mpa) was calculated
by dividing the required maximum load (N) for
breaking film by transverse sectional area of the
film (thickness × width). Percentage elongation
at break (E %) was calculated by dividing the
initial gage length of the sample (30 mm) by
difference in the length at the moment of
rupture and multiplying by 100. At least 5
repeats were carried out for each film
formulation and the average values were
calculated
9. Morphology cross-section studies using
scanning electron microscopy: Morphology
cross-section study of films was per-formed on
a SEM at 12kV. Film samples were examined
for cross-section characteristics, which were
affixed to aluminium stubs with double-sided
cellophane adhesive tape and sputter-coated
with a layer of gold prior to imaging at
magnifications: 100× to1000×.
10. In vitro permeation studies 12: Drug
permeation studies of Diclofenac diethyl amine
liberated from dried single layer and bilayer
films were investigated using Franz diffusion
cell a clean, dried receptor cell was filled with
phosphate buffer solution (PBS) pH 7.4 and
allowed to equilibrate at 37.C. The cellulose
acetate (pore size 0.45 m) membrane was
mounted between receptor and donor
compartment. Then, film was placed above the
cellulose acetate membrane and sandwiched
between receptor and donor compartments. The
temperature of the receptor compartment was
maintained at 37oC with circulating water
jackets throughout the entire experiment.
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All openings including donor top and receptor
arm were occluded with par films to prevent
evaporation. Using a glass syringe, the volume
of 0.5 ml samples were withdrawn from the
receptor medium at regular time intervals for 48
h and receptor volume was kept constant by
replacing equal volume of fresh PBS solution
of 37oC. The samples were measured by using
UV spectrophotometer at 285nm. The
cumulative amount of Diclofenac diethyl amine
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drug diffusion was plotted against time. The
Diclofenac diethyl amine drug flux was
obtained from the steady state slope of each
plot. The average values were calculated from
Franz cell experiments.
RESULTS:
Analytical methods used in the determination of
Diclofenac diethyl amine: (Figure 1 - 3)

FIGURE 1: UV SPECTRUM OF DRUG, CALIBRATION CURVE OF DRUG IN pH 7.4 PHOSPHATE BUFFER

FIGURE 2: FT-IR SPECTRUM OF DICLOFENAC
DIETHYL AMINE

FIGURE 3: FT-IR OF SINGLE LAYER FILM (F1)
FORMULATION
&
BILAYER
FILM
(F2)
FORMULATION

Evaluation of Transdermal Films: The Drug,
polymers and the fabricated transdermal films with
combination of Sodium alginate and gelatin were
subjected to various evaluation parameters like
compatibility studies using FTIR absorption
spectra, Preparation of calibration curve, physical
properties, thickness of the patch, folding
endurance, solvent loss, Drug content uniformity,
Moisture vapour transmission rate, Expansion
study, Tensile strength, Morphology cross-section
studies, In vitro permeation studies. F1 and F4 films
are selected for further evaluation studies as they
are good in their physical appearance.
International Journal of Pharmaceutical Sciences and Research

2521

Laxmi et al., IJPSR, 2014; Vol. 5(6): 2518-2524.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

TABLE 1: PHYSICO CHEMICAL CHARACTERIZATION OF SINGLE AND BILAYER FILMS
*Physical
*Thickness
*Folding
*Solvent
*content
*Tensile
Code
appearance
(mm)
endurance
loss(g)
uniformity Strength (Mpa)
Single layer
+
0.67±0.02
No visible crack
8.48±0.51
6.4±2.0
20.80±2.29
Bilayer
+
3.10±0.0
No visible crack 36.29±0.75
2.2±0.3
26.22± 0.95

*Elongation
at break (%)
22.78 ± 3.30
58.05± 2.54

FIGURE 4: EXPANSION AND MOISTURE VAPOUR TRANSMISSION RATE OF F 1AND F4 FILMS

FIGURE 5: SEM CROSS SECTIONAL MORPHOLOGY OF BILAYER FILMS AT (a) 250x & (c) 800x aND SINGLE
LAYER FILMS AT (b) 250x & (d) 500x

FIGURE 6: DIFFERENT FORMULATED SINGLE (F 1,
F2) AND BILAYER FILMS (F3, F4)

FIGURE 7: CUMULATIVE AMOUNT OF DRUG
RELEASE FROM F1 SINGLE LAYER AND F4
BILAYER FILMS
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DISCUSSION: In the present study, bilayer
transdermal films of Diclofenac diethyl amine were
prepared by Solvent casting method using Sodium
alginate and gelatin as polymers. The films F1and
F4 were found to be having good film formation
and smooth in their appearance. The FT-IR spectral
analysis showed that there were no physical and
chemical interactions between the drug and
polymers and they were found to be compatible
with each other.
The drug content Percentage yield was in the range
6.4±2.02, 2±0.3%. A good tensile strength was
found in all the films, ranging from 20.80±2.29,
26.22±
0.95MPa.
The
Moisture
vapour
transmission rate was found to be low. This helps
the formulations to be stable and prevents them
from drying and brittle. The percentage of solvent
loss was 8.48±0.51, 36.29±0.75g which prevents
the films from drying. The cross-sectional
micrographs of bilayer and single layer films are
shown in Fig. 3.
The Diclofenac diethyl amine would expect to redissolve when in contact with solvent.
In vitro permeation studies were also performed to
compare drug release profiles from single layer and
bilayer films. Drug release profile was shown in
terms of cumulative amount over 48 h in Fig.5.The
flux of Diclofenac diethyl amine was low due to
the presence of an extra layer in bilayer film
formulations which acted as a controlling
membrane. It was proposed that lower layer plays a
part in slowed drug release from wound dressings
when they come into contact with wound exudates.
As the lower layer had fully swollen, the fluid
continued to penetrate the upper layer which
containing drug.
As a consequence, chain relaxation takes place and
the incorporated drug such as Diclofenac diethyl
amine begins to diffuse from the swollen upper
layer. It had been revealed that slow release of drug
from polymeric medicated dressings offer some
potential advantages which generally includes
prolonging the action of the active drug over longer
periods of time by allowing continual release from
such dosage form. It had been also cited that the
wound care products which release a therapeutic
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substance to a wound interface in a slow release
manner for a prolong period of time could improve
the patient compliance by reducing the problem
encountered with frequent dressing changes. Thus
the present in vitro drug release study implied that
by using the bilayer films which retain the drug for
a longer period of time thus minimise the dressing
changing frequency.
CONCLUSION: On the basis of the in vitro skin
permeation study, the formulations yielded desired
drug release by zero-order kinetics. Linear
regression analysis of the drug diffusion profile
showed that the mechanism of drug release was
following diffusion pattern. The bilayer
transdermal films we made could provide the
delivery of drug at a controlled rate across intact
skin and might be used in clinical situations. The
formulations definitely improve patient compliance
and reduce the wound dressing frequency.The
bilayer film with a low Moisture vapour
transmission rate may be useful for treating low
suppurating wounds.
The mechanically strong bilayer films which
hydrate slowly and low drug flux infer that they are
potentially better suited for slow release application
on wound surfaces.
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