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___________________________________________________________________________
Abstract
The main purpose of the study was to deliver the drug in zero order kinetics by using Drug-polymer matrix
films. Film casting technique was followed to prepare Drug-polymer matrix films. All formulations were
subjected to various physiochemical evaluations like Thickness, Uniformity of weight, Swelling index, Surface
pH, Folding endurance, Drug content, in vitro drug release studies, Release rate kinetics were investigated. The
Drug-polymer matrix films were smooth and passed all the evaluation tests performed. The in vitro kinetic
treatment (Zero order and Korsemeyer’s regression value) and n values suggest that A6 was the best formulation
with desired in vitro drug release for 48 hours which suffices the objective.

Keywords: Drug-polymer matrix films, Poly-ε-caprolactone, Poly Ethylene Glycol 4000, Release kinetics.

___________________________________________________________________________
Introduction
Emergence of Control release technology has
brought the revolution in the pharmaceutical
dosage forms aided the researches to designing the
dosage form with decreased administration
frequency with better controlled release. Poly-εcaprolactone has wide application in the
biomedical field since last 3 decades. Polymerdependent factors aids Drug-polymer matrix films
towards intended delivery of drug predictable
kinetics.1-2 Glaucoma is the second leading cause of
blindness in the world, according to the World
Health Organization. Glaucoma when untreated
leads to increased Intra Ocular Pressure and
possible loss of vision.3-4 Management of glaucoma
involves chronic topical use of Anti-glaucomic
agents with an aim to achieve long term control of
Intra ocular pressure.5
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Objective
The objective of work was to formulate and
evaluate Acetazolamide Drug-polymer matrix films
produced by solvent casting technique which are
designed to achieve prolonged therapeutic effect by
improving residence time at the site of the
application. Local therapy against systemic therapy
is suggested to avoid the risk of eye damage from
high blood concentrations of the drug, which is not
intended or acceptable.6

Materials and methods
Acetazolamide was obtained as Gift Sample by
Bright Labs Hyderabad, Poly-ε-caprolactone three
grades (CAPA 6250, 6400, 6500) were obtained as
Gift sample by Non-invasive Research laboratory,
Missisippi, USA. Dichloromethane, Poly Ethylene
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Glycol 4000, Potassium dihydrogen ortho
phosphate AR, Sodium hydroxide LR were
obtained from S.D Fine Chem Ltd., Mumbai.
Dialysis Membrane was obtained from Hi Media
Laboratories Ltd., Mumbai.

minutes to remove the air bubbles. The air bubble
free solution was poured into the self-designed
glass mould 35 cm2 kept on flat surface. An
inverted funnel was placed over the glass mould to
prevent the sudden evaporation of the solvent.9 The
mould was kept for 12 hours at room temperature
for drying. After this period, the film was removed
and cutted then preserved in the dessicator until
further use.10

Drug-polymer matrix films were prepared by
film casting technology
The matrix films containing Acetazolamide were
prepared by solvent casting method by choosing
Poly-ε-caprolactone
as
film
former
and
dichloromethane as solvent.7 Accurately 44mg of
Acetazolamide was weighed and dissolved in 10 ml
of dichloromethane and kept aside for 5 minutes
for swelling of the polymer. Specified quantity of
Acetazolamide dissolved in 10 ml of Dichloro
methane solvent. Required quantity of PEG 4000
mg was added to the prepared polymeric solution
then stirred to form dispersion.8 Prepared
Acetazolamide solution was added to polymeric
solution and stirred with the magnetic stirrer 500
RPM for 10 minutes continuously. Prepared
medicated gel was allowed to stand for 10 to 15

Size Calculation of Drug-polymer matrix film11
Area of rectangle = breadth X height Film casted
area in the glass plate = 7 X 5=35cm2
Area of one circular film cutted with diameter of
0.8cm = 0.502cm2
Quantity of Acetazolamide in one Drug-polymer
matrix film = 1 mg
Therefore for 35cm2 area of rectangle = 44 mg of
acetazolamide was taken.
Number of ocuset in 35cm2area = 0.502/35=43.75
Drug-polymer matrix films12-16
Specially fabricated glass surface apparatus.

Table No. 01: Composition of Drug-polymer matrix film Formulations
S.No:

Formulation code

Acetazolamide
(mg)

1
2
3
4
5
6
7
8
9

A1
A2
A3
A4
A5
A6
A7
A8
A9

44
44
44
44
44
44
44
44
44

PEG†
4000
(mg)
264
264
264
264
264
264
264
264
264

PCL††
6250 (mg)

PCL††
6400 (mg)

PCL††
6500 (mg)

DCM†††
(ml)

396
462
528
-

396
462
528
-

396
462
528

10
10
10
10
10
10
10
10
10

†

PEG = Poly Ethylene Glycol (mg),††PCL=Poly-ε-Caprolactone (mg),
DCM=Dichloromethane (ml)

†††

Formulations A1-A9 are evaluated for Physical
Appearance and Surface Texture, Weight
uniformity, Thickness, Surface pH, Folding
Endurance, Drug content uniformity, Percentage
Moisture Absorption, Moisture content, In vitro
drug release studies and In vivo studies.
Physical Appearance and Surface Texture
Includes visual inspection of patches
evaluation of texture by feel or touch.

and

Weight uniformity
For the evaluation of patch weight, ten patches of
sizes 1.6 cm diameter from every formulation were
taken and weighed individually on electronic

balance and the average weights were calculated.
All measurements (Thickness and weight) were
determined after residual solvent has been removed
from samples by storing the films in dessicator
with anhydrous Calcium chloride at an appropriate
temperature 27±2ºC for a week prior to evaluation
and testing.
Thickness
The thickness of the film was measured at six
different points on one film using screw gauge. For
each formulation three selected films were used
and average thickness was recorded.
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Surface pH
Each patch was placed in petri plate and allowed to
swell in contact with 2 ml of phosphate buffer, pH
7.4 for 2 hours at room temperature, and the pH
was recorded with the aid of a digital pH meter.
These measurements were conducted by bringing a
glass microelectrode near the surface of the tablets
and allowing it to equilibrate for 1 min prior to
recording the readings. Experiments were
performed in triplicate and average values were
reported.
Folding Endurance
The flexibility of patches can be measured
quantitatively in terms of as folding endurance.
Folding endurance of the patches was determined by
repeatedly folding a small strip of the patch
(approximately 2x2 cm) at the same place till it
broke. The number of times patch could be folded at
the same place, without breaking gives the value of
folding endurance.
Drug content uniformity
The formulated polymeric films were assayed for
drug content in each case. Drug content was
determined the homogenization of the wafer in 100
ml of pH 7.4 phosphate buffer for 4-6 h until the
patch was completely dissolved in the solvent and
the resulting solution was filtered through
Whatmann filter paper No.1. The solution was
diluted suitably and the absorbance of the solution
was measured using UV-Vis spectrophotometer at
a wavelength of 266 nm against phosphate buffer
as blank. The experiment was performed in
triplicate and average values were reported.
Percentage Moisture Absorption
The moisture uptake studies give an indication
about the relative moisture absorption capacities of
polymers and an idea whether the formulations
maintain their integrity after absorption of
moisture. 5% w/v agar was dissolved in hot water.
It was transferred into petri plates and allowed to
solidify. Six patches from each formulation were
selected, laminated on one side with water
impermeable backing membrane. They were placed
on the agar plates, incubated at 37±1ºC, and
examined for any physical changes. At regular 1hour intervals until 6 hours, patches were removed
from the plates, excess surface water was removed
carefully using a filter paper and were reweighed.

Moisture content
The ocular patches were weighed accurately and
kept in desiccators containing anhydrous calcium
chloride. After 3 days, the patches were taken out
and weighed. The moisture content (%) was
determined by calculating the moisture loss using
the formula:

In vitro drug release studies
A diffusion system was employed to In vitro
release studies. The In vitro drug release study was
performed on Franz diffusion cell using cellulose
acetate membrane (0.45µm pore size, cut off
1000Da).17-20 The insert was placed on the donor
chamber. The receptor compartment (30 mL) was
filled with phosphate buffer, pH 7.4.
The
experiment was performed at 37±0.5°C, at a
stirring speed of 50 rpm using a magnetic stirrer. 3
ml of sample was collected from the receptor
compartment at appropriate time intervals up to 60
h and replaced with phosphate buffer pH 7.4.
Analysis was carried out using UV-Visible
Spectrophotometer at 266 nm against phosphate
buffer pH 7.4 as reference. The % cumulative drug
release was calculated and reported. Mathematical
expressions like Zero order , First order and
Higuchi model Korsemeyer –Peppas model were
applied to analyze the release mechanism from the
patches.21-24
Sterilization Studies
Sterilization of optimized film was done placing
films under UV light in UV germicidal chamber,
exposing both sides for 15 min at a 10 cm height
from UV lamp.24-31
Stability studies
The selected formulations were subjected to short
term stability testing. Films wrapped in aluminium
foil and kept in a humidity chamber maintained at
40 ± 2ºC and 75 ±5 %RH for 3 months as per ICH
guidelines.

Results and discussion
The Acetazolamide ocular films were prepared by
the method of Film casting technique employing
glass surface well as substrate by using different of
polymers such as Poly-ε-caprolactone 25,000,
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Poly-ε-caprolactone 37,000, Poly-ε-caprolactone
Fourier Transform Infrared Spectroscopy
50,000 grades, as film formers and release rate
(FTIR)
retardants and Poly Ethylene Glycol 40000 as pore
The pure drug (Acetazolamide) and polymers were
forming, solubility enhancing carrier also serves as
subjected to IR studies alone and in combination.
plasticizer
and
permeation
enhancer.
Pure drug, combination of drug-PEG4000, Pure
Dichloromethane is used as solvent. Drug polymer
drug-Poly-ε-caprolactone, and pure drug-PEG4000compatibility studies were performed by FTIR
Poly-ε-caprolactone were mixed with 100mg of
(Fourier transform infrared spectroscopy).The
potassium bromide. Through grinding in smooth
prepared Acetazolamide ocular films were
agate mortar effected mixing. The mixtures were
characterized based upon their physico chemical
then pressed in to a discs using pellet maker) and
characteristics like Physical Appearance and
placed in the sample holder of the instrument. These
Surface Texture, Thickness, Surface pH
were analysed by FTIR to study the interference of
measurement, Folding Endurance, Drug content
poly- ε -caprolactone and PEG 4000 with the drug.
uniformity, Percentage Moisture Absorption,
The FTIR diagrams are shown in figure below.
Moisture content, In vitro drug release studies,
Sterilization Studies, Stability study results found
satisfactory.
Table No. 02: Interpretation of FTIR Spectra.
IR Absorbance band (cm-1)
Interpretation
O-H Stretching
N-H Stretching
CH2 Stretching
CH3 Stretching
C=O Stretching
C=N Stretching
C-0 Stretching
S=O Stretching
C-O Stretching
C-N Stretching
C-S Stretching

Pure drug Acetazolamide

PEG 4000

Poly- ε-caprolactone

3329
2999
1625
1590
1350
1290
1250

3437
2957
-

2997
1707
1495
-

Pure drug
+
PEG4000
3329
2297
2999
1625
1634
1495
1340
1305
1243

Fig. No. 01: FTIR Spectra of Pure drug Acetazolamide
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Pure drug+
PEG4000+
Poly- ε-caprolactone
3437
3329
2997
3041
1707
1590
1411
1340
1504
1290
1240
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Fig. No. 02: FTIR Spectra of Poly- ε-caprolactone
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Fig. No. 03: FTIR Spectra of PEG 4000

Fig. No. 04: FTIR Spectra of Pure drug+PEG4000

Fig. No. 05: FTIR Spectra of Pure drug+PEG4000+ Poly- ε-caprolactone
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The FTIR spectrum of pure drug Acetazolamide
matches with that of Acetazolamide with
excipients. Hence it can be concluded that there is
no interaction of the excipients with the pure drug
used in formulations. The FTIR spectrum of pure

drug Acetazolamide matches with that of
Acetazolamide with excipients. Hence it can be
concluded that there is no interaction of the
excipients with the pure drug used in formulations.

Table No. 03: Physicochemical Evaluation of Acetazolamide Drug-polymer matrix films A1-A9
S.No

Formulation
code

Weight
uniformity*
(mg)

Average
Thickness*
(mm)

Surface
pH*

Folding
Endurance*

Drug
content
uniformity*
(%)

Percentage
Moisture
absorbed*

Percentage
Moisture
content*

Swelling
Index

1
2
3
4
5
6
7
8
9

A1
A2
A3
A4
A5
A6
A7
A8
A9

14.39±0.61
15.81±0.52
17.32±0.37
14.31±0.21
15.97±0.29
17.48±0.74
14.81±0.81
15.93±0.66
17.89±0.64

0.053±0.003
0.056±0.002
0.063±0.003
0.073±0.003
0.08±0.001
0.083±0.001
0.093±0.001
0.103±0.003
0.11±0.002

7.22±0.005
7.29±0.005
7.31±0.015
7.34±0.050
7.32±0.015
7.24±0.03
7.36±0.03
7.30±0.015
7.26±0.005

44±2
46±2
49±1
53±2
56±3
58±2
56±1
61±2
63±3

99.1 ± 0.23
98.4 ± 0.12
99.8 ± 0.12
99.6 ± 0.06
98.7 ± 0.31
98.4 ± 0.29
98.6 ± 1.12
99.1 ± 0.23
98.6 ± 1.09

1.174±0.629
1.026±0.412
1.075±0.512
1.875±0.930
1.761±0.433
1.653±0.191
1.574±0.379
1.645±0.563
1.278±0.634

3.42±0.37
3.34±0.81
3.22±0.26
3.09±0.56
3.22±0.26
2.83±0.26
2.49±0.27
2.52±0.45
2.32±0.65

113.84
118.96
123.67
113.96
118.74
122.82
113.51
118.86
122.34

* Mean±S.D, n=3
Physical appearance and surface texture of
ocular patches
These parameters were checked simply with visual
inspection of patches and by feel or touch. The
observation suggests that the patches are having
smooth surface and they are elegant enough to see.
Weight uniformity of patches
The weight was determined using digital balance.
The patches prepared with Poly-e-caprolactone and
PEG 4000 polymers with formulations codes A1A9 were weighed about 14.39±0.61 to 17.89±0.64
mg respectively. In all the cases the calculated
standard deviation values are very low suggesting
that the prepared patches were uniform in weight.
Thickness of patches
The thickness of the patch was measured using
screw gauge. The thicknesses of patches prepared
were about 0.053±0.003 to 0.110±0.002 mm
respectively. As the molecular weight of Poly-ecaprolactone increases the increased thickness was
observed. Formulation A9 had a thickness of
0.11±0.002 mm, which was highest amongst all the
formulations.
Surface pH
Considering the fact that acidic or alkaline pH may
cause irritation to the cornea and influence the rate
of hydration of the polymers, the surface pH of the
films was determined. The observed surface pH of
the formulations was found to be in the range of
7.22±0.05 to 7.36±0.03. The results are found that

there is no significant difference of surface pH in
all the formulations and the pH range lies within
the range of lacrimal fluid pH i.e.7.2 to 7.4, hence
do not cause irritation and achieve patient
compliance.
Folding endurance
The folding endurance was found to be greater than
44±2 times in case of all the formulations. This
makes the system acceptable as Drug-polymer
matrix films, indicating good mechanical strength
and elasticity. Folding endurance test results
indicated that the films would maintain the
integrity within the cul-de-sac when applied.
Drug content uniformity
The observed results of content uniformity
indicated that the drug was uniformly dispersed and
with minimum intra batch variability.
Percentage Moisture Absorption
Checking the physical stability of the film at high
humid conditions and integrity of the film at dry
conditions, the films were evaluated for the
moisture absorption, moisture uptake studies give
an indication about the relative moisture absorption
capacities of polymers. The formulations
maintained their integrity after absorption of
moisture. The formulation A4 has shown the
highest value of moisture absorption of
1.875±0.930.
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Percentage Moisture content
Percentage moisture content was found to be
between 2.52±0.45 to 3.42±0.37 for formulations
A1-A9, All the formulations maintained their
integrity.The literature survey discussed reveals the
research work done to develop ophthalmic inserts
with the hydrophillic polymers which have the
tendency of moisture absorption which can be
overcome with the usage of Poly-ε-caprolactone.
Swelling percentage
The swelling behaviour of the polymer was
reported. The formulation A9 (264 mg of PEG
4000, 528 mg of Poly-ε-Caprolactone 6500) shows
higher value of Swelling percentage 122.3 which is
due to presence of higher concentration of Poly-εCaprolactone 6500.
Sterilization Studies
The Drug-polymer matrix films were sterilized by
UV radiation.
In vitro Diffusion Studies
The in vitro diffusion studies were performed in
triplicate using Franz diffusion cell and Inserts of
known dimensions and weights were placed in a
donor compartment and the ﬂow rate of was
maintained at 0.50 ± 0.10 ml/hr over the insert with
phosphate buffer pH 7.4. The amount of drug
released was determined by collecting aliquots
from the receiving chamber at fixed time intervals.

The temperature was maintained at 35 ± 2ºC
throughout the study. Absorbance was measured by
UV spectrophotometer at 266 nm using a Double
beam UV- spectrophotometer T60 (Analytical
Technologies Ltd). Finally, the concentration
corresponding to a speciﬁc absorbance was
determined from a calibration curve. The drug
release proﬁle of Acetazolamide from inserts after
predetermined time intervals is expressed as a
percentage. The results of cumulative percentage
drug release from the formulations A1, A2, A3
were
99.11±0.96%,
89.50±2.46%
and
99.25±3.48% respectively and the results, these
formulations were able to release the drug for only
44 hrs the desired objective of two days delivery
was not achieved.
The results of cumulative percentage drug release
from the formulations A4, A5, A6 were
99.25±3.48%, 98.50±3.19% and 99.89±2.34%
respectively and the results are represented in
Figure. Formulation A4 was able to release the
drug for only 46 hrs the desired objective of two
days delivery was not achieved.A5 and A6
formulations showed a 48 hrs drug release profile
i.e for a period of two days for this reason it was
considered as the best formulations. From the
above evaluation parameters it was concluded that
the formulation A6 having the higher percentage of
drug release in a sustained manner, so the
formulation was selected as the best formulation.

Fig. No. 06: In vitro Diffusion of Drug-polymer matrix film formulations A1, A2, A3.

Fig. No. 07: In vitro Diffusion of Drug-polymer matrix film formulations A4, A5, A6
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Fig. No. 08: In vitro Diffusion of Drug-polymer matrix film formulations A7, A8, A9.
The results of cumulative percentage drug release
from the formulations A7, A8, A9 were
97.46±2.91%, 99.25±2.66% and 99.25±3.16%
respectively and the results are represented in

above figures these formulations were able to
release the drug for 52 hrs, 56hrs and 56 hrs
respectively so desired objective of two days
delivery was not achieved.

Fig. No. 09: Zero order graph of Best Drug-polymer matrix film formulation A6.

Fig. No. 10: First order graph of Best Drug-polymer matrix film formulation A6.

Fig. No. 11: Higuchi graph of Best Drug-polymer matrix film formulation A6.
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Fig. No. 12:Korsmeyer-Peppasgraph of Best Drug-polymer matrix film formulation A6.

Fig. No. 13:Hixon-Crowellgraph of Best Drug-polymer matrix film formulation A6.
Table No. 04: Release Kinetic Summary A1-A9
Formulation Code
A1
A2
A3
A4
A5
A6
A7
A8
A9

Zero order
r2
0.9809
0.9893
0.9848
0.9889
0.9923
0.9931
0.9741
0.9825
0.9541

First order
r2
0.8524
0.716
0.7849
0.7463
0.7950
0.6939
0.7217
0.8116
0.8339

Higuchi
r2
0.9647
0.9268
0.9133
0.9515
0.9538
0.9442
0.9741
0.8820
0.8185

The in vitro drug release data of Acetazolamide
Drug-polymer matrix films were processed for
regression analysis and the correlation coefficient
(R2) values obtained from the kinetic equations
indicated that the release of the drug from the all
formulations majority of formulations followed
Zero order kinetics, Higuchi release pattern with
non-erodable swelling release was followed and
obeys release rate mechanism was Korsmeyer-

Hixon-Crowell
r2
0.9531
0.070
0.8874
0.9056
0.9227
0.8897
0.8453
0.8932
0.8830

Korsmeyer-Peppas
r2
n value
0.980
0.6896
0.990
0.7683
0.916
0.9167
0.991
0.766
0.994
0.7862
0.991
0.8792
0.983
1.031
0.988
0.952
0.978
0.9866

Peppas with Non -Fickian transport obeys Super
case II transport.
Stability studies
The selected formulations were subjected to short
term stability testing. Films wrapped in aluminum
foil and kept in a humidity chamber maintained at
40 ± 2ºC and 75 ±5 %RH for 1 month as per ICH
guidelines.

Table No. 05: Data of stability studies of the formulation A6
Time(days)
30
60
90

Physical
appearance
No changes
No changes
No changes

Surface
pH*
7.2-7.4
7.2-7.4
7.2-7.4

Folding
Endurance*
48±2
46±2
44±1

* Each reading was an average of three determinations
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Drug content
uniformity*
96.83±0.043
95.35±0.071
95.08±0.044

Percentage drug released
at 48 hrs*
96.93±0.132
96.12±0.098
95.87±0.146
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Conclusion
On the basis of results of evaluation A6
formulation was found to be the best formulation.
A6 formulation has met the objective of 48 hour
release with zero order, following higuchi with
supercase II transport. It was concluded that
Acetazolamide: PEG 4000: PCL 6400 in the ratio
of 1:4:12 (Drug: Polymer) would act as a suitable
ocular drug delivery system for effective treatment
of Glaucoma.
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