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High-amylose maize starch as a novel film
former to develop oral films with excellent
mechanical properties: A preliminary
study
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Abstract

Aim: The study involved the development and optimization of the fast-dissolving oral films of salbutamol sulfate
using high-amylose maize starch (HAMS) as a novel film former by comparison with the HPMC E50 (hydroxy
propyl methyl cellulose) films. The high aqueous solubility, low dose, and low molecular weight of salbutamol
sulfate make it best suited for oral dissolving films, thereby possible to enhance patient compliance in pediatrics
and geriatrics. Materials and Methods: The HPMC E50 and HAMS films were prepared by solvent-casting
technique. The casted films were optimized using the design of experiments employing 22 factorial designs with
replicates separately. The concentration of HAMS/HPMC and crospovidone were considered as independent
variables and the responses being tensile strength (TS), percentage elongation at break, and disintegration
time. Results and Discussion: HAMS films exhibited good mechanical properties due to high TS and greater
percentage elongation than the HPMC E50 films. Both the films disintegrated within a minute with no significant
differences. X-ray diffraction studies exposed that starch with high-amylose content has a greater crystalline
domain and this may be attributed to the maximum TS of the formulated HAMS oral films. /n vitro drug dissolution
profiles of HAMS and HPMC E50 films at the end of 10 min were found to be 96.98% and 88.25%, respectively.
Conclusion: From this study, it is evident that HAMS can be utilized as the promising film-forming polymer in
the development of fast-dissolving oral films.
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INTRODUCTION attention while designing drug delivery of the particular
medicament.>® To overcome the above problem, we need to

ronchial asthmais characterizedasachronic ~  shift the conventional dosage form to oral film technology. Oral
Binﬂammatory disease of the airways films can be defined as the dosage form placed on the mouth to
which lead to difficulty in breathing, chest  release the medicament very rapidly without the need for water or
congestion, and anxiety. Bronchodilators such chewing. They are more advantageous due to the larger surface
as beta-2 sympathomimetics were commonly area and extreme vascularization of the oral mucosa resulting
employed for the treatment of bronchial asthma. in fast disintegration and also the dissolution of the oral film.!*"

The drugs undergoing first-pass hepatic metabolism are much

Asthmatic  patients = especially pediatrics and benefitted by means of bypassing it when given as oral films.

geriatrics were facing difficulty in taking
traditional dosage forms such as tablets, capsules
due to fear of choking, big size of tablet or capsule,
and unpleasant taste and smell. Aerosol systems
remain precise but unable to bring the definite dose
of the drug. Similarly, they need additional support
for handling metered dosage inhalers. There are
lots of obstacles for maintaining the stability of
the dosage form such as microbial contamination,
chemical instability which leads to low therapeutic
efficacy.! Hence, these patients require special
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HPMC solution kept
on a magnetic
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Homogenize the
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Figure 1: Preparation of HPMC E50 oral films
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The Solution contains
HAMS and NaOH kept
on a magnetic stirrer at
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results in breakdown
of starch granules

Homogenize the solution
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Figure 2: Preparation of HAMS oral films

Salbutamol sulfate is a bronchodilator, especially utilized as a
drug for treating acute and chronic bronchial asthma.[) Mostly,
it is available as an inhalational route, but it is not widely suitable
for the pediatric, geriatric population. Due to low dose, low
molecular weight, and high-water solubility, it would be suitable
for the formulation of fast-dissolving oral films (FDOFs).

The formulation of FDOFs is highly influenced by film-forming
agents. The most commonly employed film-forming agents
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= Casting of HAMS Place the homogenized
F°"“‘t:a“r;: o solution into Petri solution on water bath
plate at 90 °C for 5 mins

are hydroxypropyl methylcellulose (HPMC), hydroxypropyl
cellulose, starch, pullulan, and chitosan.” The polymer
employed in the preparation of oral films may be employed
alone or in combination to get the required properties of the
film to avoid damage during transportation.””! It should be non-
toxic, with sufficient peer, shear, and tensile strength (TS).
Plasticizer aids to expand the film flexibility and, thus, reduces
the brittle nature of the film. Glycerol and sorbitol are a few
examples of plasticizers in the preparation of oral films.




Starch is mainly composed of two components, amylose, and
amylopectin. Amylose is a linear polymer connected together
to 1,4-D-glucosidic bonds, while amylopectin has a large
molecular weight and it has branching of the 1,4 -D-linked
chains that occur to 1,6-D-glucosidic bonds. High-amylose
maize starch (HAMS) is a genetically modified starch, widely
employed in the food industry. HAMS comprises more than
70% of amylose and was procured from corn kernels using
a refinement process. Due to its high-amylose content, it can
yield strong, flexible films with good TS.®) Many studies
have been carried out to investigate the efficacy of HAMS as a
film former in the coating, alone or in combination with other
polymers such as ethyl cellulose, chitosan, and pectin.['%!!
Their findings have demonstrated that HAMS is an excellent
film-forming material as they possess greater amounts of linear
chains and form stable networks by hydrogen bond.[">"*'Hence,
the present study would involve the investigation of HAMS as
a film-forming agent in the formulation of fast-dissolving oral
films by comparing with the films made from HPMC E 50.

MATERIALS AND METHODS

Salbutamol sulfate IP was gifted by Medopharm, Bangalore,
Karnataka. HPMC E50 was procured from LobaChemie
laboratory reagents, Mumbai, India. HAMS was gifted by
Roquette Pharma Itd, Mumbai, India. Glycerin and D-sorbitol
from LobaChemie Pvt. limited, Mumbai, citric acid from
Hi-pure Chem industries, Chennai. Crospovidone (CP)
was obtained from yarrow Chem products, Mumbai, India.
Distilled water was utilized all over the experiment.

Solvent-Casting Technique!'!

Preparation of salbutamol sulfate oral film

Briefly, this technique involves, solubilizing the film-forming
agent in a solvent such as water or any volatile solvent, and also
involved in the addition of drugs, and other excipients to form
a uniform homogeneous solution. The resulting solution or
suspension is kept aside for a few minutes to remove the bubbles
and then cast on molds such as glass and polytetrafluoroethylene.
The casted solution/suspension is dried and then peeled to obtain
the film. Oral films of salbutamol sulfate were formulated by
solvent-casting technique employing HPMC E 50 and HAMS.
The composition of FDOFs of salbutamol sulfate is shown in
Table 1. The Preparation of HPMC E 50 and HAMS oral films
were presented in Figures 1 and 2 respectively.

Drug-Polymer Compatibility

Fourier-transform infrared (FTIR) study

The drug and the other excipients were recorded by the
potassium bromide (KBr) pellet method using FTIR
spectrophotometer Model 15.0'51¢ Physical mixtures of drug
and excipients were prepared as KBr pellets by compressing
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at 6 ton/nm2. The wavelength ranges were selected between
400 and 4000 cm™'.

Preliminary Screening Studies

To establish the low and high level of the independent
variables in DoE, initially, a total of 8§ trial formulations (F1
to F8) containing varying amounts of HPMC E50, HAMS, and
CP were prepared and characterized. Based on these results, the
levels of the variables were set for further optimization in DoE.

Characterization

Thickness

It is important to regulate the uniformity of thickness, because
it is directly related to the precision of the drug in the film. The
thickness was determined using a micrometer screw gauge at the
center, and edges of prepared films. All the experimental values
are carried out in triplicates and the mean value was noted.!'”’

Weight variation

Oral films of salbutamol sulfate were weighed by electronic
digital balance and the average weight of the prepared films
was taken.['%1]

Folding endurance

The oral film flexibility mainly depends on folding endurance
value. It was calculated by repeated folding of the oral film at
the same place till the film breaks. The total number of times
that the oral film is folded without breaking is calculated as
the folding endurance value.['32"

Content uniformity

Films of size 1 x 1 cm? were taken in the standard flask
and diluted appropriately with distilled water to obtain
a concentration of 10 ug/ml. The diluted solutions were
determined at 276 nm using UV-Visible spectrophotometry
and the absorbance of the solution was noted. Then, the drug
content was determined.

In Vitro Disintegration (Petri Dish Method)

The disintegration of the prepared oral films can be determined
by the Petri dish method. The formulated film was kept in
a Petri dish comprising 2 ml of saline phosphate buffer. The
time at which the film breaks or disintegrates was noted.

Surface pH

It is necessary to determine the surface pH of the oral films
to detect any irritation produced by the film in the oral cavity.
Initially, the film was kept in a Petri plate consisting of
1 ml distilled water; then, the electrode remains placed on




Table 1: Composition of fast-dissolving oral films of salbutamol sulfate

Ingredient (mg) F1 F2 F3 F4 F5 F6 F7 F8
Salbutamol sulfate 80 80 80 80 80 80 80 80
HPMC E50 350 400 450 500 - - - -
HAMS - - - - 600 800 1000 1200
Glycerol 1.5ml 1.5 ml 1.5 ml 1.5ml - - - -
Sorbitol - - - - 120 120 120 120
Citric acid 40 40 40 40 40 40 40 40
Mannitol 20 20 20 20 20 20 20 20
Crospovidone 20 30 40 50 20 30 40 50
Distilled water 30 30 30 30 30 30 30 30

the film’s surface for a time interval of 1 min, and pH was
noted.!"”!

Mechanical Property

The mechanical property was assessed using stable
microsystem testing apparatus (TA XT Texture Analyzer).
Oral formulated film of size 70 mm % 40 mm, should be free
from any air bubbles, and were placed between two clamps
positioned at a distance of 50 mm.

TS and percentage elongation at break (PE) were computed
for the estimation of the oral film.['Z TS is the extreme stress
that was applied to a particular point at which the oral film
breaks and can be determined from the following equation.?!

Tensile strength = Force at break/Initial cross-sectional area
of the sample

PE

When stress was applied to an oral film, the sample gets
stretched. It is the deformation of the film before it gets
cracked due to stress. It can be obtained by the following
equation:

Percentage elongation at break = Final length—Initial length/
Initial length % 100

In vitro Dissolution Studies

In vitro release of salbutamol sulfate oral films was
determined using USP type II dissolution apparatus (paddle).
The dissolution medium (900 ml, saline phosphate buffer
pH 6.4) was kept at 37 + 0.5°C with constant paddle rotation
at 50 rpm. The drug release of salbutamol sulfate FDOF was
determined by withdrawing the samples at regular intervals
and replenishing them with the fresh medium of a buffer that
was kept at the same temperature. Finally, the samples were
filtered through a filter paper and then the absorbance was
measured in a UV spectrophotometer at 276 nm.?"
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X-ray Diffraction (XRD) Studies

XRDs were obtained for the best FDOFs sample using X-ray
diffractometer (3 generation Empyrean, Malvern Paralytical
multipurpose diffractometer with Multicore Optics). It is
capable of a large variety of measurements from powders
to thin films on a single instrument, without much manual
intervention. X-Ray sources such as Cu Ka (A = 1.54 A) and
Mo Ko (A =0.71 A) were utilized for this study.!” The area
of the crystalline peak diffraction relative to the total area
of the diffractogram was taken as a measure of the relative
crystallinity.

Optimization Using Design of Expert (DoE)

The 2? factorial designs were employed for the optimization of
fast-dissolving oral film of salbutamol sulfate. The independent
and dependent variables of these experimental designs are
shown in Table 2. To maximize the power of the experiment
design, replicates were made, eight runs for the different
concentrations of polymer, and CP was carried out.?? The
responses were analyzed using analysis of variance (ANOVA)
and the parameters were evaluated by a polynomial equation.

RESULTS AND DISCUSSION

In the present study, solvent-casting technique were employed
due to ease of preparation and also economical. The prepared
oral films were transparent and flexible.

Drug Polymer Compatibility Study

FTIR spectroscopy study was assessed to check the
compatibility of drugs with other excipients by the potassium
bromide pellet press method. It was observed from the
spectra that there was no interference of functional groups of
the drug and excipients and the FTIR values are summarized
in Table 3. Peaks of physical mixtures of HAMS and other
excipients were shown that the symmetrical bending was
observed.'>»! Thus, it can be reported, that the drug and




physical mixtures of polymers are compatible with each
other. The spectra are presented in Figure 3.

Thickness and Weight Variation

The mean thickness of the oral films ranges from 0.138 £ 0.01
to 0.20 = 0.03 mm. It shows that all formulated oral films
have a uniform thickness; also, HAMS produces thin films
than that of HPMC E50. The thickness of fast-dissolving oral
films of salbutamol sulfate was found to be in the optimum
range, and also, it provides flexibility. The average weight
variation ranges from 118 + 0.3 to 136 + 0.2 mg and it shows
that all prepared oral films were within the limits.

Folding Endurance

Folding endurance of all formulated oral film ranges from
185 + 1.22 to 197 + 2.48 folds indicated that all FDOFs
were found to be excellent flexibility and it was established
that amount of film-forming agent increases, the folding
endurance also increases.'¥ Furthermore, the choice of

Table 2: Variables of 22 Factorial experimental
design

Code HPMC E50 HAMS

X1 Concentration of HPMC Concentration of HAMS

X2 Crospovidone Crospovidone

Y1 Tensile strength Tensile strength

Y2 Percentage elongation  Percentage elongation
at break at break

Y3 Disintegration time Disintegration time

Table 3: Report of Fourier transform infrared spectra

of physical mixtures of HPMC E 50 and HAMS
polymer

plasticizer influences the folding endurance of fast-dissolving
oral films.

Content Uniformity and Surface pH

The obtained absorbance for the drug content value was
correlated with the standard graph. The content uniformity
ranges from 91-96 + 2.14% which was in the acceptable range
of IP. Surface pH of the films ranges from 6.39-6.90 + 0.2.
As the surface pH of FDOF was close to the pH of the oral
cavity (6.5), it can be suggested that the films would not have
irritation when administered. Thus, it would be compatible
with the oral mucosa region of the buccal cavity.!"”!

In Vitro Disintegration Time

FDOFs should disintegrate within a minute for quick onset
of action. All the films exhibited rapid disintegration with
no significant differences. Faster disintegration of the oral
film was due to the addition of super disintegrate which aids
in quick penetration of water into the oral film.%) Thus, it
indicates that the prepared oral film was able to release the
medicament quickly for the enhanced onset of action thereby
increasing the patient’s compliance.

Mechanical Properties

The formulated oral film has excellent flexibility and should
bear high TS ranges from 110.12 to 375.9 N/m for HPMC E
50 and 319.5-1593.6 N/m for HAMS polymer and PE ranges
from 25.3 to 60.23% for HPMC E50 and 37.5-132.5% for
HAMS film-forming agent® and the respective constraints are
shown in Table 5. Similarly, the increase in the concentration
of film-forming agents and the superdisintegrate increases the
mechanical properties of the FDOFs. Thereby, the polymer and
superdisintegrant has a direct positive impact on the flexibility

Peak HPMCE HAMS and stretch ability of the oral films of salbutamol sulfate.[*2!
50 (cm') (cm™)
OH stretching 3525 3398 In Vitro Dissolution Studies
C - O stretching ether bond 1153 1171
C = C Stretching alkane group 1624.12 1707 All the formulated oral films were able to dissolve and release
. . : the drug at maximum in saline phosphate buffer pH 6.4 used
C-H bending aromatic benzene rin 1067 1391 . . .
I g I z N9 as a dissolution medium. HPMC E 50 oral films were showed
C-H stretching aldehyde group 344884 3433 maximum drug release of 88.5%, while HAMS films showed
e 80—
“T %7
&0 80
P 40
3 20
20
o
E?laoﬂ 3500 m ZISCK" 2000 ‘.5;00 i 1000 500 m 4000 3500 m 2500 ?QDG |56° 10.00 500

Figure 3: Fourier-transform infrared spectra of physical mixtures (a) HPMC E50 (b) HAMS
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Table 4 : Results of dependent variables of HPMC E 50 and HAMS for experimental design

RUNS X1 (Coded Value) X2 (Coded Value) TS (N/m) PE (%) DT (s)
HPMCE50 HAMS HPMC E50 HAMS HPMC E50 HAMS

1 + -1 264.65 773 25.34 37.5 55 62
2 + -1 204.1 727 37.5 92.5 52 64
3 + +1 375.9 1341.8 30.8 85.9 42 59
4 + +1 350.5 1593.6 117.5 132.5 41 58
5 * +1 127.2 441.59 60.23 82.5 53 57
6 * +1 136.14 423.56 56.2 95.4 55 58
7 * -1 127.45 350.2 53.3 55.6 61 65
8 * -1 110.12 319.5 42.5 78.2 59 62

maximum drug release of 96% at the end of 10 min. This
showed that the HAMS oral film has an improved dissolution
rate than HPMC E 50 films,?” and also, it was influenced by
the concentration of the film-forming and superdisintegrant
incorporated into the oral films and in vitro dissolution profile
graph is shown in Figure 4. All the values of preliminary
studies are described as mean = SD, as shown in Table 6.

Preliminary Screening Studies

XRD studies

XRD spectra of the HAMS powder and oral film are
compared. It can be concluded that both the diffractograms
show a similar pattern with a slight difference in intensity of
the peaks. XRD spectrum peaks are shown in Figure 5. The
study showed that the HAMS powder and the HAMS oral
films exhibited characteristic peaks of B and V polymorphs
at 17.09°, 19.60°, 22.18° (20), and 5.62°, 15.50° (26),
respectively,l'®! and the values are presented in Table 7. It
is evident from the study that starch with high-amylose
content has a greater crystalline domain and this may be
attributed to the maximum TS of the formulated HAMS oral
films. The relative crystallinity of the HAMS oral films is
slightly more than the HAMS powder and it can be due to the
recrystallization of the starch granules after gelatinization.!*®!

Validation of the Experimental Design

The prepared films necessity to be robust to avoid any
rupture during processing and administration. Furthermore,
the mechanical properties, such as TS and extensibility,
greatly influence the film’s property, and hence, they were
considered as dependent variables in DoE.[>? In turn, these
properties vary depending on the concentration of the film-
forming polymer. The results of dependent variables of
HPMC E50 and HAMS for the experimental designs were
shown in Table 4.

The responses were analyzed using ANOVA and polynomial
models which include interaction and quadratic terms. The
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Table 5: Constraints of the responses of the

experimental designs of fast-dissolving oral films of
salbutamol sulfate

Actual value

Coded value Actual value

HPMC E50 (mg) HAMS (mg)
* 300 600
+ 500 1200
-1 20 20
+1 50 50
1000 _|" HAMS powder
: | H-vn.
=] N / '-“l\
- "\-// (PR sl
z.x: g .|1|I | Best Oral film |
7000 - / u“\
~/ E
1000 k]
W, — -

Figure 4: XRD spectrum for HAMS powder and optimized
oral film

Percentage drug release (%)

0 2 4 6 8 10 12
Time (mins)

——F1 —e—F2 —aF F4 —#—F5 —e—F6 —8—F7 —e—F8

Figure 5: In vitro dissolution profile of oral films of salbutamol
sulfate using HPMC E 50 and HAMS
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Figure 6: Response surface plot of factorial variable on tensile strength (a), percentage elongation at break (b), and disintegration

time (c) for HPMC E 50

Table 6: Characterization of fast-dissolving oral films of salbutamol sulfate

Formulation Thickness (mm) Folding Weight Content Surface pH DT (s)
code endurance variation (mg) uniformity (%)

F1 0.23 +£0.03 185 +4.72 136.5+0.2 92 + 0.02 6.45 + 0.05 49.6 + 0.081
F2 0.20 = 0.02 190 + 4.35 126.5+ 0.3 94 + 0.01 6.39 + 0.02 54 +0.35
F3 0.19 £ 0.01 180 + 4.86 131.7 £0.23 91 £0.03 6.44 + 0.03 48 + 1.81
F4 0.20 £ 0.03 192 + 1.58 1352+ 0.4 93 + 0.01 6.46 + 0.05 42 + 0.23
F5 0.16 +0.03 193 + 1.52 124 + 0.1 93 +0.03 6.51+0.2 62 +0.70
F6 0.135+0.03 190 = 2.51 118 £ 0.2 94 + 0.01 6.90 + 0.3 59.3 +1.78
F7 0.142 + 0.02 187 + 2.51 128 + 0.5 95 + 0.03 6.89+£0.3 55 +0.35
F8 0.138 + 0.01 197 +4.16 118.2+ 0.3 96 + 0.3 6.49 +0.02 58.33 + 1.08
*n=3

Table 7: Report of X-ray diffraction studies of HAMS

oral powder and HAMS oral film (best formulation)

Content HAMS Powder HAMS Oral film

No. of Peaks 5 5

Area of crystalline 22544 .24 11068.08

peaks

Peak value 17.09°, 19.60°, 5.62° 15.50° (20)
22.18° (20)

Crystallinity index 39.02 40.68

model adequacy was checked by residual analysis. These
were produced for each response variable and the polynomial
equation®! for the experimental design is generally
represented as follows.

Y = BO+BIX]+BZX2+B]BZXIX2
Where Y is the dependent variable, b0 is the arithmetic mean

of'the eight runs and b1 is the coefficient for the corresponding
factor.

For HPMC E 50 Films

The polynomial equations obtained in analysis for the TS,
PE, and disintegration time which are summarized as,

TS =211.93+86.74 X1+35.39X2+28.89 X1X2
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PE =97.35-2.32 X1-9.14 X2+17.21 X1X2
DT =52.38-4.88 X1-4.63 X2-1.37 X1X2

A positive sign of the coefficient for X1 and X2 specifies
that the increase in the concentration of HPMC E 50 and CP
increases the TS which can be confirmed with its R? value
of 0.9706. The negative signs in the equations of PE and
DT denote that the increasing concentration of independent
variables might decrease the elasticity of the film and result
in faster disintegration.””’? ANOVA for 2 FI model values is
tabulated in Table 8, and ANOVA for a linear model for both
polymers is shown in Table 9. The interaction effect of the
two variables was found to be significant on the TS of the
film than PE. The above regression analysis findings were
well established by the results of ANOVA. 2FI and linear
model were found to be significant models with P < 0.05 for
TS, PE, and DT respectively. Furthermore, the lack of fit for
the linear model being not significant.?” The corresponding
response surface plots are presented in Figure 6.

For HAMS films,

The regression analysis was carried out similar to HPMC E
50 films and the polynomial equations for the responses were
as follows.

TS = 746.15+362.71X1+203.84 X2+155.01 X1X2
PE = 180.68+30.06X1-4.52 X2-20.01 X1X2
DT = 60.63-0.1250 X1-2.63X2+0.3750X1X2




Table 8: Report of analysis of variance for 2 FI model of optimized fast-dissolving oral film of salbutamol sulfate

Polymer Source Sum of squares df Mean square F-value P-value

HPMC (TS) Model 76883.87 3 25627.96 44.02 0.0016 Significant
HPMC (PE) Model 3081.19 3 1027.06 13.06 0.0156 Significant
HAMS (TS) Model 1.577 3 5.257 62.96 0.0008 Significant
HAMS (PE) Model 10594.49 3 3531.50 7.06 0.0447 Significant

Figure 7: Response surface plot of factorial variable on tensile strength (a) percentage elongation at break (b), and disintegration

time (c) for HAMS
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Figure 8: Desirability graph (HPMC E50 oral films)

The coefficient values in the equation reveal that an increase
in the concentration of HAMS has a positive effect on the
TS and PE of the films. The change in HAMS concentration
has shown the least influence on the DT of the films. DT
of the films has been influenced by the concentration of
CP. Furthermore, CP has exhibited a positive effect on the

TS of the films. The change in the amounts of HAMS and
CP has an interactive effect mainly on the TS and PE of the
film rather than DT. All these findings were well correlated
with the ANOVA results. 2F1 model was considered as the
significant model with P = 0.0008 and 0.0447 for TS and
PE, respectively. As the DT was not found to be affected by
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Figure 9: Desirability graph (HAMS oral films)

Table 9: Report of analysis of variance for linear model of optimized fast-dissolving oral films of salbutamol

sulfate

Polymer Source Sum of squares df Mean square F-value P-value
HPMC (DT) Model 376.38 3 25627.96 43.64 0.0016 Significant
HPMC (DT) Model 55.25 2 27.62 13.06 0.0067 Significant

Table 10: Desirability table for optimized fast-dissolving oral films of salbutamol sulfate

Polymer HPMC E50 CcP TS PE DT Desirability
HPMC E50 500.000 50.000 362.950 103.090 42.875 0.865
HAMS 1200.000 50.000 1467.700 186.215 58.125 0.903

the interaction of variables, so, it fits the linear model with
P = 0.0008 and lack of fit being non-significant.*” The
corresponding response surface plots are shown in Figure 7.

Desirability Graph

The desirability function is exploited to discover the
finest batch among the formulation. In both cases, a high
concentration of polymer and super disintegrate shows
optimized solution of desirability 0.865 and 0.903 for HPMC
E50 and HAMS, respectively, and it is shown in Table 10.
The desired optimum concentration of HPMC E 50 and
HAMS was formulated and assessed for thickness, folding
endurance, weight variation, uniformity of content, and
surface pH, mechanical properties such as TS, PE, in vitro

Table 11: Characterization of optimized best

formulation of fast-dissolving oral films of salbutamol
sulfate

Characterization HPMC E50 HAMS
Weight Variation 139 mg 116.5 mg
Folding Endurance 195 folds 198 Folds
Thickness 0.31 mm 0.135 mm
In vitro Disintegration 49s 55s

In vitro drug release 88.5% 96.9%
Tensile strength 352.2 N/m 1478.1 N/m
Percentage Elongation at break 114% 142%
Surface pH 6.48 6.55
Content Uniformity 92% 96%




disintegration, and in vitro dissolution studies.?>*% All the
values are within the limit and the values are tabulated in
Table 11. The desirability graph for optimized HPMC E50
and HAMS Oral films were represented in Figures 8 and 9
respectively.

CONCLUSION

FDOFs of salbutamol sulfate were formulated using HAMS
as a film-forming agent by solvent-casting technique and
compared with HPMC ES50. The study has demonstrated the
film-forming ability of HAMS, a natural, and biodegradable
polymer. HAMS films were found to have similar in vitro
disintegration, dissolution characteristics, and improved
mechanical properties as that of the HPMC E 50 films. XRD
study of the HAMS films confirmed the crystallinity of
the polymer which might have contributed to the excellent
mechanical property of the formulated HAMS oral films.
The factors influencing film formation and the optimized
film formulation were established by factorial experimental
design.

Therefore, HAMS was found to be a promising novel film-
forming polymer in the development of fast-dissolving oral
films. Further, the study can be substantiated by investigating
the role of plasticizer on the mechanical properties of the
films and the stability of the films. Thus, the oral film was a
promising tool for developing salbutamol sulfate as an oral
film, thereby enhancing patients’ compliance and fast onset
of action.
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