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ABSTRACT 

Objective: The objective of this research work targeted to create a mechanism for transdermal drug delivery containing atenolol with natural 
polysaccharide and modified natural polymeric combinations, using solvent evaporation technique and to analyse how polymers affect the 
transdermal patches physicochemical and drug-release characteristics. 

Methods: Solvent casting method has been used to formulate transdermal film. Chia seed mucilage (CSM), Carboxymethylated chia seed mucilage, 
Hydroxypropyl methylcellulose (HPMC) and Gelatin in different combination ratios were used as the polymer. Dibutyl phthalate was chosen as a 
plasticizer. 

Results: Result showed that the thickness of all film varied from 0.0546±0.0048 to 0.073±0.0032 mm with uniformity of thickness in each 
formulation. The average moisture content is found to be ranging between 4.8±0.13 to 5.67±0.14%. All batches had drug contents varying between 
96 to 98 percent. All batches showed folding endurance grades exceeding 120. In comparison to formulation samples F1 to F4 (62.39%, 63.03%, 
41.90%, and 23.68%, respectively), formulation samples F5 and F6 showed slower cumulative drug release of 35.26% and 34.27% at 480 min. 

Conclusion: According to the study’s findings, modifying the polymer has an impact on the transdermal film’s physicochemical and drug-release 
characteristics, and formulating an efficient transdermal film requires an optimum ratio of polymer to plasticizer combination. Higher proportion of 
modified polymer and plasticizer in the formulation of transdermal film, gives lower percentage drug release from prepared film. Thus, it can be 
concluded that the increase in the ratio of plasticizer and modified CSM polymer in comparison to unmodified CSM polymer will result in retarding 
drug release rate. 
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INTRODUCTION 

Novel controlled-release drug delivery system has been applied in 
various other therapeutic areas, but treating hypertension with 
these techniques is a relatively recent development [1]. Various 
chemical-dispensing systems have been used in biotechnology, 
including those for propranolol, clonidine (the transdermal 
therapeutic system), nifedipine (the gastrointestinal therapeutic 
system), verapamil (the sodium alginate and spheroidal oral-
delivery absorption system), felodipine (the hydrophilic gel 
principle), metoprolol succinate (the multiple-unit pellet system), 
and diltiazem (one system comprising sustained-release beads and 
the other utilizing the patented Geo-matrix extended-release 
system) [2]. Antihypertensive drugs may now be taken once daily 
instead of two to four times per day through the development of oral 
drug delivery systems [3]. The delayed onset of pharmacodynamics 
action, variable or low bioavailability, increased first-pass hepatic 
metabolism, dosage dumping, prolonged toxicity, inflexibility in 
dosing, and higher price are some potential drawbacks of oral 
controlled-release drugs [4]. Reduced toxicity, improved compliance 
and convenience, stable medication levels, homogeneous drug 
impact, and lower overall dosage are a few potential benefits of 
transdermal drug delivery [5]. The transdermal delivery of atenolol 
provides another innovative approach to controlled continuous 
delivery of drugs. Selection of polymers are important for the 
formulation of TDDS [6]. Polymers have the film-forming capacity. 
When a solution of the polymer in a suitable solvent spreads on a flat 
surface and allows to evaporate, then a thin film of polymer is left 
behind. Similarly, if the drug is incorporated in polymer-solvent then 
drug molecules are dispersed in the polymer film and forms the 
drug-loaded films. Hence drug release entirely depends on polymer 
[7, 8]. Atenolol is a well-established beta-blocker, its delivery 

through transdermal systems remains limited due to challenges in 
achieving sustained and controlled drug release. The innovative 
aspect of this research lies in the use of biocompatible, naturally 
derived polysaccharides-an eco-friendly and cost-effective 
alternative to synthetic polymers-for the fabrication of the film 
matrix. This green formulation strategy not only aligns with the 
current trend of sustainable pharmaceutical development but also 
enhances the film’s safety and patient compliance. The aim of this 
study is to formulate transdermal film containing atenolol with 
naturally occurring polysaccharides using solvent evaporation 
techniques and examine drug release properties of transdermal film 
for providing better control on drug release characteristics in 
transdermal film. 

MATERIALS AND METHODS 

Atenolol API donated by Caplet India Pvt Ltd. Chia Seed purchased 
from local vendor. Acetone purchased from Merck Life Sciences Pvt 
Ltd, Mumbai, India. Sodium Hydroxide purchased from Merck Life 
Sciences Pvt Ltd, Mumbai, India. Monochloroacetic Acid purchased 
from LobaChemie Pvt Ltd. Methanol purchased from Merck Life 
Sciences Pvt Ltd, Mumbai, India. Hydroxypropyl Methyl Cellulose 
(HPMC) purchased from Finar chemical, Ahmedabad. Gelatin 
purchased from HI Media Laboratories Pvt Ltd. Potassium 
Dihydrogen Phosphate purchased from Merck Life Sciences Pvt Ltd, 
Mumbai, India. Di-Sodium Hydrogen Phosphate purchased from 
Merck Life Sciences Pvt Ltd, Mumbai, India. Potassium Bromide 
purchased from Merck Life Sciences Pvt Ltd, Mumbai, India. 
Analytical balance (Model No. BL220H, Shimazdu, Japan). FTIR 
(Model No. ALPHA II, Bruker Corporation, Germany). UV-Vis 
Spectrophotometer (Model No. UV 1800, Shimazdu, Japan). Magnetic 
Stirrer (Model No. 1MPH, Remi and Techno Makes, Mumbai, India). 
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Dissolution Test Apparatus (Model No. VDA-8D Veego, Mumbai, 
India). 

Chia seed mucilage extraction 

Chia seeds (Salvia hispanica) were brought from local herbs market 
in Kolkata, West Bengal India, weigh and soaked overnight in 
distilled water with ratio seed: water (1:30) weigh to volume. 
Subsequently the mixture was subjected to continuous stirring for 
1hour at a temperature of 80 °C for 30 min. on a hot plate. Filtration 
of the mixture is done using muslin cloth with fabric filtration 

process. Filtrate residue obtained was put on water bath for 
reduction process at 80 °C after reduction acetone was added to the 
filtrate for precipitation at (2:1) volume-to-volume ratio. The chia 
seed mucilage precipitated sample was filtered using a nylon cloth 
and air dried for 24 h and weight was recorded (shown in fig. 1-2) 
[9-12]. 

Percentage yield of chia seed mucilage-formula 

% Yield = (Dry Chia Seed Mucilage Weight ÷ Dry Seed Weight)
× 100

 

 

Fig. 1: Chia seeds (Salvia hispanica) immersed in distilled water 

 

 

Fig. 2: Extracted chia seed mucilage 

 

Modification of chia seed mucilage 

Carboxymethylation of polysaccharides 

2 g mucilage was dispersed in 4 ml water and heated to 80 °C for 15 
min. 6.71 ml cold 45% (w/v) Sodium Hydroxide solution was added 
over a period of 45 min. 3.3 ml 45% (w/v) aqueous solution of 
monochloroacetic acid was added slowly to the reaction mixture over 
a period of 1 hour at temperature between 15-18 °C. The temperature 
of the mixture was raised slowly up to 60-65 °C and it was maintained 

for another 1 hour. Wetted mass was washed with 50 ml methanol and 
filtered. Residue was further washed with 20 ml 80% (v/v) methanol.  

The mixture solution was filtered using muslin cloth and air-dried. 
The dried carboxymethylated chia seed polymer was weigh and 
recorded (fig. 3). 

Percentage yield of modified chia seed mucilage-formula [13-16]. 

%Yield = (Dry chia seed mucilage weight ÷ Dry seed weight) × 100 

 

 

Fig. 3: Carboxymethylated chia seed mucilage 
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Preparation of formulation  

Solvent casting method is used for the preparation of films. 
Polymer, API and distilled water are weighed in a fixed amount 
and put on a magnetic stirrer. Dibutyl phthalate is added into it 

forming a homogenous mixture; the mixture is poured on a petri 
dish and kept in hot air oven with circulating hot air for uniform 
drying. After the film dried the film are stored in air tight 
container away from sunlight in room temperature in desiccator 
for further use [17, 18]. 

 

Table 1: Composition of transdermal film 

Formulation CSM (g) CSM Modified (g) HPMC (g) Gelatin (g) Atenolol (mg) Plasticizer (ml) Water (ml) 
F1 0.4 0 0 0 50 0.084 8 
F2 0.4 0 0 0 50 0.158 8 
F3 0 0.4 0 0 50 0.084 8 
F4 0 0.4 0 0 50 0.158 8 
F5 0 0.6 0.3 0 50 0.28 10 
F6 0 0.6 0 0.3 50 0.28 10 

 

 

Fig. 4: Diagrammatic representation of the solvent casting method of transdermal film 

 

 

Fig. 5: Dry transdermal film of atenolol 

 

Preformulation studies 

Uv spectrophotometric analysis 

To determine absorption maxima (λmax), the accurately weighed 
quantity 10 mg of Atenolol drug sample was dissolved in 6.8 
phosphate buffer and volume make up to 100 ml with buffer in a 100 
ml volumetric flask to obtain a stock solution 10 µg/ml. 1 ml of stock 
solution was pipet out in a 25 ml volumetric flask and volume was 
made up to the mark with phosphate buffer to obtain the 
concentration 4 µg/ml. The solution was then scanned between 200-
400 nm using UV spectrophotometer (Model-1700, Shimadzu, 
Japan). The UV spectrum sample of Atenolol was recorded and 
obtained (λmax) was matched with the spectrum reported in official 
monograph [19, 20]. 

Media solution preparation 

Dissolve 28.20 g of disodium hydrogen phosphate and 11.45 g of 
potassium dihydrogen phosphate in a 1000 ml volumetric flask and 
volume makeup with sufficient amount of distilled water to produce 
1 l of 6.8 phosphate buffer [21].  

Stock solution preparation 

10 mg of Atenolol in 100 ml volumetric flask, volume is made up to 
100 ml with phosphate buffer Drug stock solution was prepared. 
The stock solution sent through serial dilution of six different 
concentrations in the range of 2-12µg/ml to prepare the standard 
curve [22]. 

Fourier transform infrared (FT-IR) spectroscopy 

The infrared spectroscopy of the pure drug sample was carried out 
to identify the drug. A pellet of drug was prepared by compressing of 
the drug with IR grade potassium bromide (KBr) by applying of 10 
metric ton of pressure in KBr press. The pellet was mounted in IR 
compartment and scanned between wavelength 4000-450 cm-1 
using FTIR spectrophotometer (Model No. ALPHA II, Bruker 
Corporation, Germany). The observed peaks corresponding to the 
various functional group were compared with the reference [23]. 

Drug polymer interaction study 

FTIR spectroscopy of dry mixture of polymers (chia seed mucilage, 
HPMC and gelatin) and API (atenolol) in a ratio of 1:1:1 is done to 
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see if any incompatibility between the API and polymers is there or 
not. Bruker FTIR alpha is used for the study [23]. 

 

 

Fig. 6: KBr pellets of transmission in infrared spectroscopy 

 

Formulation studies 

Physical appearance 

Formulated transdermal film were physically evaluated for colour, 
clarity, entrapment of any air bubble, flexibility and smoothness to 
determine patient acceptability and the therapeutic efficacy of the 
film [24, 25]. 

Thickness 

Thickness of film was measured at 6 different spots of the film with 
screw gauge and average of the measurements is taken the average 
thickness [26]. 

Weight variation 

Weight variation is studied by individually weighing 6 randomly 
selected film of same formulation and calculating the average weight 
[26]. 

Drug content 

A portion of film (about 100 mg) is dissolved in 100 ml solution of 
phosphate buffer pH 6.8 in which the drug is soluble and the 
solution is shaken continuously for 24h in the shaker incubator. 
Then the whole solution is sonicated. After sonication and 
subsequent filtration, the drug in solution is estimated in 
spectrophotometer after suitable dilution [23, 24]. 

Moisture content 

Films are weighed individually and kept in desiccators containing 
calcium chloride at room temperature for 24 h. The films are 
weighed again after a specified time interval until they show a 
constant weight [27]. 

% Moisture content = {(Initial weight − Final weight)
÷ Final weight} × 100 

Folding endurance 

It is measured by repeatedly folding the film at the same place until 
it breaks. The number of times the films could be folded at the same 
place without breaking is the folding endurance value [27]. 

Content uniformity 

For Content uniformity test 10 films are selected and the drug 
content is determined for individual film [28]. 

Surface pH 

pH of the TDDS produced was tested using a digital pH meter by 
bringing the upper layer of the drug matrix of the TDDS to contact 
with the digital pH meter bulb. Thus the pH data were recorded [29, 
30]. 

Flatness 

One strip is cut from the centre and two from each side of film. The 
length of each strip is measured and variation in length is measured 
by determining percent constriction. Zero percent constriction is 
equivalent to 100 percent flatness [29, 30]. 

% Constriction = Initial length of each strip
− Final length of each strip × 100 

In vitro drug release 

In vitro drug release study was carried out using USP dissolution 
type-II apparatus in 900 ml of phosphate buffer, pH 6.8 at 50 rpm 
and temperature was adjusted at 34±0.5 °C. The study was carried 
out for 12 h. and 5 ml samples were withdrawn at different time 
intervals and analysed for drug released to that point of time in the 
UV-VIS Spectrophotometer [31-33]. 

Determination of drug release kinetics  

The dissolution data of different transdermal formulations 
containing atenolol was recorded and cumulative percentage drug 
release was calculated at intervals of 15, 30, 60, 120, 240, 360 and 
480 min [34]. The data was fitted to different kinetic models like 
Zero zero-order model, first order model, Higuchi model, Hixson 
Crowell model and Korsmeyer-Peppas model. The𝑅² value was 
determined for each model using Microsoft excel 2007 [34, 35]. 

Light microscopic images 

The transdermal film of atenolol was seen under light microscope 
and were photographed under the light microscope and were also 
photographed under open eye [36-38]. 

SEM: Scanning electron microscopy 

Scanning electron microscopy of the transdermal film has been 
performed to study the drug distribution in comparison of the 
F6 batch of transdermal film of atenolol and blank polymer 
film [39, 40]. 

 

RESULT AND DISCUSSION 

Extraction of chia seed mucilage 

 

Table 2: Average percentage yield of extracted mucilage 

Batch number Dry seed weight (g) Dry mucilage weight (g) Yield (%) Average percentage yield 

1 64 1.759 2.748 2.914±0.368 
2 120 4.283 3.569 
3 60 1.658 2.763 
4 200 5.623 2.811 
5 74 1.985 2.682 

The extracted chia seed mucilage is found to be dark brown in colour (fig. 6,7), by using this method on average 2.914±0.368 % yield is obtained 
[11, 12]. 
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Modification of chia seed mucilage 

Table 3: Average percentage yield of carboxymethylated (modified) chia seed mucilage 

Batch number Dry mucilage weight (g) Dry modified mucilage weight (g) Yield (%) Average percentage yield 
1 2.188 1.123 51.32 68.672±22.02 
2 4.283 3.513 82.02 
3 2.661 1.034 38.85 
4 5.623 4.824 85.79 
5 2.354 2.010 85.38 

The modified chia seed mucilage is obtained using the method of carboxymethylation and found to be light brown in colour (fig. 8) with average of 
68.672±22.02% of yield value [15, 16]. 

 

Preformulation studies 

The preformulation study was performed in order to assure the 
authenticity of sample drug and determination of some parameters 
for the development of formulation preformulation studies of 
atenolol, including UV absorption maxima and identification of drug 
sample by FT-IR spectroscopy and other studies were carried out, 
the observed results were compared with the references [20]. 

UV spectrophotometric analysis 

The UV absorption maxima of drug sample was characterized. The 
drug sample was identified by UV scanning spectroscopy (Model-
1800, Shimadzu, Japan) and the maximum absorbance of drug max 
225 nm which shown in fig. 7 [19, 20]. 

Preparation of calibration curve 

Phosphate buffer 6.8 preparation 

The calibration curve of atenolol was prepared by 28.20g of 
disodium hydrogen phosphate and 11.45g of potassium 
dihydrogen phosphate dissolve in 1000 ml of distilled water. The 
absorbance value corresponding to each concentration was 
plotted on y-axis and concentration on x-axis. The regression was 
found to be 0.999 in phosphate buffer 6.8. The calibration curve 
showed the linearity between the concentration ranging from 2-12 
µg/ml analyzed by using UV spectrophotometer at a wavelength 
225 nm. Where we get (y = mx+c) slope value and r2 value 0.999 
[21, 22]. 

 

 

Fig. 7: UV Absorption spectra of atenolol and peak detection chart 

 

 

Fig. 8: Calibration curve of atenolol in phosphate buffer 6.8 at 225 nm 
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Table 4: Absorbance values of atenolol in 6.8 phosphate buffer at 225 nm 

Concentration (µg/ml) Stock solution (ml) Media solution (ml) Absorbance 
2 0.5 24.5 0.167 
4 1 24 0.224 
6 1.5 23.5 0.293 
8 2 23 0.357 
10 2.5 22.5 0.419 
12 3 22 0.493 

 

FTIR spectroscopy of atenolol 

The infrared spectroscopy of the pure drug sample (Atenolol) 
was carried out to identify the drug sample. Potassium bromide 
was used for preparing the pellets of the drug along with the 
excipients as mentioned in the composition list in the I. R 
spectroscopic scan. The pellet was mounted in IR compartment 
and scanned between wavelength 4500-450 cm-1 using FTIR 
spectrophotometer (Model No. ALPHA II Bruker Corporation, 
Germany). 

Significant peaks of API Atenolol at 1588 for C=C (conjugated); 1728 
peak for C=O; 2854 peak for C-H (bend in plane); 2921 peak for CH2; 
3173 peak for H-N; 3356 peak for –OH are significant and are 

present in curves of API thus it can be stated that there is no 
interaction occurring as shown in fig. 9 [23]. 

Drug polymer interaction study 

Active pharmaceutical ingredient and polymer compatibility using 
Fourier transform infrared spectroscopy is carried out in order to 
physicochemical compatibility between drug and polymer used in 
the formulation. Significant peaks of API Atenolol at 1588 for C=C 
(conjugated); 1728 peak for C=O; 2854 peak for C-H (bend in plane); 
2921 peak for CH2; 3173 peak for H-N; 3356 peak for –OH are 
significant and also present in physical admixture of API and 
polymer (fig. 10) thus it can be stated that there is no interaction 
occurring in the physical mixture of drug and polymer [24]. 

 

 

Fig. 9: I. R. spectrum of atenolol 

 

 

Fig. 10: I. R spectra of drug and polymer interaction study 
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Formulation studies 

Physical appearance 

When studied from both the sides the formulated films were found 
to be (table 5) clear, smooth, even and semi-transparent with light 
brown in colour with modified CSM (F3, F4, F5, F6) and rough and 
even surface with CSM polysaccharide (F1, F2)[24, 25]. 

Thickness 

The thickness of all formulations measured with screw gauge is 
tabulated in table. The thickness of the films varies from 
0.0546±0.0048 to 0.073±0.0032 mm. The thickness is increasing 
with increased in the proportion of polymer in the film; it may be 

due to the less water permeability nature of polymer and retains the 
mass of the film (table 5) [26]. 

Weight variation 

Weight of the transdermal film varies within a range of 415±35 mg 
to 446.25±12.52 mg (depicted in table), weight of the formulation 
also increases with increasing polymer ratio as in case of thickness 
(table 5) [26]. 

Drug content 

The uniformity in drug content and minimum variability from batch 
to batch is found from the results of drug content assay which 
ranging between 96 to 98% as shown in table 6 [27]. 

 

Table 5: Physical appearance, thickness and weight variation of different formulation where n=6 

Formulation number Physical appearance Thickness average±SD (mm) Weight variation average±SD (mg) 
F1 Rough and even 0.055±0.004 415±35 
F2 Rough and even 0.0588±0.009 425±63 
F3 Smooth and even 0.0546±0.0048 441.8±25 
F4 Smooth and even 0.063±0.0032 442±64 
F5 Smooth and even 0.064±0.0032 442±15 
F6 Smooth and even 0.031±0.0031 446.25±12.52 

 

Moisture content 

Moisture content is increased with the increasing concentration of 
the hydrophilic polymer, as depicted in table. The average moisture 
content is found to be ranging between 4.8±0.13 to 5.67±0.14%. Low 
moisture content of the formulation protects from bulking of 
patches and microbial contamination and helps to remain stable 
with brittle and dried film (table 6) [28]. 

Folding endurance 

Average folding endurance value was found greater than 120 in all 
transdermal film. Folding endurance is seen to be more in 
formulations with combination polymer with modification with 
40% of dibutyl phthalate as seen in F5 and F6. Folding endurance 
ensures that the concentration of plasticizer used 
(dibutylphthalate) having the capacity of making flexible patches 
(table 6) [27, 28]. 

Flatness and content uniformity 

The content uniformity is also found to be 93.162% as shown in 
table. Which is quite good as it will help the film to release the drug 
uniformly. The flatness is found to be approximately even and strip 
length of the formulation shows no difference before and after 
cutting the film and maintains the smooth surface with no 

constriction when applied to skin and hence gives good drug 
permeation (table 6) [28, 29]. 

Surface pH 

pH of the film was found to be 5.72 in average, which is an inacceptable 
range as per dosage form for dermal administration (table 6) [30]. 

In vitro drug release 

The cumulative percentage drug release when plotted against time in 
hrs it is observed that the drug release following controlled release 
pattern from the transdermal films. The fastest drug release is seen in 
F1 (62.49% at 480 min) film with low ratio of plasticizer and 
unmodified hydrophilic polymer as in case of other authors [Kulkarni 
RV et al., 2002] and the slowest is seen in F5 and F6 (35.26% and 
34.27% at 480 min) batch film containing highest ratio of plasticizer 
and modified combined polymer. So this can be stated that an increase 
in amount of plasticizer has a property of retarding the drug release 
rate and it is visible in drug release rate of F5 and F6 batch. Whereas in 
the case of unmodified polymer amount it is seen to be increasing the 
drug release rate. As unmodified polymer is more soluble in water, it 
shows more drug release compared to modified polymer. Thus, it can 
be concluded that the increase in the ratio of plasticizer and modified 
polymer in comparison to unmodified polymer will result in retarding 
drug release rate (fig. 11) [31, 32]. 

 

 

Fig. 11: Cumulative drug release of atenolol loaded transdermal film in pH 6.8 phosphate buffer, n=6 
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Table 6: Drug content, moisture content, folding endurance, surface pH, content uniformity and flatness of all formulation where n=6 

Formulation 
number 

Drug content % Moisture content Folding endurance Surface pH Content uniformity % Flatness % 

F1 96.33 4.87±0.15 121±15 5.4 85.98 96±0.58 
F2 96.57 4.98±0.54 128±32 5.72 87.63 97±0.75 
F3 97.56 5.67±0.14 150±28 5.4 91.75 98±1.27 
F4 98.24 5.57±0.12 152±54 5.8 94.58 99±0.64 
F5 98 4.8±0.13 176±62 6.0 96.65 100±1.19 
F6 98.87 4.58±0.13 180±25 6.1 96.85 100±0.99 

 

Determination of drug release kinetics 

The drug release data was fitted to different kinetic model and 
values of R² was determined and shown in following table number 7. 

From the results it was observed that the drug release following the 
Higuchi model with the highest values of R2 closest to 0.999 so it can 
be stated that the release mechanism of Atenolol from transdermal 
film followed diffusion method (fig. 12) [33, 34]. 

 

Table 7: Drug release kinetics table of R2 value 

Kinetics model F1 R² F2 R² F3 R² F4 R² F5 R² F6 R² 

Zero order 0.4095 0.4153 0.5945 0.5828 0.8664 0.8984 
First order 0.5535 0.5503 0.6697 0.6209 0.8991 0.9288 
Higuchi 0.6228 0.6473 0.8171 0.803 0.9574 0.9858 
Hixon Crowell 0.2182 0.224 0.2951 0.2922 0.4968 0.5094 
Korsmeyer Peppas 0.2723 0.2823 0.425 0.3411 0.5877 0.6566 

 

 

Fig. 12: Higuchi model of drug release kinetics of atenolol transdermal film 

 

 

Fig. 13: FTIR of film (F5, F6) 
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FTIR of film 

Significant peaks of API Atenolol at 1588 for C=C (conjugated); 1728 
peak for C=O; 2854 peak for C-H (bend in plane); 2921 peak for CH2; 
3173 peak for H-N; 3356 peak for –OH are significant and are 
present in curves of best-found film showing controlled release (F5, 
F6) [35]. 

Light microscopic images of atenolol-loaded transdermal film 

The light microscopic images of atenolol loaded transdermal film 
were captured under 40X lens shows surface texture of formulation, 
smoothness and elasticity of transdermal film. F1 image shows the 
rough uneven and stiff texture of film due to unmodified chia seed 

mucilage and low plasticizer concentration (fig. 14), F2 shows 
unstable structure with slightly smooth with unmodified chia seed 
mucilage and slight increased plasticizer (fig. 15) whereas modified 
chia seed polymer in F3 (fig. 16), F4 (fig. 17) both shows smooth and 
even surface, formulation F5 and F6 shows better smoothness, even 
texture of surface with more elastic property due to combination of 
modified chia seed mucilage polymer with HPMC and gelatin 
respectively (fig. 18, 19) [36-38]. 

Scanning electron microscopy 

The uniform drug distribution is clearly noticeable in the scanning 
electron microscopy (fig. 20), which is blank film compared to (fig. 
21) with drug (atenolol) loaded film [39, 40]. 

 

 

Fig. 14: Light microscopic image and open eye image of formulation F1 

 

 

Fig. 15: Light microscopic image and open eye image of formulation F2 

 

 

Fig. 16: Light microscopic image and open eye image of formulation F3 
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Fig. 17: Light microscopic image and open eye image of formulation F4 

 

 

Fig. 18: Light microscopic image and open eye image of formulation F5 

 

 

Fig. 19: Light microscopic image and open eye image of formulation F6 
 

 

Fig. 20: Scanning electron microscopy of transdermal film (blank i. e. without drug) 
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Fig. 21: Scanning electron microscopy of transdermal film (with drug) 

 

CONCLUSION 

The optimum extraction process was performed at a temperature of 
80 °C with a seed: water ratio of 1:30 (weight to volume). The 
maximum hydration occurred with best result at a temperature 80 
°C. The results of this study showed that the mucilage can be easily 
extracted, and the polysaccharide was chemically modified to obtain 
its carboxymethylated derivative. Results suggested that 
carboxymethylation not only affected the physicochemical 
properties of CSM, but also increased its stability of structure and 
texture of polymer and formulation of hydrogel film using extracted, 
modified and in combination with HPMC and gelatin polymer was 
successfully done and found to be having no incompatibility 
between API and excipients and ran through various 
physicochemical tests to decide the changes due to variation in 
polymer and plasticizer concentration. The drug release of the 
optimized batch F5 and F6 is 35.63 and 34.25, respectively, which is 
more than the batch F1, F2, F3, and F4 at 480 min. Comparatively, it 
can be stated that an increase in amount of plasticizer has a property 
of retarding the drug release rate and it is visible in drug release rate 
of F5 and F6 batch. Whereas in the case of unmodified CSM polymer, 
it is seen to be increasing the drug release rate. As unmodified CSM 
polymer is more soluble in water, it shows more drug release 
compared to modified polymer. Thus, it can be concluded that the 
increase in the ratio of plasticizer and modified CSM polymer in 
comparison to unmodified CSM polymer will result in retarding drug 
release rate. 
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