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ABSTRACT 

Objective: The angiotensin II receptor antagonist telmisartan (TMS) is often used to treat hypertension. The BCS class II antihypertensive drug TMS 
has a low solubility, poorly absorbed when taken orally. The goal of this study was to formulate an oral fast-dissolving film (OFDF) of TMS. In recent 
years, the concept of a rapidly dissolving dosage form as an innovative delivery system has gained popularity. By decreasing dosing frequency, 
maximize therapeutic effectiveness, bioavailability, and stability. It will also prevent the drugs from being metabolized in the first place. This 
technique allows for faster drug absorption from the gastrointestinal tract (GIT), which might result in a more rapid onset of action.  

Methods: An experimental design known as Box-Behnken was employed to optimize a OFDF. Mango kernel (100-300 mg), maltodextrin (200-350 
mg), and propylene glycol (PG) (15-30%) were chosen as independent variables with the highest preference. Included measurements of  T5 tensile 
strength, disintegration time, folding endurance, elongation, and drug release efficiency as dependent variables.  

Results: The physical properties of the films were found to be satisfactory, and Fourier transform infrared (FTIR) analysis failed to detect any drug-polymer 
interaction. F4 was found to have the greatest bioadhesive strength of 49.82 gm and the longest ex-vivo mucoadhesion duration of 189 min. A higher 
concentration of mango kernel in the formulation resulted in a greater rate of drug release. More than 60% of the drug was discharged within 10 min.  

Conclusion: The oral mucosa of a rat was used for ex-vivo for irritation studies. Based on the pharmacokinetic plasma parameters, which is made 
into quick-dissolving films that are taken by mouth, is much better absorbed than aqueous suspensions. Studies of the enhanced formulation's 
stability showed that F4 may be stored for up to three months without deterioration.  
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INTRODUCTION 

Fast-dissolving film (FDF) is a novel oral fast-dissolving dosage form 
that combines the benefits of being easy to administer and convenient 
to dissolve even when there is no water present [1]. As stated, "OFDF 
is relatively a new dosage form in which thin film is prepared using 
hydrocolloids, which rapidly dissolves on tongue or in buccal cavity" 
[2]. OFDF is a kind of film that may be used in the mouth without the 
need for a spoon. After the drug has been dissolved or disseminated in 
saliva, it may be ingested and absorbed normally. Rapid action may 
result from the absorption of certain drugs via the oral mucosa and 
into the GIT via the saliva. The drugs' bioavailability increases 
dramatically compared to when they were taken in tablet form [3]. For 
whatever reason, patients who struggle to swallow conventional 
tablets and capsules have sparked the quest for quicker-dissolving 
dosage forms, including a OFDF. People who have difficulty 
swallowing, including the elderly, kids whose internal muscles and 
central nervous systems are still developing, and traveller’s who do 
not have easy access to water and have motion sickness and diarrhoea 
[4, 5]. Long-term patients who have frequent vomiting often have 
trouble swallowing. H2 blockers cannot be used by cancer patients 
who had chemotherapy [6, 7]. Because the drug has been diluted in 
saliva of the mouth, it is absorbed before it reaches the stomach. Drug 
absorption often occurs in the stomach, throat, and oral cavity. 
Pregastric absorption increases bioavailability by avoiding first-pass 
hepatic metabolism. Drug that is absorbed mostly in the mouth and 
the initial part of the GIT may have better safety profiles because first-
pass hepatic and gastric metabolism produces less of the potentially 
hazardous metabolite [8–10]. 

A systolic blood pressure measurement of more than 140 mm Hg and a 
diastolic blood pressure measurement of more than 90 mm Hg are signs 
of hypertension [11]. Preventing the model drug's first-pass metabolism 
and accelerating the beginning of the drug's activity are the two 
objectives of OFDF preparation. Studies have shown that sublingual 

administration of TMS is preferable to oral administration of the drug 
since the latter is linked with side effects such as dry mouth, tiredness, 
and a hypotensive effect [12, 13], as well as swallowing difficulties [14]. 
Furthermore, it has been found that TMS administered sublingually is 
efficacious, easy, and safe [15, 16].  

TMS has the best pharmacokinetic profile of all angiotensin II receptor 
antagonists, maintains blood pressure decrease for more than 24 h, and 
protects high-risk individuals from cardiovascular disease (CVD) [17, 
18]. TMS is classified as a class II biopharmaceutical due to its physical 
features, which include low solubility in water and a dependence on pH 
[19]. Common strong alkalizers used in the preparation of commercial 
TMS formulations like Micardis® include sodium hydroxide, potassium 
hydroxide, and meglumine [20]. 

The preparation of pharmaceuticals has undergone a major shift in 
recent years [21]. A comprehensive knowledge of how process 
factors impact a product is achieved using the Quality by design 
(QbD) technique in pharmaceutical development [22]. The QbD 
definition provided by ICH (International Conference 
Harmonisation) Q8, quality-based development is "a systematic 
approach towards development that begins with predefined 
objectives and emphasizes product and process understanding and 
process control, based on sound science and quality risk 
management" [23]. "A dynamic product description that 
summarizes the quality characteristics expected to guarantee the 
product's performance, stability, safety, and efficiency" is the quality 
target product profile (QTPP), which is often used in the QbD 
process. The two main components of the QTPP are the critical 
quality attributes (CQAs),, and critical process parameters (CPPs). 
Characteristics that are suggestive of product quality CQAs may be 
retained, and CPPs are elements that impact CQAs. Combining CQAs 
and CPPs is ultimately makes design space explicable. It is possible 
to structure the preparation of OFDF and QTPP according to 
previously published research, considering the necessary 
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manufacturing requirements and characterization methods for 
achieving the required film characteristics. An OFDF that has been 
well prepared may be safely handled, is physically sound, and 
provides pleasant, straightforward service. Suitable organoleptic 
and mechanical features are two examples of how these 
characteristics might be interpreted into product quality [24]. 

This study's main goal was to formulate novel TMS-loaded OFDF 
that would increase drug bioavailability. In comparison to presently 
offered formulations on the market, QbD-based solubility and 
absorption improvements provide a comparable or even superior 
alternative. Additionally, a lot of emphasis is being paid to the fast 
drug onset that may be achieved via the sublingual and buccal routes 
with these TMS-loaded OFDF these days. The physicochemical 
characteristics of the optimized films were determined using 
differential scanning calorimetry (DSC) and X-ray diffraction (XRD). 
Numerous other properties of these films were also investigated, 
such as drug solubility, surface pH, folding endurance, tensile 
strength, and in vitro disintegration time. 

MATERIALS AND METHODS 

PG, citric acid, and aspartame utilized in this study were given by 
Modern Scientific Apparatus Pvt Ltd. in Hyderabad; maltodextrin 
(MDX) (dextrose equivalent 13.0-17.0) and PEG 400 were provided 
by Qualikems Fine Chem Pvt Ltd. Gattefosse India Pvt Ltd. supplied 

the mango kernel powder. Every one of the other compounds was of 
an analytical grade. 

Experimental 

Assigning of QTPP and CQA 

The QbD approach was built on the precise selection and assignment 
of the QTPP, which included the proactive summary for obtaining 
the most value from the prepared product. The QTPP is used to 
identify critical process and formulation features to produce drugs 
that incorporate TMS-containing OFDF. To improve patient 
compliance and accelerate the advantages of drug, patient-centred 
therapy puts a high priority on the safe and effective administration 
of OFDF. The CPP for OFDF must be trustworthy, repeatable, and 
able to provide a product that meets all requirements. Based on the 
probability of risk and the degree of the related influence on the 
CQAs, categorized each CPP as high, medium, or low [25]. 

Risk assessment 

To determined via risk assessment studies which critical material 
attributes (CMAs) and CPPs had the greatest impact on OFDF's 
CQAs. Fig. 1 presents an Ishikawa fishbone diagram that illustrates 
the possible high-risk elements that might impact the quality of the 
formulation. The specified features are important characteristics 
and/or factors for producing OFDF while employing TMS. 

 

 

Fig. 1: Ishikawa fish-bone diagram depicting the cause-and-effect relationship among the formulation and process variables 

 

High-performance liquid chromatography (HPLC) analysis of 
telmisartan 

TMS content was ascertained using HPLC. Hitachi, Tokyo, Japan-
made L-2130 pump, L-2420 UV-VIS detector, L-2350 column oven, 
L-2200 autosampler, and EZChromElite (version 3.1.8a) software 
made up the HPLC system. The column was a reverse-phase C18 
Inertsil (IDS-3, 5 m, 15 cm, 4.6 mm) column. The mobile phase 
consisted of 5 mmol ammonium acetate and 0.45-M membrane-
filtered methanol in distilled water (75:25). At a temperature of 25 
°C, 20 l of the sample was added to the column. At a rate of 1 
ml/min, the wavelength of the eluent was measured at 296 nm. All 
standard curves demonstrated high linearity with R2 0.999 across 
the concentration range of 0.05-100 µg/ml, and the relative 
standard deviation was less than 3.6% in all concentrations and 
periods [26]. 

Design of experiment (DoE) 

The purpose of a DoE is to measure the impact of various process 
characteristics on the efficacy of a formulation. This independent factors 
affected the dependent variables using a Box-Behnken design (BBD). The 
experiment was planned using Design-Expert 12.0.3.0 (State-Ease Inc., 
Version 12.0.3.0, Minneapolis, USA). Responses were examined in terms 
of tensile strength (mpa), folding endurance (mpa), disintegration time 
(s), elongation (%), drug release studies (Y4), and PG (%). Three 
independent variables (factors) were investigated: PG (%) (X3), 
maltodextrin (mg) (X2), and mango kernel (mg) (X1). To formulte of 
OFDF, preparatory experiments were used to choose the components 
(X1, X2, and X3) and determine their values. The many components used 
in the formulation of OFDF are shown in table 1 with the results of DoE 
experiments with well-stated dependent variables. Each batch of 
formulation underwent an independent series of experiments [27]. 

 

Table 1: Optimization variables and constrains used to TMS-OFDF using Box-Behnken design 

Parameter Low (-1) Medium (0) High (+1) 
Independent variables 
X1: Mango Kernel (mg)  100 200 300 
X2: MDX (mg)  200 275 350 
X3:PG (%) 15 22.5 30 
Dependent variables* 
Y1: Tensile Strength (Mpa) 1.26±0.36-8.96±0.51 
Y2: Disintegration Time (Sec) 15.34±1.13-46.35±1.24 
Y3: Folding Endurance (Folds) 124.7±1.62-395.6±1.46 
Y4: Elongation (%) 10.85±0.84-23.16±0.16 
Y5: % drug release T5 (min) 43.21±0.95-89.61±0.41 

*All the data are expressed as mean±standard deviation (n=3) 
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This design's efficacy was tested by creating and assessing 17 distinct 
formulations based on the same set of five "centre points". Quadratic, 
two-factor interaction (2FI), and linear models were used to fit the 
data for the dependent variable. A statistical regression analysis was 
also performed on the data obtained from each response [28]. Analysis 
of variance (ANOVA) was used to rank the models, and the top model 
was chosen. Three-dimensional graphs, contour plots, and polynomial 
equations were used to examine the parameters affected the 
formulation [29]. The polynomial equation that was developed to 
analyse various parameters affected the limitations was written as  

Y = b0+b1A+b2B+b3 C+b12AB+b13AC+b23BC+b11A2+b22B2+b33C2 

A, B, and C are factor encodings; X is the intercept; Y is the response to 
each independent constraint; b0 is the intercept; and b1 through b33 
are regression coefficients based on actual experimental results. When 
two additional parameters are held constant, the solutions for each 
parameter are shown by the coefficients b1, b2, and b3. Changes in 
reaction due to simultaneous manipulation of both variables are 
represented by interaction terms (such as b12-b23). The preliminary 
screening phase may reveal independent constraints. By maximizing 
these values over 17 distinct formulations, the DoE produced the most 
common of which had five focus points. By feeding BBD information 
on the encapsulation efficiency (EE), particle size, and cumulative drug 
release of the formulations, were able to generate predicted values, 
polynomial equations, and model graphs. The analysis of the collected 
data allowed us to investigate the effects of external constraints on our 
dependent variables [30]. 

Preparation of OFDF 

The OFDF used film production via the polymer’s mango kernel and 
maltodextrin. PG was utilized as a plasticizer since MDX 
compositions without it are brittle. The process of solvent casting 
was used to make the films. The films were made using a drug-
polymer solution of 10 ml. Polymers were dissolved in distilled 
water at the specified quantities, and the resulting solutions were 
stirred using a mechanical stirrer (Heidolph, Germany) for 2 h at a 
speed of 2000 rpm. After stirring for a further hour, the plasticizer 
was added to the mixture. At least 24 h of relaxation was required 
before using the dispersion to free out any trapped air. Each glass 
Petri dish was filled with the solution, which was then dried at 60 °C 
for two hours. After that, the completed film was dosed with DMS 
and sliced to the appropriate size. The research did not include any 
films that had cuts, air bubbles, or other defects [31]. 

Characterizations of TMS-loaded OFDF 

Measurement of tensile strength 

The mechanical quality was assessed using the model. Two clamps 
set at 3 cm apart were used to hold film strips that were a certain 
size and devoid of air bubbles or other physical flaws. The force was 
measured when the film ruptured after being compressed by the top 
clamp at a speed of 100 mm/min [32]. The tensile strength is 
calculated using the formula below:  

Tensile strength = 
Load taken to break the wire in newtons

Cross sectional area mm2
 

Drug entrapment efficiency 

To determine the film's EE, a 2 cm film was dissolved in 20 ml of pH 
6.8 simulated saliva and shaken continuously for 30 min. Drug 
concentration in the solution was determined using UV spectroscopy 
at 296 nm [33, 34]. The entrapment rate was calculated using the 
following formula:  

Entrapment Efficiency = 
Total amount of drug added−amount of drug in supernatent

Total amount of drug added
 

Disintegration time 

When a film reaches this threshold, it begins to disintegrate in water. 
To calculate how long it would take for the target film to degrade 
completely, put it in a Petri dish with 25 ml of water and it dissolve 
within 30 sec [35, 36] is the optimum disintegration time. 

Folding endurance  

Folding a piece of film repeatedly in the same spot until it broke was 
used to determine could tolerate being repeatedly folded at an angle 

of 180 °. Folding endurance films with a rating of 300 or above are 
unusual [37]. A greater value for "folding endurance" [38] indicates 
that the film has more mechanical strength. 

Surface pH  

The pH of the oral cavity's surface was measured to assess the 
patient's tolerance for receiving OFDF. In a petri plate, OFDF was 
wetted for 60 sec with 0.5 ml of sterile water. The electrode was 
then touched to a pH meter to determine the acidity (or alkalinity) of 
the OFDF. OFDF works well at a surface pH between 6.8 and 7.4 [39]. 

Swelling index  

Film swelling tests were evaluated using a saliva solution. The film was 
weighed on a digital analytical scale before being submerged in a pH 
6.8 meant to mimic saliva. This procedure needed a petri dish, a plate 
glass, and the scale. Predetermined time intervals are recorded as the 
film's weight increases until there is no longer any rise in weight [40]. 
These factors then allow one to calculate the swelling index:  

Swelling Index = 
Ws−Wd

Wd
 

ws = weight of film at time interval t (final weight), wd = weight of 
film at time 0 (initial weight). 

Film thickness 

Film thickness was typically measured using a micrometer screw 
gauge at 5 distinct spots throughout the film. Between 50-1000 mm 
is where you want to be for film thickness. The second research [41] 
agrees that a thickness of 0.3 mm or less for OFDF is still fine. 

Weight uniformity 

The weight uniformity test was carried out by weighing 20 units of 
OFDF at a size of 2 × 3 cm. The weight of the OFDF were tabulated 
and the results were expressed as the average weight±SD [42]. 

Solid state characterization 

IR spectrum study 

To investigate the potential drug-excipient interaction, FT-IR was 
performed. With an FT-IR spectrometer, were able to record the 
spectra of the pure drug, the film former, and the extruded films across 
a range of 4000 to 400 cm-1. OFDF, film formers (Mango kernel, HPMC 
E 5, PEG 400, Aspartan, and optimal film), and TMS were investigated 
using FT-IR to identify drug-excipient interaction [43, 44]. 

Differential scanning calorimetry 

The chosen optimum OFDF and its constituent solid components were 
subjected to DSC scans. Aluminum pans held the samples (3-5 mg) 
while the temperature was raised from 25 °C to 350 °C at a steady rate 
of 10 °C/minute. To obtained thermograms of the materials using DSC. 
Shimadzu TA 50I PC system and software were used to capture the 
thermal analysis data. The DSC temperature and enthalpy scale were 
calibrated using an indium standard. Nitrogen at a flow rate of 40 
ml/min was employed as the purging gas [45, 46]. 

X-ray diffraction study (XRD) 

XRD was used to analyze the crystalline behavior of the drug after it 
was developed. The crystal structures of TMS and film formers were 
determined using an XRD. The X-ray tube is a common place 40 kV 
30 mA copper tube with a hermetically sealed design. Scanning at a 
rate of 4 °/min across a range of 2 was used to capture the XRD 
patterns [47, 48]. 

Morphology using scanning electron microscope (SEM)  

The film was examined using a SEM to draw morphological findings. 
Using double-sided tape, the film was quickly attached to a metal 
rod. At 10 mA for 20 seconds, gold was deposited on the samples. At 
15 kV, 1000x magnification is used to get surface morphology, 
whereas at 5 kV, 5000x magnification is used [49]. 

In vitro dissolution study 

An in vitro dissolution profile of OFDF of TMS was determined by 
whisking 900 ml of pH 6.8 simulated salivary fluid at 50 rpm in a USP 



M. G. Devi & S. K. R. 
Int J App Pharm, Vol 16, Issue 2, 2024, 285-298 

288 

type 2 (basket device) at 37±0.5 °C for 20 min. A sample was obtained 
every 2 min, and the same amount of medium was thrown away and 
replaced with fresh medium. Using a UV spectrophotometer, the peak 
absorbance was determined to be at 296 nm. TMS pills were also 
compared to the produced formulation [50-52]. 

Ex vivo permeability study 

Goat tissues were prepared and used in drug permeability tests. 
Saliva solution (pH 6.8) was freshly prepared and placed in the 
receptor compartment of a Franz diffusion cell. The epithelial side of 
the recently removed tissue was clamped towards the donor 
compartment. All the trials of were conducted at ambient 
temperature. Each group of samples was taken 30 min apart. The 
sample volumes were discarded after each collection and refilled 
with new media. UV spectroscopy at a maximum of 296 nm was 
used to calculate the concentration of drug in the release medium. 
The release trials were performed three times for each sample and 
the average results were recorded. The drug's calibration curve in 
the pH 6.8 salivary solution was used to determine the percentage of 
drug release [53, 54].  

In vivo pharmacokinetic study 

The protocol for this research was reviewed and approved by the 
Institutional Animal Ethics Committee at Jeeva Life Sciences in Uppal, 
Hyderabad, India (Approval: CPCSEA/IAEC/JLS/011/11/22/15). 

Animal dosing and sampling scheme 

Sublingual administration of the optimal TMS-OFDF was compared 
to oral administration of the commercial tablet Telnosis® (40 mg 
TMS) in plasma samples from healthy rabbits. Fifteen rabbits were 
used, all of which were healthy and weighed between 1.25 and 2.25 
kg. After fasting for 24 h, the rabbits were euthanized with 0.1 ml of 
thiopentone (0.5 mg/ml). The dosage used was around 40 
mg/person or 2.5 mg/kg. The therapeutic dosage for humans was 
multiplied by a formula using a database of surface area ratios of 
common laboratory animals and humans to determine the dose 
administered to rabbits [55, 56]. This equation was applied:  

Dr = Dh (Wr/Wh),3/4 

where Dr is the dosage given to a rabbit, Dh is the dose given to a 
human, Wr is the weight given to a rabbit, and Wh is the weight 
given to a human [57, 58]. Random groups of rabbits (n=3) were 
assigned to receive either TMS commercial oral tablets (by stomach 
intubation), the TMS OFDF (via sublingual administration), or oral in 
pure drug solution (via oral administration). Before giving the drug 
to the rabbits, blood samples were obtained as a control. Before and 
at 0.5, 2, 4, 6, 8, 10, 12, 24, and 30 min following drug delivery, 
multiple blood samples (1-2 ml) were collected in heparinized 
vacutainer tubes. Plasma was obtained using centrifugation and 
stored in a freezer at 20 °C until analysis [59]. 

Analysis of plasma samples 

The concentration of TMS in the plasma was determined using a 
sensitive HPLC technique, as described in the literature. The precise 

concentration of TMS was calculated using HPLC. An L-2130 pump, 
L-2420 UV-VIS detector, L-2350 column oven, and L-2200 
autosampler from Hitachi, Tokyo, Japan, were used in conjunction 
with EZChromElite (version 3.1.8a) software to form the HPLC 
system. The C18 reverse-phase column manufactured by Inertsil 
(IDS-3, 5 m, 15 cm, 4.6 mm) was used. The mobile phase consisted of 
75% distilled water, 5% ammonium acetate, and 0.45% membrane-
filtered methanol. At 25 °C, 20 µl of the sample were poured into the 
column. At a flow rate of 1 ml/min, the eluent was measured at 296 
nm. The relative standard deviation was less than 3.6% across all 
concentrations and periods, indicating good linearity with R2 0.999 
from 0.05 to 100 µg/ml [26]. Three replicates of each reference 
sample were analyzed. 

Pharmacokinetics analysis 

TMS's pharmacokinetics by tracking plasma concentrations over 
time using Win Nonlin standard version 1.5. Absorption rate 
constant (Ka), half-life of absorption (t12a), elimination rate 
constant (Kel), and half-life of elimination (t2) were determined for 
plasma MT concentrations over time (AUC). It was clear that the 
Cmax and Tmax were determined. Two indicators of effectiveness 
are the time it takes to reach a maximum concentration (Cmax) and 
the maximum concentration of time (Tmax). Areas under the curve 
(AUCs) may be compared between extravascular and intravenous 
delivery to determine the absolute bioavailability of a drug. 

Statistical analysis 

Unless otherwise specified, all experiments were run in triplicate. 
GraphPad Prism 6.0 (GraphPad Software, San Diego, CA, USA) to 
perform one-way analysis of variance and two-tailed Student's t-
tests for comparisons across groups in the experiment. A P-
value>0.05 indicates there is no statistically significant difference 
between the means being compared. Significant (S) and highly 
significant (HS) deviations from the mean were defined as 
0.05>P0.01 and 0.01>P0.001, respectively, for the parameters.  

RESULTS AND DISCUSSION 

Using a QbD strategy, look at TMS-OFDF's CQAs. Priority was given to 
the formulation factors that have the greatest impact on film quality. 
As a result, know that the thickness of the film, the folding durability, 
the disintegration duration, and the drug dissolution are all critical 
quality attributes of TMS-OFDF. To determine how each independent 
variable affected the outcomes of interest, a screening method. 

Quality target product profile 

QTPP was utilized to zero down on the most crucial quality features 
and OFDF for TMS administration. Hypertension, often known as 
high blood pressure, is managed and treated by TMS-OFDF. QTPP of 
TMS includes the efficient and risk-free delivery of OFDF, which 
speeds up the onset of drug effects and increases patient adherence. 
The method used to make OFDF was stable and repeatable, 
therefore, the finished product had all the qualities required of a 
pharmaceutical-grade. The QTPP is listed in table 2, along with an 
explanation of why they were chosen [60]. 

 

Table 2: Quality target product profile (QTPP) earmarked for fast-dissolving oral film of TMS 

QTPP Target Justification 
Dosage form Oral fast-dissolving Film Similar dose forms are required in the pharmaceutical industry. 
Route of administration Oral cavity To improve drug solubility and avoid first-pass metabolism, TMS should be 

administered subcutaneously. 
Dosage Type Oral film  Improved therapeutic efficacy due to a quicker beginning of action. 
Packaging Polyethylene strip Same packaging requirements for pharmaceuticals 
Stability At least 90 d at room 

temperature 
In order for the drug's therapeutic potential to be preserved over the required 
storage time. 

Alternative routes of 
administration 

None There is no alternative delivery system. 

 

Construction of ishikawa diagram 

An Ishikawa diagram was created to help structure the risk analysis 
process of determining the major and secondary elements driving 

CQAs. To determine which characteristics of raw materials and 
manufacturing processes are most important to OFDF's quality, a 
risk analysis. Fig. 1 is an Ishikawa diagram depicting a cause-and-
effect relationship between possible parameters impacting CQAs of 
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OFDF in TMS-OFDF. Some formulation parameter concentrations, 
such as X1, X2, and X3, are important due to the considerable risk 
they pose to certain key quality characteristics in risk assessment 
studies. The Y1-Y5 is the tensile strength, the second is the 
disintegration time, the third is the folding endurance, the fourth is 
the elongation, and the fifth is the drug release research. The OFDF 
was prepared without the use of any sophisticated laboratory 
apparatus, and no complicated process parameters were observed 
to significantly affect the formulation at any stage of the studies. 
However, the concentrations of a few formulations’ characteristics 
were kept constant since they were judged to pose little to no harm. 
These were HPMC E5, PEG 400, and aspartame. 

Optimization of formulations  

Model building and statistical significance test  

The end product of every recipe was a flexible film. The response 
surface was fitted using a BBD with three independent variables, 
three levels, and five center replicates [61]. These five trials were 
included to assess the repeatability and intrinsic degree of variation 
in the method. Design-Expert software was used to assess the 
experimental design outcomes (table 3), which yields insightful 
information and makes it simpler to replicate the statistical design 
for performing experiments. 

 

Table 3: Experimental design and formulation variables of TMS-OFDF 

Std Run X1 X2 X3 Y1* Y2* Y3* Y4* Y5* 
1 17 100 200 22.5 6.59±0.53 20.13±1.02 186.2±2.35 16.52±0.13 73.51±0.29 
2 13 300 200 22.5 3.26±0.41 16.35±1.31 395.6±1.46 21.86±0.42 60.48±0.85 
3 5 100 350 22.5 5.42±0.26 21.84±1.41 283.4±2.03 19.62±0.35 64.72±0.75 
4 4 300 350 22.5 8.96±0.51 15.34±1.13 354.9±1.43 23.16±0.16 89.61±0.41 
5 8 100 275 15 1.34±0.38 46.35±1.24 124.7±1.62 10.85±0.84 43.21±0.95 
6 16 300 275 15 3.85±0.17 26.35±1.05 213.8±1.42 18.53±0.47 56.39±0.52 
7 12 100 275 30 3.02±0.42 18.93±0.95 134.4±1.09 11.86±0.23 63.25±0.31 
8 6 300 275 30 3.16±0.16 18.43±0.52 279.4±0.98 13.48±0.31 59.02±0.75 
9 9 200 200 15 2.69±0.35 37.05±0.75 167.6±3.1.2 12.96±0.24 49.86±0.62 
10 15 200 350 15 4.59±0.42 41.26±0.42 195.7±2.42 20.54±0.15 53.29±0.42 
11 11 200 200 30 2.19±0.12 23.06±0.98 186.9±1.68 16.27±0.52 56.24±0.35 
12 7 200 350 30 5.48±0.15 20.48±1.32 259.8±2.41 16.05±0.13 77.04±0.42 
13 3 200 275 22.5 1.29±0.53 21.52±1.42 157.4±1.69 17.53±0.85 76.84±0.48 
14 2 200 275 22.5 1.43±0.42 29.04±1.26 160.5±1.52 16.59±0.92 78.32±0.75 
15 1 200 275 22.5 1.26±0.36 35.62±1.42 158.2±1.74 18.52±0.42 73.26±0.49 
16 14 200 275 22.5 2.51±0.41 34.62±0.52 148.8±1.59 16.92±0.41 77.03±0.62 
17 10 200 275 22.5 3.48±0.28 29.31±0.62 139.4±1.42 14.03±0.69 75.14±0.45 
1 17 100 200 22.5 6.59±0.41 20.13±0.94 186.1±2.03 16.52±0.43 73.51±0.95 
2 13 300 200 22.5 3.26±0.39 16.35±0.85 395.5±1.42 21.86±0.75 60.48±0.43 

*All the data are expressed as mean±standard deviation (n=3) 

 

Mechanical properties 

An ideal film formulation would not be only physically robust, but 
also adaptable, simple to use, and quick to administer. A high tensile 
strength [62] explains these features. The tensile strength of 
sublingual films as a function of polymer and plasticizer 
concentrations is shown in fig. 2. According to (Supplementary table 
1) of the supporting materials, the model has statistical significance 
with a Prob>F value of 11.02. Important model words were X1, X2, 
X1X2, and X12. The F-value of 11.02 indicates that the model is 
significant statistically. Such a high F-value would only happen by 

chance 0.23% of the time. Statistical significance is assumed when a 
model term's p-value is less than 0.05. Model words B, AB, A2, and B2 
play a key role in this context. Lack of Fit and pure error both have 
F-values of 0.29, indicating that there is no statistically significant 
difference between the two. A Lack of Fit F-value as large as this one 
is 82.89% attributable to chance. With an adjusted R2 of 0.8493, we 
are within 0.2% points of our expected R2 of 0.7250. The S/N ratio is 
determined with the help of Adeq Precision. When the ratio is more 
than 4, it seems favorable. An acceptable signal-to-noise ratio of 
12.175%. More design options may be explored with this model. In 
terms of tensile strength, this is the gold standard: 

  

 

Fig. 2: Counter and Response-surface-methodology plot for the effect of formulation factors (X1, X2, and X3) on the Tensile strength (Y1) 
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Tensile strength =+1.99+0.3575A+1.22B+0.1725C+1.72AB-
0.5925AC+0.3475BC+1.58A2+2.48B2-0.7357 C2 

The tensile characteristics of MDX and mango kernel were 
compared, and it was shown that the ratio of these two polymers 
considerably (p≥0.05) altered the tensile strength of sublingual 
films. It has been shown that PG has a plasticizing impact on bio-
polymers [63]. It is generally accepted that PG acted as a lubricant 
between the polymer chains, allowing for greater molecular mobility 
[64]. However, several ratios did not show a statistically significant 
change (p>0.05). OFDF of TMS that had been produced showed a 
tensile strength between 1.26±0.36-8.96±0.51Mpa. Optimized (F4) 
formulation tensile strength is shown in fig. 2. One of the most 
important aspects of OFDF is increasing its tensile strength. The 
tensile strength characteristics of OFDF would be affected by the 
kind and quantity of plasticizer and film-forming polymer used. 
OFDF with a higher plasticizer content, has a higher tensile strength 
and greater flexibility. According to the results, the tensile strength 
increased with increasing concentrations of X1, X2, and X3. 
However, the role played by X3, which makes OFDF more elastic and 
less brittle, was considered more important. 

Effect of formulation factors on disintegration time  

F = 6.87 and p≥0.05 indicate that the model is statistically 
significant. X1 and X12 are both important here as model variables 
(p≤0.05 for both). The drug quickly dissolves into its environment 
after the first burst of disintegration. This approach does not work 
well for hydrophobic drugs. A rapid rate of disintegration is 
particularly important for DMS, a hydrophobic drug. Fig. 3 shows 

that the amount of MDX in a sample affects how long it takes to 
disintegrate. Increases in MDX concentration were shown to result 
in thicker films. Because thicker films are more resistant to water 
penetration than thinner films, those with a higher concentration of 
MDX were shown to have longer disintegration durations. The 
model is statistically significant with an F-value of 6.87. An F-value 
so high can only occur by chance 0.94% of the time. Statistical 
significance is assumed when a model term's p-value is less than 
0.05. Model terms A, C, and especially A2 are critical. There is no 
statistically significant difference between the Lack of Fit and 
randomness, as shown by the F-value of 0.14. A Lack of Fit F-value as 
large as this one is 93.13% likely to be attributable to random 
chance. Differences between the expected R2 of 0.7019 and the 
modified R2 of 0.7674 are small (less than 0.2). The S/N ratio is 
determined with the help of Adeq Precision. When the ratio is more 
than 4, it seems favorable [65]. According to (Supplementary table 
2), your signal-to-noise ratio seems to be satisfactory at 9.004.  

Disintegration Time =+30.02-3.85A+0.2913B-8.76C-
0.6800AB+4.88AC-1.70BC-7.28A2-4.33B2+4.77C2 

When it comes to fast-acting oral films, disintegration time (DT) is a 
useful indicator [66]. All of the TMS-OFDF had a DT of less than 
46.35±1.24 sec, meeting the criteria specified elsewhere. Higher 
levels of DT (Y2) were shown to be affected by all three parameters 
(X1, X2, and X3). Fig. 3 shows a scatter plot illustrating the impact of 
various factors on the disintegration time (s). The disintegration 
period of OFDF will be controlled by taking these parameters into 
account. However, films made from X1 and X3 at high 
concentrations would meet a criterion for rapid disintegration. 

 

 

Fig. 3: Effect of formulation variables (X1, X2, and X3) on disintegration time (Y2), as plotted by the counter and response surface 
methodology 

 

Effect of formulation factors on folding endurance  

The strong mechanical strength and good flexibility of all the TMS-
OFDF are on display in their folding endurance of 124.7±1.62 to 
395.6±1.46 times (no). The plasticizer and film former work 
together to give the film its pliability and strength, respectively. 
Therefore, an OFDF with ideal quality may be achieved by 
concentrating both components to the right degree. According to the 
findings, mango kernel, MDX, and PEG 400 all contribute positively 
to folding endurance. Mango kernel's ability to relax linear 
polymeric chains, maybe via the creation of hydrogen bonds, 
increases flexibility and folding durability. The study's findings 
about the relative benefits of Mango kernel, MDX, and PEG 400 for 
prolonged folding are shown in fig. 4. Below, we define the 
polynomial term for folding endurance [67]. 

Folding Endurance =+152.40+64.25A+19.63B+19.88C-
34.50AB+14.00AC+11.25BC+68.92A2+83.17B2-33.82C2 

An F-value of 93.25 indicates the model is statistically significant. 
The chance of such a high F-value occurring by chance is less than 
0.01%. Statistical significance is assumed when a model term's p-
value is less than 0.05. A, B, C, AB, AC, A2, B2, and C2 are all 
instances. With an F-value for Lack of Fit of just 2.26, it is unlikely 
that this phenomenon can be distinguished from chance. There is a 
22.38% possibility that such a large F-value for Lack of Fit is just 
coincidental. Adjusted R2 0.9811, which is consistent with Predicted 
R2 0.9120; the difference between the two is smaller than 0.2. The 
S/N ratio is determined with the help of Adeq Precision. When the 
ratio is more than 4, it seems favorable. Your signal-to-noise ratio of 
31.824 is satisfactory (Supplementary table 3). 
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Fig. 4: Counter and response-surface-methodology plot for the effect of formulation factors (X1, X2, and X3) on the folding endurance (Y3) 

 

Effect of formulation factors on elongation 

The length of a film is an essential metric for evaluation. 
Elongation increases the film's durability and the drug-absorbing 
surface area. It also has the potential to allow for a more rapid rate 
of release. The films' elongation was measured to be between 
10.85±0.84 to 23.16±0.16%. According to the derived quadratic 
model, the Tensile Strength is significantly impacted by the X1, X2, 
and X3 amounts. The predicted values were rather close to the 
actual values (fig. 5). 

Elongation =+16.72+2.27A+1.47B-0.6252C-0.4500AB-1.52AC-
1.95BC+0.3985A2+3.17B2-3.44C2 

With an F-value of 10.23, the model has high statistical support. A 
random F-value this high only happens 0.29% of the time. Statistical 
significance is assumed when a model term's p-value is less than 
0.05. Important illustrative ideas are denoted by the A, B, BC, B2, and 
C2. The Lack of Fit F-value is just 0.25, thus, it's not much different 
from just plain old mistakes. An F-value of 0.8547 for Lack of Fit is 
statistically significant. The discrepancy between the adjusted R2 of 
0.8385 and the predicted R2 of 0.7259 is small (less than 0.2). The 
S/N ratio is determined with the help of Adeq Precision. When the 
ratio is more than 4, it seems favorable. Your signal-to-noise ratio of 
12.319 is quite high. To examine how this model compares to others, 
check out (Supplementary table 4) in the Materials List. 

 

 

Fig. 5: Counter and response-surface-methodology plot for the effect of formulation factors (X1, X2, and X3) on the elongation (Y4) 

 

Effect of formulation factors on dissolution  

Fig. 6 shows the relatively consistent drug release profile across all 
formulations. The drug release from each formulation was greater 
than the disintegration values, with 90% being released within 15 
min. The poor solubility of DMS in water is likely responsible for the 
observed release profile. Microparticles of the drug are 
disseminated throughout the water-soluble polysaccharide film 

matrix in rapidly dissolving films. Thus, DMS particle dissolution in a 
dissolution medium may coincide with film dissolution [68]. It was 
determined that mouth-dissolving films had a cumulative drug 
release in 5 min of 43.21±0.95 to 89.61±0.41%. The produced 
quadratic model showed that the Cumulative drug is significantly 
affected by the amounts of Mango kernel, Maltodextrin, and PG. As 
should be expected, there was a fair amount of concordance 
between the theoretical (predicted) values and the actual ones. With 
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an F-value of 75.63, it can be concluded that the mathematical model 
developed for the drug release in 5 min (Y5) is significant 
(Supplementary table 5).  

Drug release studies =+76.12+2.60A+5.57B+6.60C+9.48AB-
4.35AC+4.34BC-3.84A2-0.1990B2-16.81C2 

Optimization by desirability function 

A perturbation and desirability function optimization method was 
used to get the best results for each of the three possible responses. 
Tensile strength (Y1), disintegration time (Y2), folding endurance 
(Y3), elongation (Y4), and cumulative drug released in 5 min (Y5) 
responses were transformed into a disturbance and attraction scale. It 
was necessary to enhance Y1, while minimizing Y3, Y4, and Y5. The 

highest objective function (D) for each answer was determined by 
taking the maximum and minimum Y values, respectively. The Design-
Expert program then performed a thorough grid search and feasibility 
search over the domain to get the global desirability value, which was 
the geometric mean of the individual desirability functions. At X1:300, 
X2:350, and X: 22.5, the highest values of the functions were found, 
respectively. Three batches of formulations were generated under the 
optimal composition, and the three responses were examined for each 
formulation to verify the model's capability for prediction. Since the 
anticipated and observed outcomes were in close agreement, the 
model was shown to be valid. The central composite design paired 
with a desirability function for evaluating and optimizing mouth-
dissolving film compositions was successful, as the experimental 
values were extremely near to the anticipated values. 

 

 

Fig. 6: Counter and response-surface-methodology plot for the effect of formulation factors (X1, X2, and X3) on the dissolution (Y5) 

 

Two batches were chosen to test the disintegration time, thickness, 
and folding durability of using the overlay plot as a guide. Methods 
include measuring the drug's release over time, the tablet's tensile 
strength, its disintegration time, its folding endurance, its 
elongation, and its cumulative release. Tensile strengths of 
8.96±0.02 and 7.85±0.05Mpa are shown for the F4 and F13 
formulations, respectively, in fig. 7. With formula F4, disintegration 
happened in 15.34±1.24 seconds, but with formula F13, it took 

16.35±2.46 seconds. The F4 formulation scored 354±2.41 on the 
folding endurance test, whereas the F13 variation scored 335±2.05. 
Extinction rates of 23.16±0.13 and 21.86±0.42% were calculated for 
Formulations F4 and F13, respectively. Results showed that F4's 
cumulative drug release was 89.61±0.48%, whereas F13 was only 
79.48±1.48%. The results of tensile strength, disintegration time, 
folding endurance, elongation, and cumulative drug release tests on 
different batches are shown in table 4. 

 

 

Fig. 7: Perturbation plots of dependent factors and overlay plot of optimized formulation 
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Table 4: Optimized values obtained by the constraints applies on Y1, Y2, Y3, Y4 and Y5 

Variables Optimum composition Response Observed value of response* Predicted value of response Percentage error 
X1 (mg) 300 Y1 8.96±0.02 9.334 1.04 
X2 (mg) 350 Y2 15.34±1.24 13.691 0.892 
X3 (%) 22.5 Y3 354±2.41 357.858 1.010 
  Y4 23.16±0.13 23.160 1 
  Y5 89.61±0.48 90.207 1.006 

*All the data are expressed as mean±standard deviation (n=3) 

 

Pharmaceutical evaluation of films  

There was a total of seventeen batches of Telmisartan-containing 
fast-dissolving oral thin films made. Mechanical and organoleptic 
qualities, including film thickness, dryness, tensile strength, folding 
durability, transparency, surface roughness, disintegration time, 
drug content, and surface pH, were analyzed for fast-dissolving films 
for oral administration. 

Physical appearance/Texture 

The films are glossy and clear, with a chic pink hue. The organoleptic 
properties of telmisartan films were evaluated, including their 
description, appearance, and Odor. Table 5 shows that it is transparent, 
odorless, and free of any floating particles or air bubbles. 

Determination of weight variation 

Studies on the weight fluctuation of each film guarantee that each 
patient receives the same dose of drug without any noticeable 
variations. Extreme variations in weight point to subpar quality 

control and nonuniform drug content throughout production. As 
non-uniform drug content would result in variable therapeutic 
impact, weight variation is a crucial component in determining 
therapeutic effectiveness. The film's density was determined using 
an electronic balance. We took three 2x2 cm samples of each 
formulation and weighed them on an analytical scale to determine 
their unique weights. Table 5 displays the results of a uniformity test 
conducted on drug-loaded films of 2 cm2 in size. The Effect of 
Fasting on Body Mass Index, The dissolving efficiency of films, was 
measured using the method outlined in the Section. The mass of 
mouth films that dissolve quickly ranges from 10.03±1.25 to 
28.69±4.31. You can see the final weighted results in table 5. The 
concentration of the polymer has a linear effect on the mass of the 
substance. The film's steady rises in weight indicate that its many 
parts are being distributed uniformly. 

Transparency 

When placed in front of a black backdrop, it was discovered that all 
telmisartan OFDFs were completely see-through. 

 

Table 5: Parameters used to assess oral rapid dissolving films containing telmisartan 

F. No Adhesiveness Film clarity Surface appearance Drug content (%) Weight (mg) Av. pH±SD 
1 Non-adhesive Homogenous Transparent 97.01±1.25 19.34±0.25 6.75±0.2 
2 Non-adhesive Homogenous Transparent 98.36±0.96 18.52±0.13 7.03±0.1 
3 Non-adhesive Homogenous Transparent 98.01±0.35 16.37±0.46 6.91±0.3 
4 Non-adhesive Homogenous Transparent 99.87±1.24 23.03±1.25 6.82±0.1 
5 Non-adhesive Homogenous Transparent 99.02±0.38 18.64±0.34 6.98±0.5 
6 Non-adhesive Homogenous Transparent 98.63±0.75 15.34±1.10 6.94±0.4 
7 Non-adhesive Homogenous Transparent 97.94±0.62 18.85±0.12 6.67±0.2 
8 Non-adhesive Homogenous Transparent 98.31±0.15 16.32±2.34 6.79±0.2 
9 Non-adhesive Homogenous Transparent 97.34±0.27 20.87±2.51 6.85±0.1 
10 Non-adhesive Homogenous Transparent 98.15±1.03 24.31±0.36 7.01±0.4 
11 Non-adhesive Homogenous Transparent 97.32±1.02 28.69±4.31 6.98±0.3 
12 Non-adhesive Homogenous Transparent 98.34±1.13 17.01±2.18 7.06±0.1 
13 Non-adhesive Homogenous Transparent 99.08±1.24 22.08±0.07 6.82±0.2 
14 Non-adhesive Homogenous Transparent 97.34±0.49 20.39±0.54 6.79±0.2 
15 Non-adhesive Homogenous Transparent 98.73±0.56 18.04±0.37 7.01±0.1 
16 Non-adhesive Homogenous Transparent 97.82±0.38 18.38±0.85 7.35±0.4 
17 Non-adhesive Homogenous Transparent 99.03±0.35 19.69±0.82 7.12±0.2 

*All the data are expressed as mean±standard deviation (n=3) 
 

Determination of drug content 

Ten separate films were used to find out how to achieve content 
homogeneity. The film was 2 cm2 in size and was stored in a 100 ml 
volumetric flask. This was placed in a mechanical shaker and agitated 
until it dissolved, after which it was filtered to remove any remaining 
solids. After proper dilution, the drug was detected spectroscopically at 
296 nm. For F1-F17. Oral quick-dissolving films' drug content was 
determined using the prescribed procedure. Oral rapid dissolving films 
were determined to have a drug concentration that was within the 
allowable range of values specified by IP, falling between 97.01±1.25 and 
99.87±1.24. Table 5 displays the results of the drug content analysis. The 
amount of drug remaining in the film decreases with increasing film 
concentration and breakdown time. This measure provides useful 
context for the quantity of drug use shown in the picture. 

Surface pH 

Since the film will be dissolved in the mouth, its surface pH should 
be 6.8, the same as saliva, to prevent any irritation. Telmisartan's 

pH, determined in triplicate for each sample, ranged from 6.65 to 
7.35, with an average of about pH 6.80; this was within the optimal 
range for use in the mouth. The approach was used to determine the 
surface pH of an orally dissolvable telmisartan film. The pH of the 
film's surface, which may be dissolved in the mouth, was determined 
to be between 6.67±0.2 and 7.35±0.4. (Supplementary table 6) 
displays the surface pH findings. 

Thickness 

Mango kernel, MDX, and PG were used to create a series of 
telmisartan oral film-dissolving films (OFDFs) with a thickness 
between 0.119±0.01 mm and 0.348±0.03 mm (formulations F1 
through F17). Based on the measured thickness, it was found that a 
higher concentration of the film former resulted in a thicker film. 
Therefore, film thickness was proportional to the amount of film 
formers used. Oral quick dissolving film thickness was assessed 
using the established procedure. Oral quick-dissolving films were 
measured to have a thickness between 0.119±0.01 and 0.348±0.03. 
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The findings for the thickness may be shown in (Supplementary 
table 6) of the supplier catalogue. The greater the concentration of 
the polymer, the thicker the film. The thickness of the film is an 
important sign of how uniformly the drug was distributed. 

Moisture loss and moisture uptake 

The %moisture loss was determined after assessing the OFDFs that 
were developed. The % moisture loss in telmisartan films decreased 
from 8.240.13 to 3.63±0.34 when the polymer content changed. 
Studies on the polymer's ability to absorb water showed that as the 
polymer's concentration rose, so did its hydrophilicity (as shown in 
table 6 of the supplementary). This suggests that the polymer's 
increased hydrophilicity corresponds with its increased viscosity [69]. 

Solid state characterizations 

Fourier transform infrared spectroscopic (FT-IR) analysis 

C-N stretching vibrations at 1350-1100 cm-1, CH3 bending 
vibrations at 1455-1381 cm-1, the C-C aromatic band and stretching 
at 1599 cm-1, the C-H bending vibrations at 1460-1495 cm-1, and 
the C=O stretching vibrations at 1695 cm-1 were all detected as 
typical peaks in the infrared spectra of telmisartan. Both OH 
stretching (3300 cm-1) and OH bending (in-plane) modes (1635 cm-
1) contribute to the two absorption bands seen in MDX spectra. The 
stretching band of CH absorption was measured to be at 2900 cm-1. 
The peaks in the PEG 400 spectra at 1145 and 962 cm-1 result from 
C-O stretching. Sorbitol spectra showed major absorption bands at 
890, 1046, 1084, and 1411 cm-1. Pure Telmisartan FTIR spectra 
showed peaks at wavenumbers (cm-1) associated with the drug's 
functional groups. Telmisartan's ATR spectrum by itself. There was 
no interaction with the excipients since the free acid carbonyl peak 
of pure telmisartan, at 1692.14 cm-1`, was preserved in the solid 
dispersion. B-Cyclodextrin and HPMC were also shown to be 
effective in the solid dispersion-based formulation of mouth-
dissolving films (supplementary fig. 1). Certain functional groups 
were detected as distinctive peaks in the FTIR spectra of 
telmisartan. Telmisartan is easily distinguished from other drugs 
because its ATR spectrum is unique. 

Differential scanning calorimetry (DSC) 

A temperature-induced phase transition causes telmisartan to melt 
at 78 °C, as seen by a sharp endothermic peak at this temperature. 
The phase shift occurred between 267 and 272 degrees Celsius. 
Mango kernel and telmisartan were shown to be physically 
compatible because the endotherm of telmisartan was properly 
preserved in its combination with mango kernel, MDX, and PG. Pure 
telmisartan's thermogram displays a distinct endothermic peak at 
its melting point of 269.68 degrees Celsius. This proves that the 
telmisartan is 100% pure and crystalline, as seen in Supplementary 
fig. 2. There was no evidence of interaction between telmisartan and 
excipients in thermo-grams of physical mixes of the drug and 
excipients (1:1). The drug's endothermic peak was only slightly 
shifted to a lower temperature or broadened in the improved 
formulation. It has been noted that the peak shape and enthalpy are 
affected by the amount of material utilized, particularly in drug-
excipient mixes. Therefore, the combination of drug and excipient, 
which influences the purity of each component in the mixture, may 
account for these little variations in the melting endotherm of the 
drug, and may not necessarily signal possible incompatibility. 

Powder X-ray diffractometry 

Supplementary fig. 3 displays X-ray powder diffractograms for 
telmisartan, mango kernel, MDX, and the telmisartan-optimized 
formulation F4. Telmisartan was shown to be crystalline based on its 
powder X-ray diffractograms, which revealed strong peaks at 
diffraction angles between 13.74° and 37.8°. Within the diffraction 
angle range of 13.47° to 27.06°, the improved ezetimibe film showed 
a decrease in peak intensity (supplementary fig 3). The drug 
ezetimibe was transformed to an amorphous state after being 
formulated as a film with PG, as shown by a drastic decrease in the 
peak intensity in formulation F4. No distinct peaks can be seen in the 
pXRD data for the physical combination or the placebo film. 

In vitro dissolution studies 

The findings of an in vitro drug release investigation utilizing fast-
dissolving oral films containing telmisartan in both phosphate buffer 
(pH 6.8) and 0.1 N HCl solutions are shown in fig. 4 of the 
supplementary material. For the in vitro drug release study, we 
employed Franz diffusion cells with a dialysis membrane. There is a 
giving part and a receiving part. In the receptor area, 20 ml of 
phosphate buffer solution served as the diffusion medium. The 
resulting film was transferred to the receptor compartment, where 
magnetic beads rotated at a constant rate of 50 rpm while keeping 
the medium at 37.1 degrees Celsius. Using a JASCO V 530 
spectrophotometer, 1 ml of receptor fluid was taken out at regular 
intervals and replaced with 1 ml of phosphate buffer solution before 
being analysed at 296 nm. Permitted total drug use over time was 
computed and graphed. The formulation's drug-release rate 
improved as mango kernel content rose. More than 60% of the drug 
was released after 10 min, across all batches (at pH 6.8). The 
creation of a complex from which drug releases more quickly at pH 
6.8 might account for the variation in drug release across mediums 
(supplementary fig 4). These findings further demonstrated that the 
film formulation successfully concealed the bitter telmisartan flavor 
in the oral cavity [70]. 

Ex vivo drug permeation studies 

Rat oral mucosa drug penetration experiments using optimum film 
and pure drug solution. When tested on rat oral mucosa, both 
optimized films (F4) and drug solution decomposed more slowly 
than in PBS solution, taking 15 and 8 min, respectively. You can see 
the increased penetration of Telmisartan-OFDFs (92.34%) and 
telmisartan (16.54%) over 30 min in the film with the improved 
formulation incorporating mango kernel in fig. Films on the oral 
mucosa did not disperse entirely after 3 h. (supplementary fig 5) 
depicts a potential new structure for mucoadhesive rapid dissolving 
films, Formulation F4, which may improve drug absorption via the 
oral mucosa [71]. 

Ex-vivo muco irritation by histological examination  

Involvement of pain and inflammation is optional in the definition of 
irritation. The mucosal membrane is easily irritated because it 
contains glands that produce mucus, which is sticky and so attracts 
allergens. Before creating an oral drug delivery system, it is necessary 
to undertake oral mucosal irritation tests to assess the feasibility of 
this route for improved administration of the chosen drug. Oral quick-
dissolving films may be harmful; thus, researchers are looking into 
that possibility using in vitro and/or in vivo testing procedures. 

  

 

Fig. 8: Sections from rats treated with optimized oral fast-dissolving films (F4), rats treated with plain pure drug solution (a), and rats 
treated with the control group (b) at 100x magnification 
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Histological analysis was undertaken to determine the severity of 
the pathological alterations in tissue shape and organization brought 
on using bucco adhesive film. Fast-dissolving film should be 
harmless to the oral mucosa, with no side effects like those seen 
with controlled oral mucosa (redness, no irritation, no ulcers). Ex-
vivo muco irritation was studied using eosin stain in this research, 
with the improved F4 formulation. Eosin is a luminous acidic 
molecule that stains dark red or pink when it attaches to positively 
charged components including proteins, collagen, and muscle fibers. 
Red blood cells are also strongly stained by eosin. This dye is the 
gold standard for histological research. The oral mucosa from a live 
sheep was used to conduct ex-vivo muco irritation. Fig. 8 displays 
the outcomes in comparison to untreated oral mucosa [72]. 

Pharmacokinetic studies 

A validated HPLC method, developed in-house, was used to 
accurately measure telmisartan levels in the blood of rats. 
Supplementary table 7 summarizes the pharmacokinetic data, and 
fig. displays a plot of plasma concentrations vs time. The lowest 
mean Telmisartan plasma concentrations were seen after dosing 

with the aqueous solutions [73]. When compared to the AUC 
determined for the aqueous Telmisartan solution, the AUC was 30 
times higher when Telmisartan was supplied as the oral rapid 
dissolving films. In comparison to the Cmax achieved with the same 
dosage of Telmisartan taken as an aqueous solution, the Cmax 
obtained with the optimized oral rapid dissolving films was 29.02-
fold greater at 4.586 g/ml. Oral rapid dissolving films have the 
potential to have a larger Cmax without changing the Tmax (fig. 9) 
since the Tmax (35 min) after dosing was the same as that achieved 
inside aqueous solutions (35 min). These findings demonstrate that 
the oral fast-dissolving film formulation of Telmisartan significantly 
improves absorption compared to the aqueous suspensions [74]. 

Stability studies  

Telmisartan oral rapid dissolving films' stability was investigated in 
this research. Three-month stability tests were conducted at 25±5 
°C, 40±50C, and 75% RH. samples were tested for disintegration 
time, tensile strength, folding endurance, and in vitro dissolution at 0 
d, 1 mo, and 3 mo. Table 6 displays the findings from the stability 
tests [75]. 

 

 

Fig. 9: Comparison of the pharmacokinetics of Telmisartan after oral administration of the oral quick dissolving film and the dosage 
aqueous solution 

 

Table 6: Stability study of optimized oral fast dissolving films 

Time Physical appearance Tensile strength Folding endurance  Disintegration time  In vitro dissolution 
Initial  Transparent 8.96±0.02 354±2.41 15.34±1.24 89.61±0.48 
1 mo  Transparent 8.62±0.24 350±1.35 16.58±0.95 88.64±0.02 
2 mo Transparent 8.29±0.13 346±2.41 17.52±0.34 85.13±0.41 
3 mo  Transparent 7.95±0.41 340±3.16 20.49±0.52 83.17±0.31 

All the data are expressed as mean±standard deviation (n=3) 

 

CONCLUSION 

By developing a rapidly dissolving film for oral delivery, this study 
attempted to improve the solubility and bioavailability of TMS. OFDF 
for TMS was developed and refined with quality by design (QbD) in 
mind. The analysis of variance shows that the screening model used 
in the research provides  a good match to the data. Furthermore, the 
prediction profile and the perturbation plot aid in determining 
which sets of elements would provide the desired outcomes. The 
right screening model was used in the experimentation thanks to the 
DoE software. FTIR, DSC, and XRD analyses have all shown that TMS 
is compatible with the excipients. Mango kernel, MDX, Aspartan, and 
PEG 400 were used in the development of TMS-OFDF. The solvent 

casting process is used to create OFDF, with a drug-to-carrier ratio 
of 1:1. Higher drug release was attributed to TMS and mango kernel 
OFDF. Additionally, the films were made using a solvent casting 
technique. Mango kernel, a film-forming polymer, was employed 
because it hydrates quickly. To hasten the disintegration process, a 
super disintegrant called PEG 400 was utilized. The films were 
evaluated based on several factors, including their thickness, folding 
durability, in vitro disintegration time, and in vitro dispersion 
investigations. Mango kernel, PG, and MDX were treated as 
independent variables in a Box-Behnken analysis with cumulative 
drug release and disintegration time as the dependent variables. It 
was found that 300 mg of mango kernel, 350 mg of MDX, and 23.213 
% PG were the optimal amounts. The fourth iteration (F4) of the 
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optimized formulation of the drug was compared to the original 
drug solution in vitro, ex vivo, and pharmacokinetic studies. An ideal 
dosage form of telmisartan for the treatment of hypertension was 
created by combining mango kernel, a film-forming polymer, with 
MDX, a highly disintegrant oral dissolving film of TMS. 

LIST OF ABBREVIATIONS 
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