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INTRODUCTION 

Drug delivery (DD) is a method by which an active 

pharmaceutical ingredient (API) is administered into 

patient to promote its desired pharmacological effect. As 

drug delivery technologies improve, the drug becomes 

safer and more comfortable for patients to use.
[1]

 From 

the past few decades there has been a massive change in 

designing various drug delivery systems to achieve rapid 

onset of action in order to treat sudden appearing 

disorders. One such relatively new dosage form is the oral 

dispersible formulation.
[1,2]

 

 

Oral fast-dissolving drug-delivery systems were 

developed in the late 1970’s to overcome the problem of 

difficulty in swallowing solid dosage forms. These 

systems consist of oral dispersible tablets (ODT) that 

disintegrate and dissolve quickly in the oral cavity.
[3,4]

 

However, many pediatric and geriatric patients are 

unwilling to take these fast-dissolving tablets as there is a 

fear of choking due to its tablet type appearance.
[5]

 

 

In order to overcome these disadvantages, a new 

technology was developed as Oro- dispersible films. 

Oro-dispersible film (ODF) formulation is a new drug 

delivery technique prepared by using hydrophilic 

polymers which when placed on the patient tongue or 

any mucosal tissue gets instantly wet by saliva and 

rapidly disintegrates to release the drug. The drug may 

get absorbed from the pharynx and esophagus or from 

other secretions of GIT as the saliva travels down.
[6,7] 

 

It is most advance form of solid dosage form due to its 

flexibility and comfort. It improves efficacy of Active 

pharmaceutical ingredient (API), by dissolving inside the 

oral cavity in the very short duration after the contact 

with less amount of saliva.
[8]

 

 

Diltiazem is a non-dihydropyridines (non DHP) 

benzothiazepine calcium channel blocker used for 

treatment of hypertension, angina pectoris, and some 

types of arrhythmias. Diltiazem increases blood flow and 

variably decreases the heart rate via strong depression of 

atrioventricular node conduction. It produces 

antihypertensive effect primarily by relaxing vascular 

smooth muscle and the resultant decrease in peripheral 

vascular resistance.
[9]
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ABSTRACT 

Oro-dispersible film is the type of drug delivery systems which when placed in the oral cavity disintegrates or 

dissolves within few seconds without water intake. It is most advanced form of oral solid dosage form due to more 

flexibility and comfort. The present study was undertaken with the objective of formulating and evaluating 

Diltiazem HCl Oro-dispersible films (ODFs) to enhance the patient convenience and compliance specifically 

elderly and pediatric patients. Diltiazem HCl is one of the drugs used in the treatment of cardiac diseases like 

angina pectoris, hypertension etc. Oro-dispersible films of Diltiazem HCl were prepared by solvent casting 

method using water soluble film forming polymers of different concentrations such as HPMC E5, HPMC E15, and 

Pullulan. PEG 400 was used as plasticizer. Six formulations were prepared and evaluated for physico-chemical 

parameters such as weight uniformity, thickness uniformity, surface pH, tensile strength, drug content, 

disintegration time, in vitro dissolution studies and the best formulation was subjected into stability studies. All the 

formulations showed satisfactory results for the tested parameters. The formulation F3 containing 7.5%W/V of 

HPMC E15, was found to show maximum drug release i.e., 98.85±1.18% at the end of 180 seconds and found to 

disintegrate in 10±0.99seconds. Thus, ODFs are considered as an effective approach whenever immediate onset of 

action is required. 
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MATERIALS AND METHODS  
Diltiazem Hydrochloride was obtained from Yarrow 

Chem Products, Mumbai. HPMC E5, HPMC E 15, Citric 

acid, Erythrosine B were obtained from Yarrow Chem 

Products, Mumbai. Pullulan was obtained from Loba 

Chemie Pvt. Ltd, Mumbai, PEG400 and Aspartame were 

obtained from Hi- Media Laboratory Pvt. Ltd, Mumbai. 

All ingredients used in the preparation were of analytical 

grade. 

Methods 

Preparation of films containing Diltiazem 

Hydrochloride by solvent casting method:
[10]

 

Oro-dispersible films of Diltiazem HCl were prepared by 

solvent casting method using different grades of film 

forming polymers like HPMC E5, HPMC E15, and 

Pullulan as shown in the formulation table. 

  

 

Table No.1: Composition of Oro-dispersible films. 

Formulation 

code 

Diltiazem 

HCl (mg) 

HPMC 

E5 

(mg) 

HPMC 

E15 

(mg) 

Pullulan 

(mg) 

PEG 

400 

(mg) 

Citric 

acid 

(mg) 

Aspartame 

(mg) 

Erythrosine 

(mg) 

Distilled 

water 

(mg) 

F1 241.3 750   0.2 70 50 100 10 

F2 241.3 1000   0.2 70 50 100 10 

F3 241.3  750  0.2 70 50 100 10 

F4 241.3  1000  0.2 70 50 100 10 

F5 241.3   750 0.2 70 50 100 10 

F6 241.3   1000 0.2 70 50 100 10 

 

The required quantity of polymers and plasticizers (PEG 

400) were dissolved in 10ml of distilled water and stirred 

for 2hrs to form a clear viscous solution and kept it aside. 

API and other ingredients were dissolved in aqueous 

solvent and combined with the polymer solution. The 

entrapped air was removed by allowing it to stand for 

overnight. Finally, the solution was casted into a suitable 

petri dish and dried in an oven at 50ºC for 24 hrs. Film 

was cut into desired size and shape i.e., 3x3cm
2 

and then 

packed in aluminium foils. 

 

Determination of dose of drug 

Every film of size 3x3cm
2
 area must contain 30mg of 

Diltiazem Hydrochloride.  

The amount of drug in the casting solution was 

calculated as follows: 

The dose of the drug to be incorporated in each 9cm
2
 film 

= 30mg. 

Diameter of petri dish = 9.6cm, so that the radius = 

4.8cm. 

Area of Petri dish = π r
2
 

= 22/7 x (4.8)
2 

= 72.39 cm
2
 

Surface area of strip = 3x3 

  = 9 cm
2
 

9 cm
2 

contains 30mg of drug. 

(72.39) cm
2 

contains = x mg of diltiazem hydrochloride 

 x = 72.39 X 30/9 

= 241.3mg 

Hence, the solution which is casted into Petri dish 

contains 241.3 mg of Diltiazem HCl. 

 

EVALUATION OF ORO-DISPERSIBLE FILMS OF 

DILTIAZEM HYDROCHLORIDE 

Diltiazem Hydrochloride Oro-dispersible films were 

evaluated for following properties: 

 

Weight uniformity
[11] 

Five films of every formulation of size (3x3cm
2
) were 

cut and weighed on a digital balance. The average weight 

was calculated and the standard deviation from the 

average weight was measured. 

 

Thickness
[12,13] 

The thickness of film was measured by micro meter 

screw gauge. Five films (3x3cm
2
) of each formulation 

were taken and the film thickness was measured at 

different strategic locations (at least 5 locations) and the 

mean thickness of the films was calculated. 

 

Folding endurance
[14] 

Folding endurance of the films determine the flexibility 

of the films. It was determined by repeatedly folding a 

small strip of the film (3x3cm
2
) at the same place until it 

breaks. The number of times strips can be folded at the 

same place, without breaking gives the value of folding 

endurance. 

 

Tensile strength
[12] 

The tensile strength is defined as the maximum load 

force required to break the film. Tensile strength of ODF 

was measured using tensile strength apparatus. The 

sample of ODF at dimension of (5x3cm
2
) were held 

vertically between two clamps. The force at which the 

film starts to break was noted. It is calculated by dividing 

the applied load at rupture with the cross- sectional area 

of the film as given below: 

 
 

In vitro disintegration time
[15] 

Time required for disintegration of film was determined 

by dipping a film (3x3cm
2
) in a Petri dish containing 

10ml of pH 6.8 phosphate buffer at 37°C. Time taken by 

the film to disintegrate was noted. 
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Determination of Drug content
[16] 

The oral film was dissolved in 50ml of phosphate buffer 

pH 6.8. Resulting solution was sonicated for 15 min, and 

then filtered using Wattmann filter paper. The filtrate 

was analyzed by UV spectrophotometer.  

 

In vitro dissolution studies
[17,18]

 
The release rate of drug was carried out using USP 

Dissolution type I testing apparatus (Basket type) at 37 ± 

0.5ºC using phosphate buffer (pH 6.8) as dissolution 

medium at 50rpm. Samples of 5 ml were withdrawn at 

30sec,60sec, 90sec, 120sec, 150sec and 180secs and 

replaced with fresh medium. The samples were subjected 

to UV analysis and percentage of drug release was 

calculated. 

 

RESULTS AND DISCUSSIONS 

Weight uniformity 

The weight of prepared films was determined using 

digital balance and average weight of all films is given in 

Table No 2. Differences observed in the weight of films 

are may be due the differences in concentration of 

polymers used. 

Film thickness 

The thickness of ODF films depends on the 

concentration of polymer. Thickness of all ODF films 

was measured with micrometer screw gauge and 

obtained values are given in Table No 2. 

 

Folding endurance 

Folding endurance measures the ability of films to 

withstand rupture. Higher the folding endurance lower 

will be the chances of films to rupture easily. The folding 

endurance of the films was determined by repeatedly 

folding a small strip of the films at the same place till it 

breaks. The obtained results are shown in table No 2. 

 

Tensile strength 

The strength of the prepared films was ranging from 

0.238±0.01N/cm
2 

to 0.278±2.04N/ cm
2 

as shown in the 

table No 2.  From the results, it was observed that as the 

concentration of polymer increases, the tensile strength 

also increases. 

 

 

Table No.2: Evaluation of Oro-dispersible films containing Diltiazem Hydrochloride. 

Formulation 

Code 

Weight uniformity* 

(mg) 

Thickness* 

(mm) 

Folding 

Endurance* 

Tensile Strength* 

(N/cm
2
) 

F1 89.6±0.57 0.23±0.020 62±3.01 0.252±1.01 

F2 93.8±3.85 0.26±0.025 75±0.97 0.266±1.04 

F3 89.7±0.64 0.25±0.020 63±3.01 0.246±0.21 

F4 93.9±4.02 0.28±0.025 79±0.97 0.278±2.04 

F5 89.8±0.80 0.18±0.020 60±2.01 0.238±0.01 

F6 93.9±3.73 0.20±0.025 76±0.97 0.261±0.04 

*Data expressed as a mean ± SD, n=3 

 

Disintegration time 

The disintegration time of the prepared film formulations 

was found to be in the range 10±0.99seconds to 

17±0.98seconds as shown in the table No 3.  Formulation 

F3 containing 7.5%w/v of HPMC E15 showed lowest 

disintegration time, since concentration of polymer was 

low and formulation F6 containing 10%w/v of pullulan 

showed highest disintegration time, since concentration 

of polymer was high. 

 

Drug content uniformity 

The amount of drug present in the ODF was determined 

using UV spectrophotometer at 235 nm using phosphate 

buffer of pH 6.8. Drug content uniformity study data is 

shown in the table No 3. The content uniformity for all 

formulations was found to be in the range 94.52±3.51% 

to 99.42±0.58% which showed that there was almost 

uniform distribution of the drug in all formulations. The 

maximum drug content was shown by F3 i.e., 

99.42±0.58%. 

 

 

 

 

 

Table No 3: Evaluation of Oro-dispersible films 

containing Diltiazem Hydrochloride. 

Formulation 

Code 

Disintegration 

time * (sec) 

Drug content 

* (%) 

F1 13±0.99 98.03±0.95 

F2 15±0.98 97.33±1.52 

F3 10±0.99 99.42±0.87 

F4 12±2.00 99.08±0.58 

F5 16±0.98 95.77±2.08 

F6 17±0.98 94.52±3.51 

*Data expressed as a mean ± SD, n=3 

 

In Vitro dissolution study of Oro-dispersible of film 

formulations 

The release rate of Diltiazem HCl was determined using 

USP Dissolution type I testing apparatus (basket type). 

Drug release study was carried out for 180sec. The 

formulation F1, F2, F3, F4, F5 and F6 showed 

percentage drug release of 96.69±2.09, 95.57±1.52, 

98.85±1.18, 97.27±58, 94.69±3.52, 93.48±1.24 

respectively at the end of 180secs as shown in the below 

table and figure. The formulation F3 showed a maximum 

drug release of 98.85%±1.18. 



Shree et al.                                                                      European Journal of Biomedical and Pharmaceutical Sciences 

www.ejbps.com        │        Vol 10, Issue 3, 2023.         │          ISO 9001:2015 Certified Journal        │ 

 

192 

Table.No.4: In vitro dissolution study of Diltiazem HCl Oro-dispersible films. 

Time 

(sec) 

%Cumulative drug release (%) * 

F1 F2 F3 F4 F5 F6 

30 50.71±2.14 41.68±10.50 37.01±1.95 42.91±2.70 28.15±0.78 54.33±1.52 

60 63.01±0.05 50.22±0.69 63.29±0.57 62.48±0.50 42.32±0.58 64.69±1.53 

90 76.89±4.03 64.49±0.60 81.26±0.62 68.21±0.61 64.46±0.57 66.35±0.58 

120 84.96±2.00 75.27±2.51 85.78±1.14 80.53±2.08 85.84±3.05 76.19±2.51 

150 95.61±2.08 85.38±0.57 94.37±0.84 93.87±1.52 91.12±2.08 86.67±0.57 

180 96.69±2.09 95.57±1.52 98.85±1.18 97.27±58 94.69±3.52 93.48±1.24 

*Data expressed as a mean ± SD, n=3 

 

 
Fig.No.1: Comparison of in vitro drug release profile 

of various formulations. 

 

CONCLUSION 

Oral disintegrating films of Diltiazem Hydrochloride 

were formulated successfully by using various polymers 

like HPMC E5, HPMC E15 and pullulan. All the 

prepared formulations were subjected to various 

evaluation parameters and obtained results were most 

satisfactory. From the obtained results of executed 

experiments, it can be concluded that, the ODF 

formulation can be used in cases of emergency, as it has 

improved dissolution rates and gives immediate drug 

release. These formulations are also required for the 

improved patient compliances. 
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