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ABSTRACT 

The aim of the study was to design and evaluate bilayer tablets of Deferiprone as immediate release and quick relief and 

Domperidone for sustained release and check the effect of 1% SLS for immediate release action. Bilayer tablets was prepared using 

direct compression method. Super disintegrants such as Crospovidone, Croscarmellose sodium and Sodium starch glycolate were 

evaluated for immediate release of deferiprone. Polymers HPMC K4, HPMC K15 and HPMC K100 for controlling release of 

Domperiodone. The compressed bilayer tablets were evaluated for weight variation, thickness, hardness, friability, drug content and 

in vitro drug release in 0.1N HCl and phosphate buffer pH 6.8. All the pre and post compression parameters were found to be within 

the acceptable limits. The formulations were optimized based on results of dissolution and formulations F6 for immediate release 

& F6D3 for sustained release. F7D3 was formulated with addition of 1% SLS and showed better dissolution and compared to F6D3. 

The release kinetics of Domperiodne was subject to curve fitting analysis in order to identify the best fit kinetic model. The 

regression analysis proves that F6D3 follow first order release and drug release by diffusion process based on Fick’s law of diffusion. 

The data for stability studies infer no considerable change in drug content, dissolution rates and other quality control test were within 

limits.  
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INTRODUCTION 

Bilayer tablets are a type of oral solid dosage form consisting of two layers of compressed powders or granules of different drug 

substances that are arranged in a sandwich-like structure. The bilayer tablet is designed in a way that each layer can be made of 

different drug formulations, allowing for a combination of drugs with different release profiles or therapeutic effects. 

The upper layer of the bilayer tablet is usually designed for immediate release of the drug substance, while the lower layer is 

formulated for delayed release or sustained release of the drug substance. The immediate-release layer provides a quick onset of 

action, while the delayed-release layer provides a prolonged duration of action.  

Bilayer tablets are commonly used in the pharmaceutical industry for various therapeutic applications and offer several advantages 

over conventional single-layer tablets, such as improved drug efficacy, reduced side effects, and better patient compliance. 

Thalassemia is an inherited disorder that is life long and patient has to go under blood transfusions which lead to iron overload. 

Deferiprone drug of BCS class III with dose 500mg, 1.8 hrs half and 30% bioavailability have ideal characteristics for immediate 

release layer. Therefore, it might be more suitable to incorporate clopidogrel as an immediate release layer in the bilayer tablet 

formulation. This would allow for rapid drug release and absorption into the bloodstream to achieve its desired effect promptly.  

One of the major drawbacks of the drug Deferiprone is that it causes GIT irritation Hence Domperidone in combination is given 

with Deferiprone that can reduce this drug induced side effect. Domperidone is a BCS class II drug with dose 10 mg, 7 hours half-

life and 15% bioavailability have ideal characteristics for sustained release. This would result in a slower and controlled drug release 

over an extended period, helping to maintain a consistent and provide prolonged antinausea effects. 

Therefore, an attempt has been made in the combination of bilayer tablets of Deferiprone and Domperidone.  
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METHODOLOGY  

PRE-FORMULATION STUDIES-DEFERIPRONE AND DOMPERIDONE 

Preformulation may be described as a phase of their search & development process where the formulation scientist characterizes 

the physical, and chemical properties of API, to develop stable, safe and effective dosage forms. During this evaluation possible 

interaction with various inert ingredients intended for use in the final dosage. 

1. Organoleptic Properties: 

The colour, odour and Appearance of the drug are evaluated using descriptive terminology.  

2. Melting Point:  

✓ The melting point of the drug is found by using the Melting/Boiling Point Apparatus.  

✓ The drug can be transferred to the melting point apparatus using a capillary tube and the temperature can be gradually increased 

until the mixture melts. 

✓ The melting point can be determined by observing the changes in the physical state of the drug and recording the temperature 

range at which the melting occurs.            

3. Solubility Analysis:  

The solubility of the drug was determined by an equilibrium method using the following solvents. 

• Distilled Water,  

• Methanol,  

• Phosphate Buffer 6.8 And  

• 0.1N HCL Buffer 

− Prepare a series of solutions containing 5ml of solvents in test tubes. 

− Place 5mg of the API in each solution and dissolve using the handshake method until it is completely dissolved.  

− Then keep on increasing until saturation is achieved. 

4. Construction Of Standard Curve For Deferiprone And Domperidone: 

Determination Of  Max  

Preparation Of Standard Stock Solution, Working Standard And Dilutions: 

• 50 mg of Drug was dissolved in 50 ml of 0.1 N HCl to give a concentration of  1000 μg/ml. 

• From the above solution 1 ml was withdrawn and made to 10 ml with 0.1 N HCl to give a concentration of 100 μg/ml. 

• From the above solution concentration of 5,20,15,20,25 were prepared. 

Scanning:  

The UV scan was taken between 200 to 400 nm. 
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5. FTIR Studies: 

FTIR studies are performed on drug alone and drug-excipient mixture. About 0.1-1.0% sample was well mixed with KBr powder 

which was put into a pellet-forming die and by applying a force of 8 tons under vacuum, transparent pellets were obtained. Analysis 

was done on 4000-400 cm -1 wave number range samples. 

6. PRE-COMPRESSION EVALUATION FOR BOTH DRUGS 

(i) Loss On Drying: 

It was determined on 1 g by drying in an oven at 100°C to 105°C for 3 hours. Mixed and accurately weighed the substance to be 

tested. Tare a glass stopper, a shallow weighing bottle that has been dried for 30 minutes under the same conditions to be employed 

in the determination and weigh the empty bottle (W1). Put the sample in the bottle, replace the cover, and accurately weigh the 

empty bottle's contents (W2). 

By gentle, sidewise shaking, the sample was as evenly as practicable to a depth of about 5 mm. Placed the loaded bottle in the drying 

chamber. Dried the sample at the specified temperature in a desiccator before weighing. Weighed the bottle (W3). The difference 

between successive weights should not be less than 0.3%. The loss on drying is calculated by the formula: 

(W2- W3) 

% LOD = ----------------------------- X 100 

(W2-W1) 

Where, W1 = Weight of empty weighing bottle 

W2 = Weight of weighing bottle + sample 

W3 = Weight of weighing bottle + dried sample 

(ii) Drug Powder Characterization: Angle Of Repose: 

The angle of repose is the maximum angle of a stable slope determined by friction, cohesion and the shapes of the particles. The 

internal angle between the surface of the pile and the horizontal surface is known as the angle of repose and is related to the density, 

surface area and coefficient of friction of the raw material. 

Ө = tan-1 (h/r) 

Where, h = height of heap, 

r = radius of heap, 

Ө = angle of repose. 

Table 1: Limits 

Angle of flow property 

<25° Excellent 

25-30° Good 

30-40°Passable 

>40° Very poor 

(iii) Bulk Density:  

Bulk density is defined as the mass of the powder divided by the bulk volume. Bulk density largely depends on particle shape, as 

the particle becomes more spherical, bulk density is increased. In addition, as the granule size increases bulk density decreases. 
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A quantity of 5 gm of powder was weighed and transferred to a measuring cylinder and observed the volume occupied by the 

sample. The initial volume was calculated. Bulk density was calculated using the formula. 

Bulk density = Bulk mass / Bulk volume 

(iv) Tapped Density:  

Tapped density is achieved by mechanically tapping a measuring cylinder containing a powder sample. After observing the initial 

volume, the cylinder is mechanically tapped and volume readings are taken until little further volume changes are observed the 

mechanical tapping is achieved by raising the cylinder and allowing it to drop under its weight a specific distance device that rotates 

the device during tapping may be preferred to minimize any possible separation of the mass during tapping down.  

The powder in the measuring cylinder was tapped for specific times at a height of 2.5 cm at an interval of 2 seconds. The powder in 

the graduated cylinder was tapped for specific times at a height of 2.5 cm at an interval of 2 seconds. The final volume occupied by 

the sample was noted and tapped density was calculated by using the formula:  

Tapped density = m/ vf 

Where, m = initial weight of material in gm, 

Vf = volume of material after tapping. 

Generally, replicate determinations are desirable for the determination of this Property. 

(v) Measurement Of Powder Compressibility:  

Carr’s Index  

Based on the apparent bulk and the tapped density, the percentage compressibility of bulk was determined by the following formula. 

Carr’s index: =100 (V0-Vf) /V0 

Where, Vf = final tapped volume, 

Vo = initial un-tapped volume 

Table 2: Limits 

SNO Compressibility index Flow 

1 5-`12 Free flow 

2 13-16 Good flow 

3 17-22 Fair 

4 22-25 Poor 

5 26-39 Very poor 

6 >40 Extremely poor 

(vi) Hausner Ratio 

Based on the apparent bulk and the tapped density, the percentage compressibility of bulk was determined by the following formula. 

Hausner Ratio: =V0/ Vf 

Where, Vf = final tapped volume, 

Vo = initial un-tapped volume. 
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Table 3: Limits: 

SNO Hausner’s ratio Flow 

1 1-1.2 Free-flowing 

2 1.2-1.61 Cohesive powder 

7. FORMULATION OF BILAYER TABLET  

(i)Preparation Of Bilayer Tablet:  

To produce bilayer tablets, layers of sustained release and immediate release were mixed. Granules for the bottom layer are dosed 

into the die from the first hopper. The powder blend for the immediate release layer was poured into the die containing the originally 

compressed matrix tablet using a multi-station punching machine equipped with flat punches after the first layer's pre-compression. 

(ii) Modified formulation: Addition of 1%SLS: 

One percent of SLS was added to the optimised formulation to track and monitor its dissolution.  

Table 4 Formulation of immediate release tablet -Total 650 mg 
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8. POST-COMPRESSION STUDIES-EVALUATION OF BILAYER 

 All the prepared bilayer tablets were evaluated for the following parameters. 

(i) Appearance:  

The bilayer tablets were identified visually by checking the colour difference. 

(ii) Thickness:  

Thickness was measured using a vernier calliper. Five tablets of the formulation were picked randomly and thickness was measured 

individually. 

(iii) Hardness:  

Hardness was measured using a Monsanto hardness tester. For each batch, three tablets were tested. 

(iv) Friability:  

Twenty tablets were weighed and placed in the Roche friability and the apparatus was rotated at 25 rpm for 4 minutes. After 

revolutions, the tablets were weighed again. The percentage friability was measured using the formula, 

% F = {1-(Wt/W)} ×100 

Where, % F = Friability in percentage 

W = Initial weight of tablets 

Wt = Weight of tablets after the revolution 
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(v) Weight Variation:  

Ten tablets were randomly selected from each batch and individually weighed. The average weight and standard deviation of 20 

tablets were calculated. The batch passes the test for weight variation test if not more than two of the individual tablet weights 

deviate from the average weight.  

(vi) Disintegration Test:  

For a drug to be absorbed from a solid dosage form after oral administration, it must be in solution, and the first important step 

toward this condition is usually the break-up of the tablet; a process known as disintegration. The disintegration test is a measure of 

the time required under a given set of conditions for a group of tablets to disintegrate into particles which will pass through a 10 

mesh screen. Generally, the test is useful as a quality assurance tool for conventional dosage forms.  

(vii) In-Vitro Dissolution Studies For IR:  

Dissolution of the tablets was carried out on USP dissolution type II apparatus using a paddle. 900 ml of pH 1.2 buffer (0.1N HCL) 

as dissolution medium was filled in a dissolution vessel and the temperature of the medium was set at 37 ± 0.5°C. The rotational 

speed of the paddle was set at 100 rpm. 5 ml of sample was withdrawn at a predetermined time interval of up to 90 minutes and the 

same volume of fresh medium was replaced. The withdrawn samples were diluted to 10 ml with 0.01N HCL, filtered and analyzed 

on a UV spectrophotometer at 242 nm using 0.1 N HCL as a blank. Percentage cumulative drug release was calculated. 

(viii) In-Vitro Dissolution Studies For SR:  

Dissolution of the tablets was carried out on USP dissolution type II apparatus using a paddle900 ml of pH 1.2 buffer (0.1 N HCL) 

as dissolution medium was filled in a dissolution vessel and the temperature of the medium was set at 37 ± 0.5°C. The rotational 

speed of the paddle was set at 100 rpm. 5 ml of sample was withdrawn at predetermined time intervals up to 12 hr and the same 

volume of fresh medium was replaced. The withdrawn samples were analyzed on a UV spectrophotometer at 242 nm using 0.1 N 

HCL as a blank. The percentage of cumulative drug release was calculated. 

(ix) In-Vitro Dissolution Study Of Bilayer Tablet: 

The dissolution studies of optimised deferiprone and domperidone bilayer tablets were studied by conducting dissolution using USP 

dissolution type II apparatus using a paddle. The medium was filled up to 900 ml of pH 1.2 buffer (0.1N HCL) as a dissolution 

medium Deferiprone is more soluble in acidic environments and less in neutral or slightly basic conditions like a phosphate buffer 

at pH 6.8. as it is soluble in 0.1 N HCL and domperidone is highly soluble in 0.1 N HCL. The temperature of the medium was set 

at 37 ± 0.5°C. The rotational speed of the paddle was set at 100 rpm. 5 ml of sample was withdrawn at predetermined time intervals 

up to 12 hr and the same volume of fresh medium was replaced. The withdrawn samples were analyzed on a UV spectrophotometer 

at 200-400 nm using 0.01N HCL as a blank. The percentage of cumulative drug release was calculated. 

DETAILS OF DISSOLUTION TEST:  

Dissolution test apparatus  : USP XX III 

Speed  : 100 rpm 

Stirrer  : Paddle type 

Volume of medium  : 900 ml 

Volume withdrawn  : 5 ml 

Medium used  : 0.1N HCL,  

Phosphate buffer 6.8 

Buffer temperature  : 37 ± 0.5° C 

9. DATA ANALYSIS: 

The following plots were made: cumulative % drug release vs time (zero-order kinetic model); log cumulative of % drug remaining 

vs time (first-order kinetic model); cumulative % drug release vs square root of time (Higuchi model); cumulative % drug release 

vs time (Peppas model). The regression coefficient R2 value nearer to 1 indicates the model best fits the release mechanism. 
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(i) Zero-order kinetics: 

Drug dissolution from pharmaceutical dosage forms that do not disaggregate and release the drug slowly, assuming that the area 

does not change and no equilibrium conditions are obtained can be represented by the following equation,  

Q t = Q 0+ K 0 t 

Where Q t = amount of drug dissolved in time t. 

Q 0 = initial amount of the drug in the solution and 

K 0 = zero order release constant. 

(ii) First-Order Kinetics:  

To study the first-order release rate kinetics, the release rate data were fitted to the following equation, 

 Log Qt = log Qo + K1t/2.303  

Where Qt is the amount of drug released in time t,  

Qo is the initial amount of drug in the solution and  

K1 is the first-order release constant. 

(iii) Higuchi Model:  

Higuchi developed several theoretical models to study the release of water-soluble and low-soluble drugs incorporated in semisolids 

and/or solid matrices. Mathematical expressions were obtained for drug particles dispersed in a uniform matrix behaving as the 

diffusion media. The equation is,  

QT= KH ·t1/2 

Where QT = amount of drug released in time t, 

KH = Higuchi dissolution constant. 

 

(iv) Krosmeyer And Peppas Release Model:  

To study this model the release rate data are fitted to the following equation,  

Mt / M ∞ = K · t n 

Where Mt / M ∞ is the fraction of drug release, 

K is the release constant, t is the release time and n is the diffusional coefficient for the drug release that is dependent on the shape 

of the matrix dosage form. 

10. STABILITY STUDIES OF THE OPTIMIZED FORMULATION:  

The stability of a pharmaceutical preparation can be defined as “the capability of a particular formulation in a specific 

container/closure system to remain within its physical, chemical, microbiological, therapeutic and toxicological specifications 

throughout its shelf life.” The purpose of stability testing is to provide evidence on how the quality of a drug substance or drug 

product varies with time under the influence of a variety of environmental factors such as temperature, humidity and light, and 

enables recommended storage conditions, re-test periods and shelf-lives to be established. ICH specifications for stability study. 



International Journal of Pharmacy and Pharmaceutical Research (IJPPR) 

Volume 30, Issue 12, December 2024  ijppr.humanjournals.com   ISSN: 2349-7203 

 

 

   Page | 9  
 

Procedure:  

In the present study, the formulations F6 and D3 were selected and the stability studies were carried out at 25±20C, 60±50C % RH 

(Long-term stability condition), 30 ±20C, 65±50C % RH (intermediate condition) and 40±20C, 75±50C (accelerated conditions), 

the tablets were packed in amber colour screwcap container and kept in above said condition for a period of six months. The tablets 

were analyzed periodically for their physical appearance and in-vitro drug release. 

Evaluation of samples:  

The samples were analyzed for the following parameters:  

I. Physical evaluation: 

Appearance: The samples were checked for any change in colour at an interval of 1 month up to 3 months. 

Hardness: The samples were tested for hardness at an interval of 1 month up to 3 months.  

II. Chemical evaluation:  

Drug content: The samples were checked for drug content at an interval of 1 month up to 3 months. 

Drug release: The samples were subjected to drug release studies at an interval of 1 month up to 3 months. 

RESULTS AND DISCUSSION: 

1. Organoleptic Properties  Table 5 

 

 

2. Solubility Analysis Table 6 
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3. Melting Point:  Table 7 

 

4. Determination Of λ Max (Wavelength) 

 Deferiprone: Table 8 

 

 

Fig 1 

Calibration Curve: Table 9 

 

            All values are expressed as mean ± SD(n=3) 
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Fig 2 The Standard Deferiprone Graph Demonstrated Strong Linearity with an  R2=0.9922, Signifying Its Adherence To 

The “BEER-LAMBERT’s Law” 

Domperidone:  Table 10 

 

 

Fig 3 

Calibration Curve Table 11 

 

All values are expressed as mean ± SD(n=3)   
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Fig 4 The Standard Deferiprone Graph Demonstrated Strong Linearity with an  R2= 0.9963, Signifying Its Adherence To 

The “BEER-LAMBERT’S LAW 

5. FTIR STUDIES 

Deferiprone 

 

Fig 5 FTIR of Drug Deferiprone 
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Fig 6 FTIR of Drug Deferiprone+ Excipients 

Table 12 

 

Domperidone         

 

Fig 7 FTIR of DRUG Domperidone 
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Fig 8 FTIR of Drug Domperidone + Excipients 

Table 13 

 

6 & 8. Evaluation of pre- and post-compression parameters for both drugs 

Loss on Drying:  Table 14 

 

Drug Powder Characterization:  Table 15 

 

The results indicated that the raw material had good flow properties  

Flow Properties:  Table 16 
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Pre-compression Evaluation Of Deferiprone 

Table 17: Results of precompression evaluation of Deferiprone immediate release layer. 

 

Post Compression Evaluation Of Deferiprone 

Table 18: Results of post-compression evaluation of Deferiprone immediate release layer. 

 

Pre-compression Evaluation Of Domperidone 

Table 19: Results of precompression evaluation of domperidone sustained release layer 
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Post Compression Evaluation Of Domperidone 

Table 20: Results of post-compression evaluation of domperidone sustained release layer 

 

Post Compression Evaluation Of Bilayer Formulation 

 Table 21: Results of post-compression evaluation of Bilayer formulation 
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IN-VITRO DISSOLUTION STUDIES  

In-Vitro Drug Release Data Of Deferiprone Immediate Layer: Table 22 

 

 

Fig 9 Cumulative per cent drug release versus time plots of Deferiprone tablets: F1-F6 where in F6 shows best result for 

immediate release 
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Cumulative per cent drug release of Domperidone sustained layer: Table 23 

 

 

Fig 10 Cumulative per cent drug release versus time plots of Domperidone tablets: D1-D6 where in D3 shows best result for 

sustained release 

In-Vitro Drug Release Profile Of Optimised Formulation(F6D3) 

Among the formulations are the D3 formulation for continuous release and the F6 formulation for quick release, both of which 

comprise HPMC-K15 as a binder and Crospovidone as a super-disintegrant. MCC, sodium bicarbonate, and magnesium stearate 

were chosen as optimal formulations. 

Table 24:  
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Fig 11 In-vitro dissolution profile of optimized bilayer tablets 

In-Vitro Drug Release Profile For F6D3 And F7D3 For Comparison 

Table 25: 

Time(in  mins) F6D3 F7D3 

5 33 45 

10 58 67 

15 79 86 

20 93 98 

30 99 99 

40 100 100 

50 100 100 

60 100 100 

75 100 100 

90 100 100 

 

Fig 12: In-Vitro Release For Optimised Formulation And  With 1% SLS 
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9. Drug Release Kinetics Of Sustained Release Layer Of Bilayer Tablet  

Table 26: Release kinetics of optimised Bilayer Tablets 

 

 

Fig 13: The zero-order release profile of bilayer tablets of the best formulation 

 

Fig 14: The first-order release profile of bilayer tablets of the best formulation 
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Fig 15: Higuchi releases kinetics profile of bilayer tablets' best formulation 

 

Fig 16: Peppas release kinetics profile of bilayer tablets of the best formulation 

 

 

 

 

 

 

 



International Journal of Pharmacy and Pharmaceutical Research (IJPPR) 

Volume 30, Issue 12, December 2024  ijppr.humanjournals.com   ISSN: 2349-7203 

 

 

   Page | 22  
 

10. Stability Studies Of The Optimized Formulation 

Table 27 

 

Table 28: Stability Studies for post compression parameters of Optimised Bilayer Tablet 

 

CONCLUSION  

The goal of the research was to develop and evaluate a bilayer tablet that contained domperidone and deferiprone. Domperidone 

and Deferiprone were more soluble in 0.1N HCL, according to pre-formulation experiments. The absorption maxima of deferiprone 

and domperidone, respectively, were 278 nm and 230 nm, indicating that the medicine and excipients did not interact, according to 

FTIR analysis. Following optimization, the Deferiprone immediate release formulation F6 showed an acceptable average weight 

variation of 650, average thickness of 2.92, average hardness of 6.24, average friability of 0.55, disintegration time of 20 seconds, 

and drug content of 100.3. The improved formulation of Domperidone sustained release D3 demonstrated good average weight 

variation (150), average thickness (2.89), average hardness (6.1), average friability (0.59), and average drug content (99.83). The 
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drug release percentages for deferiprone and domperidone were determined to be 100.3% and 99.83%, respectively, indicating good 

content homogeneity. The optimal formulation of the drug release data demonstrated the best fit into First-Order Kinetics and the 

Higuchi model of Kinetics The improved formulation was the subject of a Dissolution investigation and showed better results of 

dissolution than the formulation without SLS. The formula showed good stability, and the values fell within the range. We conclude 

that bi-layered tablets containing deferiprone for instant release and domperidone for extended release can be used to generate stable 

dosage forms.  
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