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Abstract:-  The optimized immediate release layer (IF6) with highest in vitro release of 98.11 was selected for bi-layered 

tablet formulation. HPMC K4M and HPMC K100M polymer used to retard the drug release from sustained release layer in 

different proportion and combination and evaluated for physical parameter along with in vitro drug release studies.. The 

optimized sustained release layer (SF8) which extends the Divalproex sodium release more than 18 hrs was selected. In vitro 

drug release studies were performed using USP type II apparatus (paddle method) in 900 ml of phosphate buffer pH 6.8 at 

100 rpm. Finally Bi-layered tablets were prepared by double compression of selected sustained release layer and immediate 

release layer of Divalproex sodium. The tablets were evaluated for hardness, thickness, weight variation, friability, drug 

content uniformity and in vitro drug release. All the physical parameters were in acceptable limit of pharmacopeial 

specification. The stability studies, shown the bi-layer tablet was stable at 400C/ 75% RH for a period of 3 months. 
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I. INTRODUCTION 

Drug in the outside layer exposed to the bathing solution is dissolved first and then diffuses out of the matrix. This process 

continues with the interface between the bathing solution and the solid drug moving toward the interior. It follows that for this 

system to be diffusion controlled, the rate of dissolution of drug particles within the matrix must be much faster than the 

diffusion rate of dissolved drug leaving the matrix. Derivation of the mathematical model to describe this system involves the 

following assumptions: 

 

 A pseudo-steady state is maintained during drug release. 

 The diameter of the drug particles is less than the average distance of drug diffusion through the matrix; 

 The bathing solution provides sink conditions at all times. The release behavior for the system can be mathematically 

described by the following equation: 

 

                                                                                      DM/Dh = CO. Dh-CS/2                                                               (1) 

 

Where, 

DM = change in the amount of drug released per unit area 

Dh = change in the thickness of the zone of matrix that has been depleted of drug CO = total amount of drug in a unit volume 

of matrix 
CS = saturated concentration of the drug within the matrix. 

 

1.1 DIFFUSION THEORY 

 

                                                                    DM = (D. CS / h).Dt                                                   (2) 
Where, Dm = Diffusion coefficient in the matrix 

 h = thickness of the drug-depleted matrix 

Dt = change in time. 

 

 
By combining equation 1 and 2 and integrating; 
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                                                                          M = CS. Dm. (2CO-CS). t 1/2                                                                   (3) 

  

When the amount of drug is in excess of the saturation concentration, then: 

 

                                                                               M = 2CS. Dm. CO. t1/2                                     (4) 

 

Equation 3 and 4 relate the amount of drug release to the square-root of time. Therefore, if a system is predominantly 

diffusion controlled, then it is expected that a plot of the drug release vs. square root of time will result in a straight line. 

Drug release from a porous monolithic matrix involves the simultaneous penetration of surrounding liquid, dissolution of 

drug and leaching out of the drug through tortuous interstitial channels and pores. The volume and length of the opening 

must be accounted for in the drug release from a porous or granular matrix: 

                M = Ds.Ca.p/T.(2CO –p.Ca) t1/2                                                                (5) 

  

Where, 

p = Porosity of the matrix, t = Tortuosity, Ca = solubility of the drug in the release medium 

Ds = Diffusion coefficient in the release medium,  

T = Diffusion path length For pseudo steady state, the equation can be written as: 

 

                                                                     M = 2D. Ca . CO (p/T) t1/2                                                                                                    (6) 

 

II. MATERIALS 

 
Table 11: List of materials 

 

Sl 
No. 

Ingredients Company Name 

1. Divalproex sodium Gift sample from ROAQ Chemicals 

Pvt. Ltd. Vadodara 

2. Sodium Starch Glycolate S.D. Fine Chem. Ltd, Mumbai 

3. Croscarmellose S.D. Fine Chem. Ltd, Mumbai 

4. HPMC K4M Yarrow Chem Products, Mumbai 

5. HPMC K100M Yarrow Chem Products, Mumbai 

6. Lactose S.D. Fine Chem. Ltd, Mumbai 

7. Micro Crystalline Cellulose S.D. Fine Chem. Ltd, Mumbai 

8. PVP K 30 S.D. Fine Chem. Ltd, Mumbai 

9. Ponceau 4R Indian fine chemicals, Mumbai-20 

10. Magnesium Stearate S.D. Fine Chem. Ltd, Mumbai 

11. Talc S.D. Fine Chem. Ltd, Mumbai 

 

III. PRE-FORMULATION STUDIES 

Pre-formulation testing is the first step in rational development of dosage forms of a drug substance. Pre-formulation study 

is the process of optimizing the delivery of drug through determination of physicochemical properties of the excipients that 

could affect drug performance and development of as efficacious, stable and safe dosage form. It provides a framework for 

the drug combination with pharmaceutical excipients in the dosage form. 

Determination of λ 74max 

Divalproex sodium was dissolved in methanol further diluted with the same and scanned for maximum absorbance in UV 
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double beam spectrophotometer (Shimadzu 1800) in the range from 190 to 380 nm. 

 

Solubility 

The solubility of Divalproex sodium was determined in distilled water, methanol, ethanol, acetone, chloroform and pH 6.8 

phosphate buffer by shake flask method. An excess amount of Divalproex sodium is added to each vial containing 10 ml of 

selected solvent till the saturation of the solution. The mixtures were subjected to the mechanical agitation for 48 hours in 

isothermal shaker at 250C ± 10C followed by filtration through watmann’s filter paper. Absorbance is measured by UV-

Visible Spectrophotometer. The drug content is calculated by using the standard graph. 

 

Melting point 

Melting point of the Divalproex sodium was determined by capillary method in triplicate. 

 

Standard Curve for Divalproex sodium 

100 mg of Divalproex sodium was accurately weighted and dissolved in 100 ml of methanol to prepare first stock solution. 

10 ml of above solution was taken and diluted to 100 ml with the same solvent to prepare II stock solution. The aliquot 

amount of II stock solution was further diluted to get 5, 10, 15, 20, 25 and 30 g of drug per ml of the final solution. Then 

the absorbance was measured in a UV spectrophotometer at 210 nm against methanol blank. 

 

Compatibility studies 

The compatibility studies of the drug with polymers are studies using FT-IR spectroscopy. 

 

FT-IR Spectroscopy 

FT-IR spectroscopy was carried out to check the compatibility between drug and excipients. Infrared spectroscopy was 

conducted using s thermo Nicolet FTIR and the spectrum was recorded in the region of 4000 to 400 cm-1. The sample (drug 

and drug-excipient mixture in 1:1 ratio) in KBr (200-400mg) was compressed in to discs by applying a pressure of 5 tons for 

5 min in hydraulic press. The interaction between drug-excipients was observed from IR-spectral studies by observing any 

shift in peaks of drug in the spectrum of physical mixture of drug- excipients. 

 

DSC Analysis for formulation 

Thermal properties of the pure drug and the physical mixture of drug and excipients were analyzed by Different Scanning 

Calorimeter -60, Shimadzu limited Japan. The samples were heated in a thermetically sealed aluminium pans. Heat runs for 

each sample were set from 25 to 3500C at a heating rate of 100C/min, using nitrogen as blanket gas. 

 

IV. FORMULATION DESIGN CALCULATION OF DOSE 

The total dose of Divalproex sodium for once daily formulation was calculated by the following equation, using available 

pharmacological data. 

Dt = Dose (1+0.693xt/t1/2) Where, Dt = Total dose of drug, 

Dose = Dose of immediate release part. 

t = time in hr during which the sustained release is desired (18 hrs) t1/2 = half life of the drug (9 hrs) 

Therefore, 

Dt = 125(1+0.693x18/9), Dt ≈ 298.25 

Therefore maintenance dose = 298.25-125 = 173.25 mg. 

Hence, the formulation should release 125 mg drug within 1 hour and 173.25 mg drug in 18 hours. 

 

V. RESULT AND DISCUSSION 

The solubility studies of drug were done by using various media like distilled water, methanol, chloroform and phosphate 

buffer pH 6.8. The data for solubility studies in those media are shown in table 5. The result shows maximum solubility in 

chloroform. 
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Table 1: Solubility of Divalproex sodium 

 

 

Solvents 

Solubility 

(mg/ml) 

Distilled water 7.35 

Methanol 48.45 

Chloroform 55.24 

Phosphate buffer pH 6.8 29.73 

 

Result showed that Divalproex sodium is more soluble in chloroform in compare to other solvents. 

 
Melting Point 

Melting point of drug was determined by capillary method. The result is found to be 219-2230C. 

 

FT-IR spectrum 

FT-IR spectrum of pure drug Divalproex sodium and combination of drug with polymers were obtained as shown in 

figures 6-12. All the characteristic peaks of Divalproex sodium were present in spectrum of drug and polymer 

mixture, indicating compatibility between drug and polymers. The entire FT-IR spectrum and was tabulated in table 

22. 

 

FTIR figure of Drug and Drug with excipients 

 

Figure 1: FTIR of Drug Divalproex sodium 
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Figure 2: FTIR of Divalproex sodium + Sodium Starch Glycolate (SSG) 

 

 

Figure 3: FTIR of Divalproex sodium + Corscarmellose sodium 
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Figure 4: FTIR of Divalproex sodium + HPMC K4M 

 

 

Figure 5: FTIR of Divalproex sodium + HPMC K100M 



ISSN: 2321–7529 (Online) || ISSN: 2321–7510 (Print)                                International Journal of Research and Technology Volume 11, Issue 3, July_2023 
 

www.ijrt.org                                                                                                                                                                                  11 

 
Figure 6: FTIR of Divalproex sodium + Lactose 

 

 

Figure 7: FTIR of Divalproex sodium + Microcrystalline Cellulose (MCC) 
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VI. CONCLUSION 

The above studies lids to following conclusions: 

 FTIR and DSC studies indicated that the drug is compatible with all the excipients. 

 Both immediate and sustained release layer were prepared by wet granulation 

method and punched separately. The prepared tablets of both layers were evaluated 

for post compression parameters. 

 According to the in vitro dissolution profile date one formulation of each layer were 

selected for bi-layered tablet. IF6 from immediate release formulations as they 

showed 

98.62 % drug release within 20 minute. SF8 from sustained release formulation as 

they showed 94.29 % drug release within 18 hours. 

 The bilayer tablets were prepared using the selected immediate and sustained release layer. The 

prepared tablets were found to be good and free from chipping and capping. 

 The hardness of the prepared tablets was found to be in the range of 5.85 to 7.05 kg /cm2 

 The low values of the standard deviation of average weight of the prepared tablets indicate weight 

uniformity within the batches prepared. 

 The friability of the prepared tablet was found to be less than 1%. 

 The percentage drug content was uniform in all the formulations of prepared bi-layered tablets. 

 In vitro drug release pattern of the bi-layered tablets were same as individual layer tablets. 

 The stability study showed that no significant changes in tablets after 3 months study. 
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