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ABSTRACT 

This thesis explores the objective of the study was to improve the oral therapeutic 

efficacy a formulation has been designed which contains one drug carbamazepine but 

dual releases An object of the present invention is to provide a dosage form 

comprising of an active ingredient as sustained release and half of an active ingredient 

as immediate release. Using HPMC K-4 M, Povidone K30 and ethyl cellulose 

sustained dosage form has been formulated by wet granulation method. Tablet 

compressing was done with core rod tooling in which only one surface of core is 

expose to outside and other drug is incorporated in cup portion..The % drug release for 

carbamazepine as immediate release is 99.98 % and sustained release is 99. 53%. The 

kinetic release carbamazepine chrono tablets show zero order and higuchi model. This 

drug will time dependent from sudden releases at 11.00 P.M and after that sustained and 

peak time shows at 7.00 PM. According to the circadian rhythm the formulation is 

prepared. 
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INRODUCTION 

The latest developments for Chronotherapeutics for chosen diseases are having the 

multifunction” focused to drug delivery for suitable bioactive agents and also remedy for the 

diseases. There is a significant and vital demand for chronopharmaceutical research because 

it challenges the drug delivery. The chronoformulation illustrates therapeutically designed 

intended for chronotherapy by time of administration and variation of drug category with 

reasonable cost,would develop the safe, efficient with patient compliance of newer & older 

drugs. The formulation of new approaches and technologies for chronoformulation having to 

success the targeting the diseases.1 

Sequentially to enhance the effectiveness of chronotherapeutic system challenges in drug 

delivery. The activities of the human body appreciably in a day, so this diversity cause 

changes each in disease condition and also the drug therapy. The human circadian rhythm 

which is based on sleep activity cycle and body's functions. The rhythmic changes affected in 

diseases symptoms and sensitivity.2 

Chronopharmacology investigates the drug management and response of body 

accordingly to the chronological structure in the organism receiving it. Thus, both the 

quantitative (magnitude of the activity) & qualitative (inhibition & reduction) of its result 

responses alter with time of administration 3 

Chronopharmaceutics 

It is the idea about chronobiology and also pharmaceutics. Chronobiology is the science of 

biological rhythms with its mechanisms. Biological rhythms are the no. of characteristics. 

Pharmaceutics is concerned with scientific and technological aspects of dosage form design 

to convince their quality, safety, efficiency, and consistency. 

It is branch of biomedical and pharmaceutical sciences. Simply pharmaceutics converts a 

drug into medicine. The Chronopharmaceutics is a part of pharmaceutics which is biological 

requirement for disease therapy towards drug delivery systems which give a bioactive agent 

at a pulse that matches the biologically rhythms. The goal to distribute the drug in high conc. 

in the accurate need of time and in less conc. when the requirement is little to reduce side 

effects. 5 

 

 Ideal characteristics of Chronotherapeutic drug delivery system should:6 

 
➢ Should be non-toxic within standard limits 

➢ Should have actual time and triggering biomarker for a particular disease 

state 

➢ Should have a feed back control  system (e.g. self regulated and adaptive 

ability) 

 

➢ To differentiate between sleep and awake status of individual patients 

➢ Should biocompatible and biodegradable, particularly for parenteral         

administration. 

➢ Should be with cost-effective for manufacture point of view 

YMER || ISSN : 0044-0477

VOLUME 22 : ISSUE 03 (Mar) - 2023

http://ymerdigital.com

Page No:540



 

➢ Should be easy to administer to patients to improve uniformity to 

dosage regimen. 

 Advantages of Chropharmaceutics: 7 

 

Suitable delivery of drug can be attained for chronopharmaceutics that are as follow 

 
(1) First pass metabolism: Certain drugs like β blockers, and salicylamide, experience 

widespread first pass metabolism and need quick drug contribution for saturation of 

metabolizing enzymes for decrease pre-systemic metabolism.It may be refrained by 

Chronopharmaceutics. 

 

(2) Biological tolerance: Constant release drug plasma profiles are usually lead by a 

fall in the therapeutic effective of the drug, e.g., biological acceptance of nitroglycerin 

transdermal . 

(3) Special chronopharmacological requirements: It is documented that various 

symptoms and onset of disease arise for the duration of particular time periods of twenty four 

hour day, e.g., angina pectoris and asthma attacks are appear generally in hours of early 

morning . 

 

(4) Local therapeutic requirements: To treat the local disorders like inflammatory 

bowel disease, the compounds delivery to the site of inflammation without loss as the 

absorption in the small intestine is very enviable to reach the therapeutic effect, also to reduce 

the side effects. 

 

(5) Gastric irritation (drug instability in gastric fluid): For the compounds of gastric 

irritation or unstable in gastric pH, using sustained release preparation might overcome the 

above problems. 

 

(6) Differences drug absorption in different gastrointestinal segments: Commonly 

the drug absorption is reasonably slow in stomach, where as fast in small intestine and 

declining position in large intestine. For altering absorption , compensation of g.i. tract 

should have vital for few drugs. 

 

 Concepts and terminology of chronobiology 

Chronobiology is defined as the study of biological rhythms and mechanisms of biological 

timekeeping. It is undoubtedly significant to the area of medicine, pharmacology, and drug 

delivery system. Clinically proves that degree of extent of predictable-in-time (rhythmic) 

differences can be so effective that it can be a big determinant in twenty four hour chronic 

morbid and mortal events arises and symptoms of many severe medical conditions erupt. 

Moreover other clinical studies illustrate that when a patient is administered for a diagnostic 

test or medical treatment can be a big determinant of outcome. 14 

A biological rhythm is endogenous origin with self-sustaining oscillation that is interpreted 

by characteristics of period, level,amplitude, and phase. The circumctance is arranged in 
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space, in view of its geography, and in time, in view of its cycles, the most obvious being 

twenty four hour and yearly photo periodicities. Ecological studies illustrates that the same 

alcove judisplays a quiet accurate temporal organization; its performance is developed by 

various species applying it at various and usually non overlapping times. Diurnally active 

species use it in day and nocturnally active species use it in night for complementary intend.15 

 

 Biological rhythms — shift, and night work 

The reliability of the circadian time structure is important to efficient biological and 

psychological functioning and maintenance of health, itself. Workers of night and rotating 

shift bear equivalent interruption of circadian time structure with difference in each shift 

which needs change of sleep–wake routine and relate to time accompanied exposure to 

natural light asrhythm synchronizers wake pattern and/or usual exposure to light in night 

changes, or more inhibits.24 

 

 Circadian time structure 

Circadian rhythms are endogenous in nature driven by “Oscillators” or Clocks and persist 

under free running conditions. The rhythm in human body temperature that is timed by 

biological clocks has an about 24 hours period under free running circumstances. Thus 

circadian variations in gastricacid secretion and PH, drug protein binding , gastric 

emptyingtime, glomerular filtration, hepatic bloodflow, gastrointestinal bloodflow, , liver 

enzyme activity, renal bloodflow, motility, urinary pH, and tubular reabsorption may play a 

role in such kinetic variations. 25 . The human circadian time structure is to describe peak time 

of 24hrs rhythms on a clock like diagram like that exposed.    Figure-1 shows the peak time 

of human circadian rhythms in relation to the typical synchronizer routine of the majority 

human beings sleep in darkness and activity during the light of the day 
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 CIRCADIAN RHYTHMS IN OCCURRENCE AND SEVERITY OF DISEASE 

The strength of symptom of medical situation and incidents of life-threatening medical 

emergencies showing evidence of rather accurate timings. Diseases like peptic ulcer attacks 

are most regular at night and pulmonary edema, congestive heart failure and asthma get 

worse nocturnally. The symptoms of allergic rhinitis and rheumatoid arthritis are effective 

over night or in morning upon wakening. Migraine headache usually is triggered in night 

time sleep or sharp early morning hours. The heart diseases like unexpected cardiac death 

angina pectoris, arrhythmia, hypertensive crises, stroke, pulmonaryembolism, and myocardial 

infarction are commonly in morning. Depression is generally in morning. Symptoms of 

osteoarthritis generally in late afternoon or sharply at evening. The bleeding ulcer is 

generally in afternoon.26 

 

 Figure 2 Human circadian rhythm in human diseases 
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CIRCADIAN DEPENDENCE OF DRUG PHARMACOKINETICS 

Table-1.2: Possible physiological factors influencing circadian stage-dependent   

pharmacokinetics of drugs 

 

FTIR Spectrophotometery 

The physical properties of total formulation were compared with those of pure drug and 

physical mixture. Here spectral changes in the mixture are the basis for the determination of 

compatibility. The obtained spectrums of active drug and physical mixture of drug and all 

excipients were revealed below. 
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4 Differential Scanning Calorimetry: 

Formulation of Inlay Tablet: 

Both a sustained release portion and immediate release granules were prepared by 

different proportions of polymers by wet granulation technique. 

A. Formulation of Immediate Release granules 

Carbamazepine drugs were shifted through 60 #mesh and all excipients were by 40 # 

mesh. The model formulations were consist of Carbamazepine, Avicel-101, Sodium 

starch glycolate . Loaded the materials of into V cone blender and mix for 20 mins. The 
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binding solutions were prepared by dissolving povidone K-30 in boiled water. After 

addition of binder solution with drug and excipients mixed until to got granules. Then 

the wet granules passed 20# sieve and loaded the wet granules of into hot air oven , dry 

until the moisture content of granules is NMT 1.0% . The dried granules again passed 

through 1.5 mm screen and sifted through # 20mesh sieve. Sifted Talc, magnesium 

stearate by # 40 mesh,into V-blender and mixed for 3 minutes at slow speed. Immediate 

release granules were prepared by wet granulation technique using different 

concentration of disintegration agent. 

The (Table 3) showing formulation of immediate release granules. 

  

B.Formulations of Sustained release core Tablets 

All ingredients except magnesium stearate and aerosil were weighed properly and mixed 

separately in mortar in geometric order .The Carbamazepine was sifted through #60 mesh, 

rest of all material by 40 # mesh.The model formulations consisted of drug like 

carbamazepine and polymers like ethyl cellulose,HPMC K 4 M, HPMC K 100 M ,DCP . 

Loaded the materials of into V cone blender in and mix for 20 mins. The binding agents 

were prepared by dissolving povidone K30 in boiled water and mix with ferric oxide . After 

addition of binder solution with drug and excipients were mixed until to got granules. Then 

the wet granules passed through 20# sieve ,loaded the wet granules of into hot air oven , dry 

until the moisture content of granules is NMT 1.0% . the dry granules are screened 1.5 mm 

and sifted through 20 # sieve. Lastly colloidal silicon dioxide, magnesium stearate passed 

through 40 # mesh and lubricants into V blender. Mixed for 3 minutes at slow speed. After 

SR granules prepared followed by compressed through Cadmech presscoata machine. 

(Table-4) 
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Carbamazepine Immediate Release Granules 

 

Formulation of Inlay Tablet: 

The final formulation of Inlay tablet includes both SR   core tablet and IR granules. Half of 

immediate release granules of carbamazepine is placed on lower of the die cavity and then 

sustained release core were putting being placed centrally over the Immediate release granules 

and it was compressed by using16×32’’round flat plain upper and lower punches. Feed frame 

was adjusted until optimized weight and hardness of the tablet results and Inlay tablets were 

formulated.
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Formulation 

Code 

 

Angle of 

repose 

 

Tapped 

Density 

 

Bulk 

Density 

 

Compressibility 

Index( %) 

 

Hausner’s 

Ratio 

 

Bulkiness 

 

% of LOD 

 

Dispensability 

(%) 

F1 28.34±0.45 0.452±0.04 0.382±0.01 15.48±0.44 1.183±0.01 2.61±0.01 1.24±0.01 82.04±0.02 

F2 24.56±0.18 0.456±0.06 0.367±0.03 19.51±0.21 1.242±0.01 2.72±0.02 1.21±0.01 76.89±0.52 

F3 27.42±0.26 0.468±0.05 0.374±0.04 20.08±0.13 1.251±0.23 2.67±0.02 1.36±0.01 79.45±0.21 

F4 26.13 ±0.25 0.457±0.02 0.366±0.02 19.91±0.24 1.248±0.05 2.73±0.01 1.29±0.01 76.23±0.11 

F5 26.03±0.06 0.489±0.04 0.387±0.02 20.85±0.27 1.263±0.01 2.58±0.021 1.15±0.01 78.66±0.21 

F6 28.64±0.15 0.453±0.02 0.358±0.08 20.97±0.11 1.265±0.03 2.79±0.08 1.27±0.01 79.01±0.03 

F7 24.32±0.11 0.483±0.01 0.389±0.01 16.34±0.17 1.301±0.01 2.69±0.06 1.78±0.01 80.22±0.05 

F8 25.67±0.14 0.475±0.03 0.391±0.02 17.68±0.18 1.214±0.02 2.55±0.01 1.26±0.01 80±0.04 

F9 26.53±0.09 0.476±0.02 0.384±0.01 19.32±0.12 1.239±0.01 2.60±0.05 1.38±0.01 81.66±0.12 

* F10 26.78± 
0.04 

0.433± 
0.05 

0.371± 14.31± 1.167± 
0.01 

2.69± 
0.01 

1.32± 
0.01 

81.58±0.02 

Micromeritic properties of carbamazepine immediate release granules 

Results: 

All the formulations from F 10 shown very good results for the above evaluation parameters. Compressibility index of all the formulations was found 

in between 12 to 15, indicates good compressibility index. Angle of repose of all forimulations are found to be < 30º C, declares that all the 

formulations are possessing excellent flow properties. And Hausner’s ratio of all formulations was found to be 1.0 to 1.2, which satisfies the limits of 

compressibility 
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Formulation 

Code 

Angle 

of repose 

Tapped 

density 

Bulk 

density 

Compressib 

ility Index 

( %) 

Hausner’s 

ratio 

Bulkiness % of LOD Dispersibility 

( %) 

F1 27.38±0.25 0.467±0.03 0.377±0.14 19.27±0.07 1.238±0.09 2.65±0.01 1.19±0.01 78.44±0.11 

F2 28.12±0.33 0.531±0.05 0.334±0.11 37.09±0.27 1.589±0.47 2.99±0.03 1.37±0.01 75.23±0.01 

F3 29.88±0.11 0.488±0.02 0.348±0.02 28.68±0.34 1.402±0.11 2.87±0.05 1.48±0.02 77.56±0.03 

F4 28.23±0.24 0.466±0.22 0.345±0.03 25.96±0.09 1.350±0.16 2.89±0.04 1.25±0.01 79.76±0.09 

F5 27.07±0.32 0.453±0.27 0.324±0.05 28.47±0.13 1.398±0.24 3.08±0.11 1.35±0.02 78.2±0.17 

F6 29.44±0.61 0.467±0.19 0.361±0.22 22.69±0.09 1.293±0.36 2.77±0.09 1.22±0.01 74.19±0.11 

F7 28.36±0.22 0.444±0.26 0.389±0.26 12.38±0.13 1.141±0.08 2.57±0.18 1.67±0.01 80.33±0.13 

F8 27.53±0.15 0.439±0.52 0.358±0.06 18.45±0.14 1.226±0.15 2.79±0.18 1.25±0.01 82.65±0.17 

F9 26.53±0.29 0.469±0.45 0.367±0.19 21.74±0.13 1.277±0.04 2.72±0.12 1.46±0.01 82.11±0.14 

*F10 25.67±0.27 0.423±0.38 0.364±0.47 13.94±0.11 1.162±0.03 2.74±0.17 1.17±0.01 81.24±0.14 

      

 

    

   Micromeritic properties of carbamazepine sustained release granules 
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Formulation 

Code 
Shape Diameter. Thickness Weight 

Varation 

Hardness Friability Drug content 

F1 Round biconvex 9.0±0.01 4.0±0.28 387±0.11 6.7±0.21 0.84±0.04 97.26±0.17 

F2 Round biconvex 9.0±0.02 4.1±0.34 390±0.01 7.0±0.14 0.79±0.01 95.19±0.13 

F3 Round biconvex 9.0±0.12 4.2±0.12 392±0.01 7.2±0.08 0.81±0.01 97.56±0.03 

F4 Round biconvex 9.0±0.21 3.9±0.12 385±0.02 7.6±0.11 0.54±0.03 97.13±0.16 

F5 Round biconvex 9.0±0.15 3.9±0.45 382±0.01 7.1±0.01 0.36±0.04 98.01±0.18 

F6 Round biconvex 8.9±0.09 4.2±0.33 390±0.02 7.2±00.12 0.36±0.12 97.41±0.37 

F7 Round biconvex 9.0±0.06 3.5±0.11 388±0.25 7.8±0.26 0.27±0.03 99.16±.0.22 

F8 Round biconvex 9.2±0.13 3.6±0.17 384±0.15 7..6±0.18 0.33±0.14 97.4±0.18 

F9 Round biconvex 9.1±0.09 3.8±0.12 392±0.16 7..7±0.37 0.28±0.29 99.58±0.29 

* F10 Round biconvex 9.0±0.15 4.0±0.01 387±0.17 7.8±0.03 0.46±0.18 99.44±0.12 

FR Round biconvex 9.0±0.24 4.0±0.01 387±0.17 7.8±0.03 0.38±0.26 99.38±0.25 

Evaluation of Carbamazepine sustained release tablets (200mg) 

 

Results: 

The shape of the tablets is found to be round and biconvex. The diameter and the thickness are found to be 9.6mm-9.9mm and 3.9mm-

4.2mm. The weight variation of the tablets is found to be within the limits that is 340±5mg. The hardness of the tablets is found to be within the 

range of 4-6 kg/cm2. The friability is less than 1%. The drug content is found to be 98.2 – 99.9. 
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Formulation 

Code 

Shape Diameter 

( mm ) 

Thickness 

(mm ) 

Weight 

varation 

(mg ) 

Hardness 

(Kg/cm2 ) 

Friability 

(%) 

Content 

Uniformity 

(%) 

F1 Round 13.0 4.1±0.02 618±0.11 6.7±0.24 0.63±0.04 98.53±0.30 

F2 Round 12.9 4.1±0.02 618±0.01 7.0±0.22 0.46±0.01 97.39±0.16 

F3 Round 13.0 4.0±0.02 617±0.01 8.6±0.08 0.32±0.01 97.45±0.11 

F4 Round 12.8 4.2±0.02 621±0.02 7.6±0.09 0.19±0.03 99.04±0.12 

F5 Round 12.6 4.3±0.02 623±0.01 6.5±0.07 0.31±0.11 98.01±0.18 

F6 Round 12.6 4.3±0.02 622±0.02 7.5±0.55 0.38±0.06 99.42±0.35 

F7 Round 12.6 4.3±0.02 622±0.25 7.8±0.26 0.12±0.05 99.37±0.27 

F8 Round 12.6 4.3±0.02 622±0.15 6.8±0.18 0.61±0.03 101.4±0.16 

F9 Round 12.8 4.2±0.02 621±0.16 6.5±0.37 0.64±0.04 99.78±0.25 

*F10 Round 12.9 4.1±0.02 618±0.17 7.5±0.03 0.42±0.03 101.1±0.12 

FR Round 12.9 4.1±0.02 618±0.11 7.7±0.03 0.41±0.03 99.91±0.09 

 

Result 

The shape of the tablets is found to be round and biconvex. The diameter and the thickness are found to be 9.6mm-9.9mm and 3.9mm-

4.2mm. The weight variation of the tablets is found to be within the limits that is 340±5mg. The hardness of the tablets is found to be within the range 

of 4-6 kg/cm2. The friability is less than 1%. The drug content is found to be 98.2 – 99.9 
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Standard Calibration Curve 

Standard Calibration Curve of carbamazepine in 0.1 N HCl 

The standard calibration curve of carbamazepine in 0.1 N HCl was developed in the 

concentration range of 2-10 µg/ml with suitable dilutions of same medium. And aliquots are 

observed for their absorbance under UV- spectrophotometer at an absorption maximum of 

285nm. The standard graph of carbamazepine in 0.1N HCl showed a good linearity with R2 

of 0.997, and the equation of graph is  y = 0.021x + 0.057 
 

SL.No Concentration(µg/ml) Absorbance 

 

1 
 

2 
 

0.104 

 
2 

 
4 

 
0.139 

 
3 

 
6 

 
0.183 

 

4 
 

8 
 

0.234 

 
5 

 
10 

 
0.271 

 

 

 

 

 

 

Absorbance 

 

 

 

 

 

 

 

 

 

 

 

 

 

Standard curve of Carbamazepine ( 0.1 N HCl) 

0.3 

0.25 

 

0.2 

y = 0.021x + 0.057 

R² = 0.997 

0.15 

 

0.1 

Series1 

Linear (Series1) 
0.05 

 

0 0 2 4 6 8 10 12 

Concentration 
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Standard Calibration Curve of carbamazepine in phosphate buffer pH 6.8 

The standard calibration curve of carbamazepine in phosphate buffer pH 6.8 buffer was 

developed in the concentration range of 2-10 µg/ml with suitable dilutions of same medium. 

And aliquots are observed for their absorbance under UV- spectrophotometer at an absorption 

maximum of 285nm. The standard graph of carbamazepine in 0.1N HCl showed a good 

linearity with R2 of 0.997, and the equation of graph is y = 0.024x + 0.053 

 

SL.No Concentration(µg/ml) Absorbance 

 

1 
 

2 
 

0.103 

 
2 

 
4 

 
0.141 

 
3 

 
6 
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4 
 

8 
 

0.235 

 
5 

 
10 
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Standard curve of Carbamazepine (phosphate 
buffer pH 6.8) 

0.3 0.25 
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y = 0.021x + 0.057 

R² = 0.997 

0.15 

 

0.1 
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Linear (Series1) 
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Concentration 
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Invitro drug release and data profiles 

The dissolution conditions are applicable for studying the drug release from tablets of 

Carbamazepine compressed tablets  are 

Apparatus: USP Type-1 ( Basket ) 

Agitation speed: 75 rpm 

Medium : 0.1 N HCl ,6.8 phosphate buffer 

Volume:900 ml Temperature: 37±0.5 0C Wave length : 285 nm 

Time point : 1hr,2hr ,3 hr,4 hr,5 hr,6 hr ,7th hr,8th hr ,9th The samples were withdrawn at 

predetermine time points,and were analyzed spectrophotometrically at 285 nm 
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Time F1±SD F2±SD F3±SD F4±SD F5±SD F6±SD F7±SD F8±SD F9±SD *F10±SD 

0 0 0 0 0 0 0 0 0 0 0 

0.25 0 0 0 10.31±3.1 0 0 8.99±3.2 0 0 0 

0.5 58.35±4.1 62.13±4.2 65.24±5.2 70.21±5.6 65.21±4.5 60.34±3.2 57.11±4.1 64.58±3.8 55.09±3.1 85.12±4.2 

2 75.23±5.2 80.45±5.5 85.12±2.3 90.37±3.2 85.44±5.2 82.12±4.1 84.38±4.2 84.22±4.1 68.33±2.9 99.05±4.4 

3 86.12±4.6 94.24±3.2 98.33±5.1 99.36±4.5 97.22±3.1 95.04±2.3 90.33±4.8 95.04±5.1 75.17±5.1 75.67±3.7 

4 98.31±3.1 99.33±5.1 57.44±5.7 55.75±5.6 50.26±4.2 56.78±4.4 97.44±3.7 98.67±3.7 80.19±4.9 76.08±5.1 

5 55.24±3.7 59.43±4.6 71.32±4.4 68.56±3.3 52.65±4.2 55.23±4.5 53.10±3.8 50.14±5.1 54.26±4.8 85.23±4.3 

6 68.28±2.6 72.23±5.2 82.44±4.9 77.47±5.1 58.45±4.1 59.88±5.1 59.77±3.1 57.23±3.8 64.22±3.9 91.64±3.9 

7 80.15±4.4 88.34±3.2 99.54±5.1 98.43±6 60.32±5.5 73.41±3.2 65.29±4.7 60.66±3.7 72.34±3.7 96.47±4.6 

8 91.32±4.4 101.24±3.9 ***** 100.01±3.1 69.33±2.2 77.15±3.8 70.44±5.1 68.19±4.6 89.15±2.9 97.19±2.9 

9 99.22±4.6 ****** ***** ****** 84.46±4.7 83.46±4.1 84.38±5.3 79.49±5.1 95.17±4.8 99.13±3.9 

10 ****** ****** ****** ******** 90.54±3.2 87.65±4.8 88.00±3.9 85.65±3.9 99.24±3.9 101.1±4.3 

 Dissolution Study of Carbamazepine Chrono Tablets 
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In-vitro study: 

Ten number of formulation batches of bilayer carbamazepine tablets (600 mg) were 

prepared by wet granulation method. Outermost comprised of quick releasing layer and 

inner core has meant to sustain the drug release for time period of 10 hours. Sodium 

starch glycolate was selected as super disintegrating agent, ranging from 6 to 10.5 mg in 

outer quick disintegrating layer. Meanwhile the amount of binding agent, Povidone K-30 

remained to be constant in all batches. Micro crystalline cellulose (AVICEL-101) was 

selected as diluent ranging from 10.5 to 15 mg in all batches. In- vitro release pattern for 

outer layer was studied in USP dissolution type-II (Paddle type) for period of 2 hours in 

0.1 N HCl. During initial half an hour 55 to 90% of drugs were released and at the end of 

two hour maximum of 99 % and least of 68% of drug was released for formulation F10 

and F3 respectively. From F4 a sudden release of 10% was observed, which may be the 

bursting of outermost layer of tablet. Result showed as the amount of SSG increased, the 

quicker the drug released. Whereas in F3 and F9 contradictory to the above mentioned 

result observed. This may be the possible influence of Avicel-101. Because, researches 

already proved that Avicel has both the property of binding and disintegrating. 

Further in-vitro release was studied in Phosphate buffer PH6.8 for 10 hours. The inner 

layer contained Di calcium phosphate as filler, HPMC K4M, HPMC K100M and EC 

were selected as rate controlling polymers at variable proportions. A quicker and 

maximum of 102 % of drug release was observed in 7th hour for F3 and least of 85 %of 

drug release was observed in F8 at the end of 10th hour. A comparison was made between 
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F4 and F5, 100% drug was released in F4 but in F5 only 90% released was observed. 

Another result was noticed that in F7 as drug released 88%, but in F8 only 85% drug 

released, though lack of HPMC K100M in latter formulation. This may be the possible 

reason that HPMC K4M has better rate retarding property than K100M.Data showed the 

quicker drug releases were observed in HPMC K4M and K100M. But in combination with 

EC slower drug release were noticed, as EC is hydrophobic in nature and difficult to form 

channel through inner core. Whereas, in caseof hydrophilic polymers (HPMC K4M and 

K100M), they draw surrounding medium and forms channel. Among all formulation F10 

was selected as best batch, as 99% of drug was released at 2nd hour and followed by 101.1% 

at the end of 10 hours 

Kinetic release data 
 

 

Formulation code 
 

Zero order model 

 
First order model 

 
Higuchi model 

 
Korsmeyer-Peppas 

model 

F1 
0.988 0.923 0.987 0.931 

F2 
0.974 0.893 0.987 0.893 

F3 
0.980 0.811 0.989 0.936 

F4 
0.977 0.884 0.99 0.896 

F5 
0.928 0.810 0.982 0.786 

F6 
0.919 0.971 0.991 0.788 

F7 
0.943 0.945 0.978 0.843 

F8 
0.993 0.837 0.985 0.878 

F9 
0.995 0.775 0.986 0.879 

* F10 
0.997 0.702 0.987 0.875 
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Discussion 

The data obtained from in‑vitro dissolution studies were fitted to zero‑order, first‑order, 

and Higuchi release kinetics. During study all the formulations obeyed either zero order 

or Higuchi pattern. The best fit with higher correlation coefficient (r2 > 0.99) was found 

with Zero order’s equation for F10. To confirm the exact mechanism of drug release, the 

data were fitted by Korsmeyer–Peppas equation. Regression analysis was performed and 

values of regression coefficient (R2) were ranged from 0.78 to 0.93 for different 

formulations and slope of 0.43 < n < 0.54. Hence, it can be inferred that the release was 

based on Fickian and anomalous transport. On the basis of the above results, F10 was 

selected as a promising formulation for further studies. 

STABILITY TESTING 

WHO Guidelines for stability testing of pharmaceutical products containing well 

established drug substances in conventional dosage forms.Stability studies should 

include testing of those attributes of the FPP that are susceptible to change during 

storage and are likely to influence quality, safety and/or efficacy. For instance, in 

case of tablets: Appearance , Hardness, Friability, Dissolution as well as Assay 

CONCLUSION 

➢ The objectives of the thesis is to develop and assess chronomodulated formulation, 

combination of one dosage form having two releases immediate and sustained release 

core are to delivered a quick and steady of drug in the GIT, which allowed for the 

sustained absorption and maintained at constant plasma concentrations,which is having a 

narrow therapeutic range. The reduced plasma fluctuations level,that will decrease the 

incidence and severity of associated side effects such as drowsiness, ataxia, diplopia, since 

these side effects are dose-dependent. 

➢ Optimized formulation was preserved under accelerated conditions showed the 

greatest increase in moisture content,drug content & dissolution of tablets . It is stored 

under ambient conditions had a moisture content well within specification. The stability 

study depends on humidity and temperature .The relative Humidity 25 ± 2°C/60 ± 5% ,30 

± 2°C/65 ± 5% RH, and 40 ± 2°C/75 ± 5% RH respectively. Twenty tablets of of 
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optimized formulation batch was packed by aluminum blister and placed in humidity 

chamber. There was no significance change in crushing strength and drug assay at a 

regular interval of 3rd ,6th & 12th months during the study of one year. The formulation 

F10 was stable after one year of stability period. 
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