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Abstract 
Arthritis is a chronic inflammatory disease, which exhibits circadian rhythms. The symptoms of 
disease are severe in the early morning hours. The chronotherapy of arthritis involves administration 
of dosage form in the correct time so that maximum plasma concentration of the drug is available in 
the early morning hours to reduce the severity of the disease. In the present study, an attempt was 
made to develop a formulation based on controlled release solid dispersion, which can release 
maximum drug in the early morning hours, when administered at bedtime. Ibuprofen was used as 
model drug. Solid dispersions were prepared using Eudragit L100 and S100 in different ratios to 
control the drug release. The prepared solid dispersions were converted into granules and then 
compressed into matrix tablets using rotary tablet press. The tablets were evaluated for content 
uniformity, hardness, friability and in vitro dissolution profiles. There was no drug release in the gastric 
pH (pH 1.2), whereas, it was found to occur in the intestinal pH (pH 7.4). Maximum release of drug 
was found to occur at 10th h of dissolution. The percentage release Vs time plots were linear, 
confirming diffusion controlled drug release. For determination of release mechanism, the data was 
plotted according to Highuchi’s and Peppa’s equations. In both these cases, the plots were linear. The 
Peppas’ plots had slope values more than 1, indicating anomalous, non-Fickian diffusion. Since the 
formulation did not release the drug in gastric pH, the gastric irritation produced by the drug can also 
be overcome by the use of this tablet. 
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INTRODUCTION 
Circadian rhythms are observed in patients with chronic inflammatory diseases such as arthritis.1 The 
marker symptoms of arthritis include morning stiffness, joint pain and functional disability. The patients 
experience all these symptoms in the early morning hours due to the effect of cytokines, mainly, Tumor 
necrosis factor alpha (TNF-alpha) and Interleukin-6 (IL6).2,3 The diurnal variations cause larger 
amplitudes of arthritis pain with the patient’s condition being poor in the early morning and being mild or 
moderate in the early evening. Patients with arthritis experience maximum stiffness at 0600 h and 
maximum pain at 0800 h and maximum functional disability at 0600 h. Grip strength has been reported 
to reach a minimum at 0600-0800 h.2-4  
 
Chronotherapy of arthritis involves determining the best time to administer various types of medicines to 
enhance their desired effects and avoid or minimize unwanted ones. Huskisson has reported that an 
evening once-a-day treatment with non-steroidal anti-inflammatory drugs (NSAID) such as indomethacin 
was much more effective in controlling the prominent morning symptoms of rheumatoid arthritis than a 
morning administration.4 He has also reported that the patients exhibited higher tolerance to the side 
effects of NSAIDs when drug was administered as a single daily dose in the evening than morning.4 In 
another study, flurbiprofen was found to control the morning symptoms of arthritis better when 
administered in the evening or at bedtime, rather than administration in the morning.2  
 
Solid dispersions are mainly used for increasing the solubility and dissolution behavior of drugs. But, 
there is an increasing interest in the development of solid dispersions using water-insoluble carriers to 
produce controlled release dosage forms. For such preparations, enteric coating materials such as HP-50, 
HP-55, CAP and Eudragit can be used.5 In the present study, solid dispersion technique was employed to 
prepare a controlled release dosage form for ibuprofen by using Eudragit L100 and S100 as carriers, 
followed by conversion of the solid dispersions into controlled release matrix tablets.  
 
Ibuprofen is a well-established non-steroidal antiinflammatory drug. Its mode of action may be related to 
prostaglandin synthetase inhibition. It is indicated for the relief of signs and symptoms of rheumatoid 
arthritis and osteoarthritis.6-9 The most frequent adverse effects of ibuprofen include epigastric pain, 
heartburn, ulceration, abdominal distress and indigestion.6-9 Hence, it was selected as a suitable model 
drug for the development of chronotherapeutic system for arthritis. Since Eudragit L100 and S100 were 
used as carriers, it was expected that the drug release can occur only in the intestinal pH, thus avoiding 
gastric exposure of the drug, which in turn, may overcome the gastrointestinal adverse effects of the drug. 
 

MATERIALS AND METHODS 
Ibuprofen was obtained as gift sample from Tablets India Ltd., Chennai (India). Eudragit L100 and S100 
were purchased from Merck (Germany). All other chemicals and reagents used in the present study were 
of AR grade and were procured from SD Fine Chem, Mumbai (India). 
 

Preparation of Controlled release Solid Dispersions  
Different proportions of ibuprofen and carriers (1:1, 1:1.5, 1:2 and 1:2.5 w/w) were mixed and heated to 
melt. The molten mass was cooled and solidified immediately using ice-bath and vigorous stirring. Then, 
the solid mass was crushed and passed through British Standard Sieve (BSS) number 120.5  
 

Drug-Polymer Compatibility 
After preparation of solid dispersions, to ascertain the absence of drug degradation and drug-carrier 
interaction, FTIR spectra of pure drug and solid dispersion (with drug-carrier ratio 1:1) were recorded and 
studied for any appearance or disappearance of peaks, or any peak shifting.  
 
To determine the absence of drug-carrier interaction, TLC studies were also carried out.5 Silica Gel G 

plates activated at 121 C were used as stationary phase. Pure drug and solid dispersion (drug-carrier ratio 
1:1) were spotted on each plate. The solvent system used was n-hexane: ethyl acetate: glacial acetic acid 
(75:25:5 v/v/v). After the development of chromatogram, Rf values for pure drug and solid dispersions 
were calculated. 
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Preparation of Solid Dispersion Incorporated Matrix Tablets 
The formula used for the preparation of matrix tablets is given in Table 1. Polyvinyl pyrrolidone (PVP) 
was used as binder, microcrystalline cellulose (MCC, Avicel PH101) was used as diluent and magnesium 
stearate was used as glidant. Water was used as solvent for granulation wet granulation was followed for 
the preparation of granules. Eight batches of granules were prepared; four batches incorporating solid 
dispersions prepared with Eudragit L100 and remaining four batches incorporating solid dispersions 
prepared with Eudragit S100. The average particle size, size distribution and flow properties of the 
granules were evaluated.10 The granules were mixed with magnesium stearate and matrix tablets were 
compressed using a ten-station rotary tablet press (Cadmach, Ahmedabad, India).  
 
Table 1 Formulation of solid dispersion-incorporated matrix tablets of ibuprofen 
 

Ingredients 

Quantity per tablet (mg) in different batches* 

B1 / B5 
(1:1) 

B2 / B6 
(1:1.5) 

B3 / B7 
(1:2) 

B4 / B8 
(1:2.5) 

Solid dispersion  
(equivalent to 200 mg drug) 

400 500 600 700 

Polyvinyl pyrrolidone (PVP) 100 100 100 100 

MCC  480 380 280 180 

Magnesium stearate 20 20 20 20 

Total weight of tablet (mg) 1000 1000 1000 1000 

* Batches B1-B4 represent Eudragit L100 and B5-B8 represent Eudragit S100 
 

Evaluation of Solid Dispersion Incorporated Matrix Tablets 
The prepared tablets were evaluated for content uniformity, friability, hardness and in vitro dissolution 
profile. To determine the drug content in the matrix tablets, five tablets were powdered and the powder 
equivalent to 200 mg of ibuprofen was dissolved completely in 100 mL of phosphate buffer (pH 7.5), 

shaken in metabolic shaker for 1 h at 37 C and then analyzed using UV-Visible spectrophotometer 
(1700, Shimadzu, Japan) at 221 nm. The hardness of tablets was measured by using a tablet hardness 
tester (1217, Electrolab, Mumbai, India) and the friability was measured by using a tablet friability tester 
(EF2, Electrolab, Mumbai, India).  
 

In vitro Dissolution Profile 
In vitro dissolution studies were carried out using USP dissolution apparatus type II (TDT08L, Electrolab, 
Mumbai, India) employing half dilution method to simulate the conditions of gastrointestinal tract.11 For 
first 3 h, dissolution was carried out at pH 1.2. At the end of 3 h, half volume of the medium was 
removed by filtering and replaced by equal amount of buffer of pH 9.3 to get an effective pH of 7.4 in 
the dissolution medium. The dissolution was carried out at this pH for 7 h. The drug content in the 
withdrawn samples was analyzed after suitable dilution spectrophotometrically at 221 nm.  
 

Dissolution Kinetics 
To determine the mechanism of drug release from the matrix tablets, the dissolution data was fit 
according to Higuchi’s and Peppas’ equations.12,13 The linearity of the plots was determined by regression 
analysis. The slope and intercept values were determined using which, the mechanism of release was 
predicted. 
 

RESULTS AND DISCUSSION 
Two batches of solid dispersions were prepared and studied for drug-carrier interaction using FTIR peak 
matching and TLC studies. In the FTIR spectrum of ibuprofen, the characteristic peaks included those at 
1720.59, 1420.55, 1183.66 and 779.68 cm-1. In the FTIR spectra of solid dispersions prepared with L100 
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and S100, all these characteristic peaks of ibuprofen were present (spectra not shown). Also, there were 
no major peak shifts in the spectra. Hence, it was concluded that there was no interaction between drug 
and the carriers. In the TLC studies, there was little reduction in Rf values of the solid dispersions when 
compared to pure drug (Table 2), which confirmed that there was no drug degradation or drug interaction 
with the carriers used.  
 
The results of evaluation of granule properties are shown in Table 3. The average particle size of all 
batches of granules was 0.21 mm, except B6, which was 0.18 mm. In the size distribution analysis, it was 
found that in all the prepared batches, major portion (88.91-96.42%) of granules was within a size range 
of 0.135-0.215 mm, which indicated a narrow size distribution. The uniform granule size indicates 
uniform die filling and uniform dissolution rates. All the batches of granules exhibited angle of repose 

values between 25 and 30, indicating good flow (Table 3). 
 
The physicochemical properties of different batches of tablets are given in Table 4. The drug content of 
all the batches of matrix tablets was in the range of 98.15-98.84, which was within the pharmacopoeial 
limits. The tablet hardness values varied between 5 and 8 kg/cm2, which were ideal for controlled release 
matrix tablets. The friability values were less than 0.5%, indicating that these tablets can withstand the 
abrasion during processing and handling. 
 
In the dissolution studies, the tablets did not release drug when dissolution was carried out in acidic pH. 
The drug was released only in the intestinal pH. The dissolution data was plotted as cumulative 
percentage of drug release against time (Fig 1 and 2). All these plots were linear, indicating that the drug 
release is mainly by diffusion. To confirm the linearity of these plots, regression analysis was done on all 
the dissolution data and the regression coefficients for all the plots were between 0.97 and 0.98, indicating 
linearity and zero order kinetics of drug release (Table 5). In both the cases of Eudragit L100 and S100, 
the drug release got retarded with increase in carrier concentration. However, this retardation was not 
significant.  
 
Table 2 Rf values of pure ibuprofen and solid dispersions  
 

Sample Rf Value 

Pure Ibuprofen 0.83 

Solid dispersion with Eudragit L100 0.79 

Solid dispersion with Eudragit S100 0.78 

 
 
Table 3 Pharmaceutical properties of different batches of granules incorporating ibuprofen solid 
dispersions 
 

Parameter B1 B2 B3 B4 B5 B6 B7 B8 

Average particle size 
(mm) 

0.21 0.21 0.21 0.21 0.20 0.18 0.21 0.21 

Percentage of granules 
in the size range 0.135-
0.215 mm 

96.42 92.83 91.71 88.91 95.85 91.94 92.07 93.56 

Repose angle  26 2510 277 2811 2439 2610 2653 2819 
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Table 4 Physicochemical properties of different batches of matrix tablets incorporating controlled release 
solid dispersions of ibuprofen 
 

Parameter B1 B2 B3 B4 B5 B6 B7 B8 

Drug content  
(% of label claim) 

98.54 
(0.05) 

98.46 
(0.42) 

98.62 
(0.43) 

98.82 
(0.21) 

98.60 
(0.48) 

98.15 
(0.33) 

98.61 
(0.20) 

98.84 
(0.24) 

Hardness 
(kg/cm2) 

5.0 
(0.41) 

6.0 
(0.41) 

6.0 
(0.41) 

7.0 
(0.41) 

5.5 
(0.20) 

7.0 
(0.40) 

7.4 
(0.06) 

8.0 
(0.40) 

Friability (%) 0.16 0.20 0.24 0.35 0.14 0.19 0.30 0.36 

Values in the parentheses represent SEM; n = 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 1 In vitro dissolution profiles of different batches of matrix tablets incorporating Eudragit L100 solid 

dispersions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 2 In vitro dissolution profiles of different batches of matrix tablets incorporating Eudragit S100 solid 

dispersions 
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For confirmation of mechanism of release, the dissolution data was plotted according to Higuchi’s 
equation (cumulative percentage of drug released Vs square root of time), which gives steady state drug 
release. These plots are shown in Fig 3. All the plots were linear, with regression values between 0.94-
0.95, indicating linearity and diffusion controlled drug release (Table 5).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 3 Higuchi’s plots for the dissolution of ibuprofen from controlled release solid dispersion-
incorporated matrix tablets (a) Batches of Eudragit L100 (b) Batches of Eudragit S100 

 
To verify whether diffusion is Fickian or anomalous, the release data was also plotted according to 
Peppa’s equation (log cumulative percentage of drug release against log time). Here also, all the plots 
exhibited perfect linearity (regression coefficient values between 0.98 and 0.99, Table 5), confirming the 
diffusion-controlled release.  
 
According to Peppa’s equation, if the slope value of log-log plots is less than or equal to 0.5, the 
mechanism of release is diffusion without swelling. If slope value is between 0.5 and 1, the mechanism of 
release is diffusion with swelling and if slope value is greater than 1, the release is anomalous non-Fickian 
diffusion.13 In the present study, all the log-log plots had slope values above 1 (Table 6), which indicates 
that the mechanism of drug release from the matrix tablets is anomalous, non-Fickian diffusion. Hence, 
the drug was released from the matrix tablets following zero order kinetics, the mechanism being non-
Fickian anomalous diffusion. 
 
 

 
 
Fig 4 Peppas’ plots for the dissolution of ibuprofen from controlled release solid dispersion-incorporated 

matrix tablets (a) Batches of Eudragit L100 (b) Batches of Eudragit S100 
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Table 5 Linear regression coefficient values of different plots based on the in vitro release data of 
ibuprofen from matrix tablets incorporating solid dispersions 
 

Type of Plot 

Linear Regression Coefficient Values (r) 

B1 B2 B3 B4 B5 B6 B7 B8 

Percentage 
release plots 

0.9729 0.9730 0.9730 0.9822 0.9720 0.9740 0.9721 0.9721 

Higuchi’s 
plots 

0.9528 0.9527 0.9518 0.9479 0.9573 0.9563 0.9544 0.9508 

Peppas’ 
plots 

0.9965 0.9945 0.9923 0.9926 0.9956 0.9961 0.9913 0.9863 

 
 
Table 6 Slope values of Peppas’ plots for different batches of controlled release solid dispersion-
incorporated matrix tablets of ibuprofen 
 

Batch 
Code 

Drug: 
Polymer 
Ratio 

Slope values of Peppas’ plots 

Eudragit-L100 Eudragit-S100 

B1 / B5 1:1 1.7816 1.6759 

B2 / B6 1:1.5 1.8193 1.7032 

B3 / B7 1:2 1.8854 1.8177 

B4 / B8 1:2.5 1.9588 1.9623 

 
 

CONCLUSION 
The present study attempted the development of a formulation based on controlled release solid 
dispersion, which can release maximum drug in the early morning hours, when administered in the late 
evenings (around 2100 h). This system can be used for the chronotherapy of arthritis. Also, since 
Eudragit L100 and S100 were used as carriers, ibuprofen was not released in gastric pH, which can 
overcome the gastrointestinal side effects of the drug, such as gastric irritation and ulceration. 
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