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ABSTRACT 

Traditionally experimental methods in the pharmaceutical 
formulation development involve significant amount of time 
and efforts to get an optimized dosage form. It is very 
much desirable as per industrial perspective to obtain 
suitable, optimized and stable formulation with minimum 
amount of time and effort. The purpose of this study was to 
study the synergic effect of natural disintegrants and 
central composite design in optimization of diclofenac 
sodium orodispersible tablets. In this study, central 
composite design was applied to study the effect of natural 
disintegrant as independent variables i.e. seed mucilage of 
Plantago ovata, and seed mucilage of Ocimum basilicum. 
Diclofenac sodium orodispersible tablets were prepared by 
direct compression method on Cadmech single punch 
machine using flat 8-mm punches and characterized for the 

dependent variables like disintegration time and cumulative 
percent drug released after 25 minutes. Optimization study 
by multiple regression analysis revealed that, 6% of 
Plantago ovata and 5% Ocimum   basilicum was found to 
be optimum which has disintegrated in 36 secs and 
cumulative percent drug released was 99.2% at               
25 minutes. A checkpoint formulation was prepared to 
prove the validity of the evolved mathematical model. 
These findings suggest that synergic effect of natural 
disintegrants of Plantago ovata and Ocimum   basilicum 
employed with systematic experimental design approach 
have greater influence in optimization of diclofenac sodium 
orodispersible tablets. It is likely that this formulation 
technology can be exploited for commercial production of 
dispersible tablets. 
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Introduction 
Diclofenac sodium, a phenyl acetic acid derivative is a 

NSAID with a potent cyclooxygenase inhibiting action, 
prescribed for long term treatment of rheumatoid 
arthritis, osteoarthritis and ankylosing  spondylitis. 
Diclofenac when administered orally is well absorbed and 
undergoes extensive first pass metabolism resulting a 
terminal half life of 1 to 2 hours, which requires frequent 
administration of 50 mg thrice a day. Gastrointestinal 
side effects such as bleeding, ulceration or perforation of 
the intestinal wall are commonly seen when the drug is 
administered orally (Todd and Sorkin, 1988). 

The orodispersible tablets are solid dosage form 
containing active therapeutic agent , which disintegrates 
rapidly, usually within a matter of seconds, even without 
need of water or chewing, usually superdisintegrants are 
added in formulation to facilitate break-up and  
disintegrate rapidly into smaller particles. Super-
disintegrant is an excipient, which is added in lower 
concentrations to a tablet or capsule blend to aid in the 
breakup of the compacted mass when it is put into a fluid 
environment (Ainley and  Paul , 1994; Shirsand et al., 
2010). The response surface designs (RSM) are most 
widely used statistical experiment designs in 
optimization experiments. It explores the relationship 

between several independent variables and one or more 
response of dependent variables. RSM is a collection of 
both statistical and mathematical techniques, which is 
useful for developing, improving and optimizing of 
processes. Different types of RSM designs include 3 level 
full factorial design, Central composite design, Box-
Benken design, D-Optimal design etc. RSM is employed 
when only few significant factors are involved in 
optimization of a process. The techniques involve 
minimum experimentation and time. This experiment 
was done by central composite design using Design 
expert 8.0.4 U.S.A software (Dave et al., 2004; Singh et 
al., 2005; Mukerjee , 2006). 

Central composite design is one of the best tools 
available for studying the effect of different variables to 
determine the evaluation parameters of any formulation. 
The multiple regression analysis of the results gave 
equation which described the influence of the 
independent variables on the selected responses. 
According to central composite design in the present 
study, two independent factors of formulation were 
evaluated, each at 3 levels (low, medium, high) and 
experimental trials were performed in all 13 
formulations. The amounts of seed mucilage of Plantago 
ovata (X1) and seed mucilage of Ocimum basilicum (X2) 
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were selected as independent variables. The disin-
tegration time (Y1) and cumulative % drug released after 
25 minutes (Y2) were taken as dependent variables 
(Pahwa et al., 2011). 

Materials and Methods 
Materials 
Diclofenac sodium, magnesium stearate, mannitol, 

talc, aerosil were obtained from Lobachem, Mumbai as 
gift samples. A packet of 100 gm of Plantago ovata seed 
was procured from the local market. The seeds of 
Ocimum basilicum collected from our institutional 
botanical garden. Other materials used in the study were 
of industrial grade. 

Central composite design 

A central composite  design with  α = 1 was employed 
as per protocol, where the amounts of  seed mucilage of 
Plantago ovata (X1) and seed mucilage of Ocimum 
basilicum (X2) were selected as the factors, studied at 3 
level each. All other parameters related to the 
formulation and processing variables were kept invariant 
throughout the study. As per the central composite 
design, 13 experimental runs were carried out with their 
independent factors combination and the translation of 
the coded levels to the experimental units, are shown in 
Table 1 and Table 2. Disintegration time (Y1) and 
cumulative % drug released (Y2) were taken as response 
variables. The response surface graphs and 
mathematical models were obtained by Design Expert 
8.0.4 software (Singh et al., 2005). 

TABLE 1 

Factor combination as per the central composite design. 

Trial No. 
Coded factor Levels 

X1 X2 
F1 -1 -1 
F2 0 -1 
F3 1 -1 
F4 -1 0 
F5 0 0 
F6 1 0 
F7 -1 1 
F8 0 1 
F9 1 1 

F10 0 0 
F11 0 0 
F12 0 0 
F13 0 0 

X1: Seed mucilage  concentration of Plantago ovata (POM) 

X2: Seed mucilage  concentration of Ocimum basilicum(OBM) 

 

TABLE 2 

Translation of coded values. 

Coded level -1 0 1 

X1 (POM) 4% 6% 8% 
X2(OBM) 3% 4% 5% 

X1 : Seed mucilage  concentration of Plantago ovata (POM) 
X2 :Seed mucilage  concentration of Ocimum basilicum(OBM) 

Preparation and isolation of mucilage 

Isolation of mucilage of Plantago ovata 
Crushed Seeds of Plantago ovata were soaked in 

distilled water for 48 h and then boiled for few minutes 
so that mucilage was completely released into water. The 
material collected was squeezed through muslin cloth for 
filtering and separating out the marc. Subsequently, an 
equal volume of acetone was added to the filtrate so as to 
precipitate the mucilage. The separated mucilage was 
dried (in an oven at temperature less than 60º C), 
powdered, sieved (#80) and stored in a desiccator until 
further use (Shirsand et al., 2009; Rao et al., 2010). 

Isolation of mucilage of Ocimum basilicum 

Crushed seeds of Ocimum basilicum were soaked in 
distilled water. The wet material was spread in thin 
layer in a stainless steel tray and dried at 60º C. The 
seeds along with the mucilage were scraped with a 
stainless steel spatula and passed through 30-mesh 
screen. The mucilage was freed from particulate 
contamination of seed by winnowing and was passed 
through 60-mesh screen (Kumar et al., 2007). 

Drug   and natural disintegrant compatibility study 

The compatibility of drug and natural disintegrants 
under experimental conditions was conducted using 
FTIR studies (FT-IR, Spectrum RX1, Perkin Elmer Ltd, 
Switzer-land). In the present compatibility study, the 
potassium bromide disc (pellet) method was employed. 
The FTIR spectrum of Diclofenac sodium individually 
and combination of Diclofenac sodium with Plantago 
ovata mucilage powder and Ocimum basilicum mucilage 
powder were scanned. 

Preparation of dispersible tablets 

All the ingredients were passed through sieve no.40. 
Diclofenac sodium, Plantago ovata mucilage powder, 
Ocimum basilicum mucilage powder, Lactose were mixed 
in a blender by adding starch paste(10%). Then the wet 
mass was passed through sieve number 12 and dried in a 
hot air at 45 oC for 30 mins. The dried granules passed 
through sieve no.22 and mixed with the rest of the 
ingredients. Mixture was then compressed using 
Cadmach single punch tablet compression machine by 
using 6 mm punch (Patro et al., 2011). The composition 
of formulations is given in the Table 3. 

TABLE 3 

Diclofenac orodispersible tablets formulations contain natural disintegrants and all other ingredients in ‘mg’. 

Formulation Diclofenac Sodium Starch paste POM OBM Lactose Magnesium stearate Talc Aerosil 
F 1 50 q.s. 4 3 38 2 2 1 
F 2 50 q.s. 6 3 36 2 2 1 
F 3 50 q.s. 8 3 34 2 2 1 
F 4 50 q.s. 4 4 37 2 2 1 

Table 3 contd… 



2174 Int J Pharm Sci Nanotech     Vol 6; Issue 3 • October−December 2013 

Formulation Diclofenac Sodium Starch paste POM OBM Lactose Magnesium stearate Talc Aerosil 
F 5 50 q.s. 6 4 35 2 2 1 
F 6 50 q.s. 8 4 33 2 2 1 
F 7 50 q.s. 4 5 36 2 2 1 
F 8 50 q.s. 6 5 34 2 2 1 
F 9 50 q.s. 8 5 32 2 2 1 
F 10 50 q.s. 6 4 35 2 2 1 
F 11 50 q.s. 6 4 35 2 2 1 
F 12 50 q.s. 6 4 35 2 2 1 
F 13 50 q.s. 6 4 35 2 2 1 

Total weight of each tablet was 100 mg 
POM  : Seed mucilage  concentration of Plantago ovata 
OBM :  Seed mucilage  concentration of Ocimum basilicum 

Evaluation of prepared tablets   

 The prepared compressed tablets were exposed to 
various evaluation tests such as thickness, weight 
variation, hardness and friability test. Thickness 
was determined using vernier caliper. Hardness was 
determined by using the Monsanto hardness tester. 
Friability was measured using a Friability tester 
(Electro Lab) as described previously (Patro et al., 2011).  

Disintegration time test 

 A modified method was used to determine the 
disintegration time of the tablets simulating the 
conditions similar to mouth cavity or oral cavity 
absorption. To assess disintegration time, 6 ml of 
simulated saliva fluid  at 37 ± 0.5oC was placed inside a 
10 ml cylindrical glass vessel in such a way that 2 ml of 
the media was below the sieve and 4 ml above the sieve. 
One tablet was placed on the sieve and the whole 
assembly was then mounted on a high precision water 
bath shaker (Narang Scientific Works, India). The time 
taken for all the particles to pass through the sieve was 
noted as the disintegration time of the tablet. Six tablets, 
selected randomly from each batch, were tested and the 
mean value was calculated (Sharma et al., 2010). 

In vitro dissolution study 

Dissolution study was carried using USP Type II 

dissolution apparatus. Three tablets were taken from 
each formulation and the dissolution was carried out in 
pH 6.2 buffer solution as dissolution medium (pH of 
saliva). 5ml samples were collected at 2,5,10,15 and 25 
minute time intervals and after proper dilution they 
were analyzed at 276 nm against the blank pH 6.2 buffer 
solution using an Elico UV double beam Spectro-
photometer(Rishabha et al., 2010).     

Results and Discussion  

Drug-excipients compatibility study 

Based on the FTIR spectrum of the drug and natural 
disintegrant compatibility studies revealed that there 
appears to be no possibility of interaction between 
Diclofenac sodium with Plantago ovata mucilage powder 
and Ocimum basilicum mucilage powder. In this 
compatibility study no change or shift in the 
characteristic peaks of drug was noticed. The spectrums 
were shown in Figure1, 2 and 3. Significant peaks of 
Diclofenac sodium 3259 cm-1(N-H Strching 2º amine), 
1573 cm−1 (– C=O stretching of carboxyl ion) and             
748 cm−1(shown in the Table 4), were retained in the 
pure drug and its combinations of  disintegrants, 
indicating absence of incompatibility. 

 
 

 

 
 

 

 

 

 

Fig.1.  FT-IR spectrum of diclofenac 
sodium. 
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Fig. 2. FT-IR spectrum of 
diclofenac sodium with Plan-
tago ovata mucilage  powder. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. FT-IR spectrum of 
diclofenac Sodium with 
Ocimum basilium mucilage 
powder. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 4. FT-IR spectrum of 
optimized diclofenac sodium 
dispersible tablet F(opt).  
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TABLE 4 

Principal peaks of diclofenac sodium. 

Peaks (cm-1) Functional Groups 
3259 N-H Strching 2º amine 
1573 - C=O streching of carboxyl ion 
748 -C-Cl Streching 

Formulation and optimization study 
A response surface model central composite design 

with 2 independent variables at 3 different levels was 
used to study the effects on dependent variables. All the 
batches of dispersible tablets were evaluated for 
disintegration time and Cumulative % drug released in 
25 minutes. The dependent variables (Y1:disintegration 
time and Y2:Cumulative % drug released) obtained at 
various levels of the 2 independent variable (X1: seed 
mucilage of Plantago ovata (POM)and X2: seed mucilage 
of Ocimum basilicum (OBM) were subjected to multiple 
regression to yield a second order polynomial equation. 
All the evaluation parameters were done according to 
Indian Pharmacopoeia shown in Table 5. 

Average weight of the formulations obtained of all the 
experimental runs had a range of 98.4-102 mg. The slight 
tablet weight variation was found which may be due to 
bulk density variation. Tablet thickness had a range 
1.76-1.86 mm. The hardness of all formulations varies 
3.2-5.1 kg/cm2. The percentage friability was found less 
than 1% for all the formulations and the values obtained 
lies within 0.58-0.97%.   

From the polynomial equations it is clear that both 
the responses are strongly affected by the variables 
selected for the study. This was also reflected by the wide 
range of values for coefficients of the terms of equation.  
Disintegration time (Y1) = +42.93 –12.0*POM–9.5*OBM 
+ 3.0*POM*OBM + 8.24*POM2 + 3.74*OBM2 + 3.0*POM2 

*OBM + 2.0*POM*OBM2       .....(1) 
Cumulative % drug released(Y2)  = +98.15 + 2.35*POM + 
1.30*OBM–0.85*POM*OBM–1.88*POM2-0.531*OBM2 + 
0.35*POM2*OBM-0.05*POM*OBM2        .....(2) 

In polynomial equation the main effect terms Plantago 
ovata (POM) and Ocimum basilicum (OBM)) represents 
the average results of changing one at a time from its low 
to high level. The interaction in terms of POM and OBM 
show how the disintegration time and cumulative % drug 
released changes when two variables are simultaneously 

changed. The negative coefficient for two independent 
variables indicated a favorable effect on the disintegration 
time while the positive coefficients for interaction between 
two variables (POM * OBM) indicated an unfavorable 
effect on disintegration time. The positive coefficients of 
two independent variables indicated a favorable effect on 
the cumulative % drug released while the negative 
 coefficient for the interaction between two variables have 
demonstrated an unfavorable effect on drug release. 
Among the 2 independent variables P< 0.0001 indicating 
that this variable is significant in prediction of 
disintegration time and cumulative % drug released. The 
relationship between dependent and independent variables 
was further elucidated by constructing surface response 
curve and contour plots. Disintegration time for all the 
thirteen formulations varied from 36-75 sec and cumulative 
% drug released in 25 minutes 96.6-99.2% respectively. The 
results indicate that the selected variables have strong 
influence on disintegration time and cumulative % drug 
released of the disintegrating tablets. Analysis of variance 
for the responses (ANOVA) indicated that assumed 
regression models were significant and valid for each of the 
responses (p <0.05) shown in Table 6 and Table 7 
respectively. Surface response curve and contour plot study, 
indicate that optimized   disintegration time and cumulative 
% drug released are dependent on synergic concentrations 
of natural disintegrants  i.e Plantago ovata and Ocimum 
basilicum (Sameer et al., 2009).  

The response surface plots allow for visual observation 
of the significance of the regression equations by 
graphically depicting maxima and minima. These 
equations showing the influence of the independent 
variables X1 and X2 on the dependent variables Y1 and Y2 
in the form of response surface plots shown in Fig. 5-8. 
The optimized formulation (Fopt) of the dispersible 
tablet was decided to target disintegration time at 36 sec 
and cumulative % drug released was 99.1%.The optimized 
concentrations were obtained from the software DOE 8. To 
validate the regression model the check point batch was 
prepared at X1=0(6%) and X2=1.0(5%) level. The observed 
values and predicted values of dependent variables i.e 
disintegration time and cumulative % drug released in      
25 minutes for the check point in close agreement with the 
values predicted by the model were shown in Table 8.    

TABLE 5 
Evaluation parameter of Diclofenac sodium dispersible tablets. 

Formulation 
Weight Variation 

(mg) ± SD 
Thickness 
(mm) ± SD 

Friability  
(%) ± SD 

Hardness 
(Kg/cm2) 

Disintegration time 
time(Sec) 

Cum % Drug  
Released at25mins. 

F 1 102 ± 0.09 1.8 0.58±0.03 3.5 75 90.8 
F 2 99 ± 0.89 1.86 0.93±0.04 3.8 55 96.6 
F 3 98.5 ±0.24 1.7 0.67±0.13 3.3 49 97.1 
F 4 100 ± 0.56 1.85 0.83±0.15 3.6 62 94.2 
F 5 99.5  ± 0.67 1.8 0.68±0.45 3.2 45 97.7 
F 6 99 ± 0.73 1.82 0.97±0.35 3.7 38 98.9 
F 7 98.4 ± 0.83 1.85 0.69±0.24 3.9 56 95.8 
F 8 101 ± 0.82 1.79 0.85±0.35 4.2 36 99.2 
F 9 100 ±0.15 1.78 0.85±0.45 3.9 42 98.7 
F 10 99.5 ± 0.37 1.89 0.78±0.15 5.1 43 98.2 
F 11 100 ± 0.45 1.79 0.91±0.25 4.5 45 97.5 
F 12 98.8 ± 0.78 1.76 0.89±0.09 3.9 42 99.1 
F 13 98.4 ±0.57 1.78 0.83±0.06 3.8 42 98.5 

       Mean ± SD n = 3 
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TABLE 6 

ANOVA for disintegration time. 

 Sum of  Mean F p-value  
Source Squares df Square Value Prob > F  
Model 1414.058 7 202.0083 58.817688 0.0002 significant 

A-POM 288 1 288 83.855422 0.0003  
B-OBM 180.5 1 180.5 52.555221 0.0008  

AB 36 1 36 10.481928 0.0230  
A2 187.5895 1 187.5895 54.61943 0.0007  
B2 38.66092 1 38.66092 11.256693 0.0202  

A2B 12 1 12 3.4939759 0.1205  
AB2 5.333333 1 5.333333 1.5528782 0.2679  

Residual 17.17241 5 3.434483    
Lack of Fit 7.972414 1 7.972414 3.4662669 0.1361 Not significant 
Pure Error 9.2 4 2.3    
Cor Total 1431.231 12     

Table 7 

ANOVA for cumulative % drug released at 25 minutes. 

 Sum of  Mean F p-value  
Source Squares df Square Value Prob > F  
Model 64.16629 7 9.166612 39.359159 0.0004 significant 

A-POM 11.045 1 11.045 47.424489 0.0010  
B-OBM 3.38 1 3.38 14.512881 0.0125  

AB 2.89 1 2.89 12.408943 0.0169  
A2 9.772422 1 9.772422 41.960355 0.0013  
B2 0.778851 1 0.778851 3.3441911 0.1270  

A2B 0.163333 1 0.163333 0.7013128 0.4405  
AB2 0.003333 1 0.003333 0.0143125 0.9094  

Residual 1.164483 5 0.232897    
Lack of Fit 0.452483 1 0.452483 2.542038 0.1861 not significant 
Pure Error 0.712 4 0.178    
Cor  Total 65.33077 12     

 
Fig. 5. Response surface plots of contour plot showing the effect of X1(POM:Plantago ovata mucilage  concentration) and X2 (OBM: Ocimum 
basilicum concentration) on disintegration time (Y1).    
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Fig. 6.  Response surface of 3D contour plots showing the effect of X1(POM:Plantago ovata mucilage  concentration) and X2 (OBM: Ocimum 
basilicum concentration) on disintegration time (Y1)    

 
Fig.7. Response surface plots contour plot showing the effect of X1(POM:Plantago ovata mucilage  concentration) and X2 (OBM: Ocimum 
basilicum concentration) on % drug released in 25 minutes (Y2). 
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Fig. 8. Response surface of 3D contour plots showing the effect of X1(POM:Plantago ovata mucilage  concentration) and X2 (OBM: Ocimum 
basilicum concentration) on % drug released in 25 minutes (Y2). 

TABLE 8 

Check point formulation. 

Formulation X1 X2 Response variables Observed response Predicted response 
F(opt) 0(6%) 1.0(5%) Disintegration time  36 39.17 

Cumulative % drug released 99.2 98.2 

At an optimum concentration, diclofenac sodium 
dispersible tablet showed disintegration time of 36sec 
(observed), 39.17sec (predicted) and cumulative % drug 
released of 99.2%(observed), 98.2% (predicted). From this 
study it is concluded that the statistical model employed 
in optimization study, is mathematically valid. The 
optimized formulae F(opt) was further  exposed to  various 
parameters analysis such as angle of repose, bulk 
density, tapped density, carr’s index, Hausener’s ratio, 
and the optimized formulae has  good flowability  and, 
compressibility with  satisfy all the  basic requirements 
of ideal tablet , which is shown in the Table 9.The IR 
spectrum of optimized Diclofenac sodium dispersible 
tablet was determined using FT-IR study and found 
there is no interaction between the drug and excipients 
which is depicted in Fig. 1-4.  

TABLE 9 

Evaluation of optimized dispersible tablet F(opt). 

Blend Characterization   
Bulk Density (mg/cc) 0.412 ± 0.002 
Tapped Density(mg/cc)  0.452 ± 0.010 
Hausner's Ratio                1.122 ± 0.013 
Compressibility index (%) 9.182 ± 0.014 
Angle of Repose (º)  28.16 ± 0.009 
Tablet Characterization   
Hardness (kg/cm2) 2.8 ± 0.006 
Friability (%) 0.684 ± 0.014 
Wetting Time (Sec)   18 ± 0.016 
Drug Content (%)          98 ± 0.016    
Swelling Index   15 ± 0.09 

Optimization of a dispersible tablet is a complex 
process that necessitates one to consider a large number 
of variables and their interaction with each other. This 
study reveals that the response surface methodology 
utilizing a polynomial equation can be successfully used 
to design a dispersible tablet for predetermined release 
profile in a very short time period and with a small 
number of experimental runs.  

Conclusions 

Optimized diclofenac sodium dispersible tablet was 
achieved by employing combination of natural 
disintegrants of Plantago ovata at 6% and Ocimum   
basilicum at 5%, which showed disintegration time of 
36sec and cumulative % drug released of 99.2% 
respectively. From this investigation, it is concluded that 
natural disintegrants along with adopting a systematic 
experimental design approach with valid statistical 
concept, diclofenac sodium oro-dispersible tablet can be 
optimized in shortest time with minimum effort, which 
can be successfully industrialized. 
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