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Abstract: 
The aim of this study is to develop and optimize an osmotically controlled drug delivery system of Diclofenac 
sodium. Osmotically controlled oral drug delivery systems utilize osmotic pressure for controlled delivery of active 
drugs. Drug delivery from these systems, to a large extent, is independent of the physiological factors of the 
gastrointestinal tract .Differential scanning calorimeter (DSC) was used to evaluate the drug–excipient 
compatibility , based on the results of DSC, excipients defined in the  formula were found to be compatible with 
Diclofenac sodium. Formulation variables like type of osmotic agent (Sodium chloride, Mannitol, Lactose) , level of 
pore former and plasticizer , percent weight gain were found to affect the drug release from the developed 
formulations. The release performance of Diclofenac sodium from the optimized formulations was studied over a 
period of 12 h. Drug release was inversely proportional to the membrane weight but directly related to the initial 
level of pore former in the membrane. On the basis of release results, a three-level three-factorial Box–Behnken 
experimental design was used to characterize and optimize three formulation parameters, i.e. level of osmotic agent , 
pore former  and plasticizer .The chosen dependent variables (responses) were a cumulative percentage of dissolved 
diclofenac sodium over a period of 12 h..The release from the developed formulations was independent of pH and 
agitational intensity, but dependent on the osmotic pressure of the release media. From dissolution models it was 
observed that drug release from optimized formulation exhibited zero order release kinetics. The formulations were 
found to be stable after 3 months of accelerated stability studies (40 o C and 75%RH). Prediction of steady-state 
levels using the superposition method showed the plasma concentrations of Diclofenac sodium to be within the 
desired range. 
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Introduction: 
Oral bioavailability of poorly water-soluble drugs 
depends on their dissolution rate in the absorption 
site. In recent years it has been estimated that up to 
40% of the new drugs discovered by the 
pharmaceutical industry are poorly soluble or 
lipophilic compounds [1]. Many procedures have 
been investigated to enhance oral bioavailability of 
drugs. Oral, controlled-release systems for extended 
release of drugs   have provided advantages of safety 
(improved Cmax/Cmin ratio), improved patient 

compliance and convenience (reduced daily dosing). 
In immediate-release dosage forms, there is little or 
no control over release of drug from the dosage form, 
which most often results in constantly changing, 
unpredictable, and often sub- or supra-therapeutic 
plasma concentration. Controlled-release dosage 
forms most often have employed matrix or osmotic 
technologies. Matrix technology sustains the release 
of the drug in the gastrointestinal tract (GIT) by a 
combination of drug diffusion and matrix erosion.[2-
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4] Osmotic drug delivery technology involves the use 
of osmotic pressure exerted on a core surrounded by 
a semi-permeable membrane to pump the drug out at 
a steady rate. While matrix technology is generally 
regarded as simpler to manufacture, Drug release 
from osmotic technology systems is less dependent 
on pH and other physiological parameters.[5-7] In an 
elementary osmotic system, the device is in the form 
of a tablet consisting of a solid core surrounded by a 
semi-permeable membrane. Aqueous body fluids 
enter the system continuously through the membrane 
and dissolve the drug contained within the core. The 
drug is then released through  orifices in the semi-
permeable membrane once sufficient pressure is built 
up to cause the solution containing the drug to be 
pushed through the orifices. When the drug present in 
the core is able to produce a sufficiently high osmotic 
pressure of its own or when additives are present to 
increase the osmotic pressure (i.e., osmagents), the 
drug is released at a predetermined rate. Examples 
published in the literature suggest that single-layer 
osmotic API delivery of low solubility API's is 
possible.[8-10] Diclofenac sodium is a potent non-
steroidal anti-inflammatory drug (NSAID) with 
pronounced analgesic and antipyretic properties. It is 
widely used in the long-term treatment of 
degenerative joint diseases such as rheumatoid 
arthritis, osteoarthritis and ankylosing spondylitis. 
Nevertheless, it produces a relatively high incidence 
of gastrointestinal side effects due to the 
physicochemical action on the gastric mucous and the 
inflammatory action on both small bowel and the 
colon. Due to these adverse effects and its short 
biological half life, diclofenac sodium is an ideal 
candidate for prolonged release preparations.[11-15] 
Diclofenac sodium has weak acidic properties (pKa 
about 4) and its solubility depends on the pH of the 
medium. It is slightly soluble in water, very slightly 
soluble in phosphate buffer at pH 6.8 and practically 
insoluble in hydrochloric acid at pH 1.1 [5–7]. Based 
on the Biopharmaceutics Classification System 
(BCS), it can be classified as a Class II drug (high 
permeability, low solubility).[16-18]The aim study 
was to design and characterize controlled release 
formulations of Diclofenac sodium based on osmotic 
technology. A theoretically designed zero-order 
delivery system was designed to produce plasma 
levels within the desired range. Drug release from 
different dosage forms, including osmotic tablets, can 
be evaluated by means of dissolution testing [19]. 
Dissolution testing is a very important tool in drug 
products development and as a quality control 
procedure in pharmaceutical production. In quality 
control, dissolution test results can lead to approval 
or rejection of batches. In product development, it 
supports formulation selection, enables analysis of 

combined effects, such as drug, excipient or process 
properties, in order to evaluate the effect of these 
changes on biopharmaceutical characteristics, and is 
used in comparative studies of formulations.[19-22] 
Recently, considering the relationship between drug 
dissolution and bioavailability, several dissolution 
approaches have been proposed for estimating oral 
absorption [23]  and establishing biowaivers. 
Sensitive and reproducible dissolution data from 
predefined conditions are needed in order to compare 
in vitro dissolution results, and to allow its use for in 
vitro–in vivo correlations and as surrogates for in 
vivo bioavailability and bioequivalence testing[24]. 
Different formulation variables were studied and 
optimized to achieve the desired release profile. The 
stability of the formulations was evaluated after 3 
months of storage at accelerated stability conditions. 
Finally, the in vivo performance of the optimized 
formulation was predicted.[25] 
 
Materials and Methods: 
 
Materials: 
Diclofenac sodium salt was provided as a gift from a 
pharmaceutical factory. The following materials was 
obtained from commercial vendors .Mannitol, 
Lactose , Cellulose acetate (CA), polyethylene glycol 
(PEG) 400, Sodium  lauryl sulphate , polyvinyl 
pyrrolidone (PVP)(Plasdone K-29/32w, ISP, USA), 
talc, Sodium chloride, Microcrystalline cellulose, 
Magnesium stearate, castor oil ,methanol, acetone. 
Water used thought the analysis was prepared by 
reverse osmosis. All solvents and reagents used in the 
study were of analytical grade. 

Methods: 
 
Differential scanning calorimetry: 
A differential scanning calorimeter (DSC 204, 
NETZSCH Geraetebau GmbH) was used for thermal 
analysis of drug and mixtures of drug and excipients. 
Excipients that were expected to be used in the 
development of formulation (osmotic agents) and the 
expected ratio were selected for the present study. 
Individual samples (drug and excipients) as well as 
physical mixtures of drug and selected excipients all 
passed through 60-mesh sieve) were weighed; 
Samples of 1–2mg were weighed directly into 
aluminum samples pans (Table 1). The thermal 
analyses were conducted in a flow of air at 
atmospheric pressure. Scans were carried out from 
30–300°C at a heating rate of 10°C min−1 and 
thermograms obtained were observed for any 
interaction. 



Available online at www.ijpras.com 

 45

Table 1: Drug – excipient ratio for differential 
scanning calorimetry study 

Sample Ratio (drug  -
excipient ) 

Diclofenac sodium - 

Diclofenac sodium + 
Lactose 

1:1 

Diclofenac sodium + 
Mannitol 

1:1 

 

Drug analysis 
Spectrophotometeric method for determination of 
Diclofenac sodium   was used. The calibration curve 
of diclofenac sodium (y = 0.029x + 0.015) was linear 
between 5µg/ml and 30µg/ml (r2 = 0.9995). The drug 
content of the formulation and the amount of the drug 
released in dissolution fluids were determined (with 
appropriate dilution) by using calibration curves. 
Samples were analyzed on a UNICO UV/VIS 
spectrophotometer (model 2000) at 276 nm. 
 

Granulation and tablet compression 
Tablets were prepared by wet granulation, using 
100mg of diclofenac sodium per tablet, magnesium 
stearate as lubricant, PVP as binder, talc glidant, 
lactose, Mannitol, sodium chloride as osmagents and 
microcrystalline cellulose as a diluent, in sufficient 
quantities to obtain a final mass of 300mg per tablet. 
The composition of the tablets is described in Table 2. 
For preparation of core tablets, the batch size was 
kept as 100 tablets.   All the ingredients, except 
lubricant magnesium stearate, glidant talc and binder 
polyvinylpyrrolidone (PVP), were manually blended 
homogeneously in a mortar by way of geometric 
dilution. The mixture was moisturized with PVP 
solution in isopropyl alcohol ,and granulated through 
sieve No. 18 (aperture size 1000 µm, US Standard) to 

obtain the desired consistency of the mass . The 
granulated blend was dried in a hot air oven at 40 oC 
for sufficient time (3 to 4 hours) so that the moisture 
content of the granules reached 3–5%. The dried 
granules were passed through sieve No. 26 (aperture 
size 710 µm, US Standard) and blended with talc and 
magnesium stearate. The homogeneous blend was 
then compressed into tablets (300 mg each) using 9-
mm diameter, deep concave punches. The 
compression force was adjusted to give tablets with 
approximately 7 kg cm2 hardness on a tablet hardness 
tester. A constant compression force was obtained by 
using the same distance between the upper and lower 
punches. 

Coating 
The core tablets were film coated with a semi 
permeable membrane of consisting of  2 % cellulose 
acetate (CA) and varying amounts of castor oil as 
plasticizer , PEG400 as pore former and  PVP . The 
composition of coating solution used for coating of 
tablets is given in Table 3. Various components of 
the coating solution were added to the solvent 
mixture in a sequential manner. The component 
added first was allowed to dissolve before the next 
component was added; total solid components of the 
coating solution were 4%w/v. The coating was made 
by using a conventional laboratory model consisting 
of stainless steel, 20-cm pear shaped, baffled coating 
pan with pan rotating rate at 30 r/min.  Spray rate of 
5ml / min .Core tablets of Diclofenac Sodium were 
placed in the coating pan along with filler tablets 
(tablets made using 9 mm round concave punches 
and containing lactose, starch, magnesium stearate, 
and talc). Initially, pan was rotated at low speed (2–5 
rpm) and heated air was passed through the tablet bed. 
Coating process was started once the outlet air 
temperature reached 50◦C. The manual coating 
procedure was used based on an intermittent spraying 
and drying technique. Coating was continued until 
desired weight gain was obtained on the active tablets. 
In all the cases, active tablets were dried overnight at 
40˚C to remove the residual solvent before further 
evaluation. 
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Table 2: Content of Core formulation 

Core  ingredients 
Formulations 

F0 F1 F2 F3 F4 F5 F6 F7* F8 F9 F10 F11 

Diclofenac sodium 100 100 100 100 100 100 100 100 100 100 100 100 

Sodium chloride 135 90 60 - - - - - - - - - 

Sodium lauryl sulphate 9 9 9 9 9 9 9 9 9 9 9 9 

Lactose 22 56 77 125 90 45 60 90 125 150 81 99 

Mannitol      45 30 30 30 - 30 30 

Microcrystalline cellulose 19 30 39 51 86 86 86 56 21 26 65 47 

 Every formulation contains Magnesium stearate 2mg, Talc 2mg, PVP 11mg, Compositions weight (mg 
 /Tablet) Total tablet weight 300mg. * optimized formulation.  

Table 3: Composition of different coating solutions 

Coating code O1 O2 O3* O4 O5 O6 

Cellulose acetate (% w/v) 2 2 2 2 2 2 

Castor oil (% w/w of CA) 10 10 10 20 20 20 

PEG – 400  (% w/w of 
CA) 

20 20 30 20 20 30 

PVP     (% w/w of CA) 25 50 25 35 50 35 

Methanol (ml) 20 20 20 20 20 20 

Acetone  (ml) 76 76 76 76 76 76 

 
 Compositions given in terms of % (w/w) of CA, total solids 4 %.( w/w). * optimized formulation 

 

Evaluation of developed formulation 

Characterization of tablet formulation:  
Physical characteristics of the tablets were tested 
according to European Pharmacopoeia methods. 
Tablet weight was measured using an analytical 
balance (Sartorius basic BA 1005, Germany), data 
was obtained from 20 tablets, prepared at the same 
compression force. The tablet disintegration test was 
performed employing a disintegration tester using 

demineralized water at 37±2 °C. The weight 
variations of the tablets were evaluated on 20 tablets 
with an analytical balance .Friability was determined 
on 20 tablets with a friabilator for 5 min at a speed of 
25 rpm/min. For content uniformity testing, one 
accurately weighed tablet (n = 5) was added in 250 
ml of water. The samples were sonicated for 30 min 
and filtered through 0.45µm nylon membrane filter. 
The filtered solutions, after appropriate dilution, were 
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analyzed using a validated UV spectrophotometer 
method at 276 nm. 

In vitro dissolution 
The developed formulations (n = 6) were subjected to 
release studies using USP-I dissolution apparatus () at 
100 rpm. Dissolution medium used was simulated 
intestinal fluid (SIF, pH 6.8, 900 ml) maintained at 
37 ± 0.5 ◦C. The samples were withdrawn (10 ml) at 
different time intervals and replaced with an 
equivalent amount of fresh medium. The dissolution 
samples, after filtration through 0.45µm nylon 
membrane filters, were analyzed using a validated 
UV spectrophotometer method at 276 nm. After 
analyzing the drug content in the dissolution samples, 
corrections were made for the volume replacement 
and the graph of cumulative percentage of drug 
release versus time was plotted.Calculation of the 
similarity factor (f2) The similarity of dissolution 
profiles was analysed using both the “difference 
factor, f1[26] and the “similarity factor, f2[27] 
defined in Eqs. (1) and (2). 
 

             …Eqn (1) 

 
 

   ………..      Eqn (2) 

  
In this equation wt is an optional weight factor,  
the reference assay and  the test assay at time point 
t. At least 12 time points were used inform of their 
mean dissolution values to estimate the similarity 
factor. Due to its sensitivity to the number of 
dissolution time points, only one measurement point 
was considered after 85% release.  The two release 
profiles were considered to be similar; if f1 value was 
lower than 15 (between 0 and 15) and f2 value was 
more than 50 (between 50 and 100). For the 
calculation of f1 and f2 values, only one data point 
was taken into consideration after 85% of the drug 
was released. 

Release models and kinetics  
Generally, the release of drug from oral osmotic 
systems is controlled by various factors such as 
osmotic pressure, aperture diameter, coating 
thickness, permeability of membrane; solubility of 
drug pore-forming agent .Dissolution data of the 
optimized formulation F7O3 was fitted to various 
mathematical models (zero-order, first-order, and 
Higuchi) in order to describe the kinetics of drug 

release. Sodium diclofenac release kinetics was 
evaluated according to the following models. 
 
Zero order:    Qt = Q0 + K0t                         ...Eqn (3) 
 

First order:        .. Eqn (4) 

 
Higuchi:                                   .. Eqn (5) 
 
Hixson–Crowell:         .. Eqn (6) 

 

Korsmeyer–Peppas:                 Eqn (7) 

 
where Qt is the amount of drug dissolved in time t; 
Q0 is the initial amount of drug in the solution (most 
times Q0 = 0); Qi = is the initial amount of drug in the 
pharmaceutical dosage form; Qr is the amount of drug 
remaining as a solid state at time t; Mt/M∞ = is the 
fractional drug release; K0, K1, KH, KS and KK are, 
respectively the zero order, the first order, the 
Higuchi’s, the Hixson–Crowell’s and the 
Korsmeyer’s release constants; and n is an exponent 
which characterizes the drug release mechanism.[28-
32] Smallest value of SSR and AIC and best 
goodness-of-fit test (R2) were taken as criteria for 
selecting the most appropriate model [31]. 

 

Effect of PH 
The effect of pH was studied to assure a reliable 
performance of the developed formulations 
independent of pH. Release studies of the optimized 
formulations were conducted in media of different 
pH (Simulated gastric fluid, pH 1.2; acetate buffer, 
pH 4.5; and Simulated intestinal fluid , pH 
6.8).Dissolution apparatus used was rotating basket 
type (USP-I) at 100 rpm , and the temperature was 
maintained at 37.5 ± 0.5 oC. The samples (10 ml) 
were withdrawn at predetermined intervals and 
analyzed after filtration through 0.45-µm nylon 
membrane filters. The percentage cumulative drug 
release of optimized formulations at various pH was 
plotted and compared. 
 

Effect of agitation Intensity 
To study the effect of agitation intensity of the 
release media, dissolution studies of the optimized 
formulation were carried out in dissolution apparatus 
at various rotational speeds. Dissolution apparatus 
used was USP-I (rotating basket) at 50, 100, and 150 
rpm. Samples were withdrawn at predetermined 
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intervals and analyzed after filtration through 0.45-
µm nylon membrane filters 
 

Effect of Osmotic pressure 
In order to confirm the mechanism of drug release, 
release studies of the optimized formulations were 
conducted in media of different osmotic pressure. To 
increase the osmotic pressure of the release media, 
sodium chloride (Osmotically effective solute) was 
added in SIF [33, 34] and osmotic pressure was 
measured using an osmometer,. The pH was adjusted 
to 6.8 ± 0.05. Release studies were carried out in 900 
ml of media using USP I dissolution test apparatus 
(100 rpm). Release profiles of the optimized 
formulations at different osmotic pressure was 
plotted and compared. 
 

Effect of type and level of pore former. 
To study the effect of type of pore former, 
formulations were prepared by coating core tablets of 
Diclofenac sodium with coating compositions 
containing different levels of pore formers (PVP, 
PEG-400). The type of pore former affected drug 
release and it is possible to achieve the desired 
release by using different types and/or combination 
of pore formers. To study the effect of pore former on 
the drug release PEG-400 was used at the level of (20 

and 30%) and PVP was used at a level of (25, 35  and 
50%)  (w/w) of CA. Due to insolubility of PVP in 
pure acetone, the coating solution was prepared from 
a methanol –acetone mixture. This increased the 
miscibility and physical stability of the solution. 

Prediction of in vivo performance  
Using the known pharmacokinetic properties of drugs 
(Table 4 ) and various drug release parameters (R0 
and tDel), which were calculated from in vitro release 
data, steady-state blood levels of drugs were 
predicted by the method of superposition [35]. It was 
assumed that after the administration of a test dose of 
formulation, the drug would be released at a release 
rate (R0) for a period of time (tDel) shorter than the 
selected dosing interval (τ). Time of delivery, tDel, is 
the time taken to deliver 90% of the total drug within 
a selected dosing interval (τ =12 h). The predicted 
steady-state plasma levels of optimized formulations 
were compared with the desired levels by calculating 
the percent-predicted error (% PD) in Css max and 
AUC0–τ . Bioequivalence was anticipated [36, 37], if 
the average % PD was less than 15% for Css max and 
AUC0–τ. The % PD was calculated using following 
equation: 
 

     

          ……..Eqn (8) 

 
Table 4: Important pharmacokinetic parameters of Diclofenac sodium 
 

Pharmacokinetic parameter Mean    (CV %)* Reference 
Fraction of drug absorbed (f)  1 - [38]B. ChuaSuWan  et al. 
Elimination half-life (t1/2) (h 2.3 48 [39]Willis J.V, Kendall et 

al. 
Terminal disposition rate constant (kel or β) (h−1)  0.39  [40]Nasir M . Idkaidek 
Apparent volume of distribution (Vd) (l/kg)  1.4 58 [38]B. ChuaSuWan  et al. 
Fraction of unchanged drug excreted in urine 
(fel)(%) 

< 1 - [41]Davies NM  et al. 

Extent of protein binding in plasma (%)  99 - [39]Willis J.V, Kendall et 
al. 

Clearance (CL) (ml/min)  895 56 [42]Novartis. 2001 
  *Coefficient Variation (%) 

Stability studies 
The purpose of stability study is to provide evidence 
on the quality of a drug substance or drug product 
which varies with time under the influence of a 
variety of environmental factors such as temperature, 
humidity and light. The formulation was subjected to 
accelerated stability studies as per ICH (The 
International Conference of Harmonization) 
guidelines. The optimized formulation was sealed in  

 
 
an aluminum foil and stored at 40 ± 2 ºC, 75 ± 5% 
RH for 3 months. The samples were analyzed for the 
drug content, in vitro dissolution and 
physicochemical parameters at three time intervals i.e. 
1, 2 and 3 months. 
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Results and Discussions 

Formulation development: 
Development of a osmotic system for delivery of 
low-solubility API's involves a core tablet, prepared 
on a conventional tablet press, which is coated, in a 
pan-coater, with a semi-permeable membrane. The 
tablet core is surrounded by a rate controlling 
membrane that consists of semi permeable membrane 
forming polymer, water-soluble additive(s), and 
plasticizer capable of improving film formation 
properties of the polymers, Cellulose acetate as the 
water-insoluble polymer. The core compartment 
imbibes aqueous fluids from the surrounding 
environment across the membrane and the dissolved 
drug is released from the pores formed in the 
membrane after leaching of water-soluble additive. 
Below, the effects of the components on the 
performance as well as some mechanistic aspects of 
the system are discussed.. 
Table 5: Evaluation parameters of the optimized 
coated tablets 

Parameter Average ± SD  

Tablet weight (mg, n=20)  312.44    ± 0.41 

Hardness (kg/cm2, n= 10) 7.46 ± 0.35 

Content Uniformity (% , n = 
5) 

98.56 ± 0.88 

Weight gain (% of core , 
w/w) 

4.13 

 Friability (%) of core tablets 0.29 

 

Drug excipient compatibility testing: 
Incompatibility between drugs and excipients can 
alter stability and bioavailability of drugs, thereby, 
affecting its safety and/or efficacy. Study of drug–
excipient compatibility is an important process in the 
development of a stable solid dosage form. Drug–
excipient compatibility testing at an early stage helps 
in the selection of excipients that increases the 
probability of developing a stable dosage form. In 
recent years DSC (differential scanning calorimetry) 
has gained popularity since it is easy and quick. It is 
based on the detection of endothermic and 
exothermic peaks that appear as a consequence of 
small changes in temperatures. The number, location 
and shape of these peaks 

are used to identify a substance .[43] When the 
substance undergoes a thermal event, the difference 
in the heat flow to a sample and to a reference is 
monitored against time or temperature while the 
temperature is programmed in a specified atmosphere. 
As a result, energy associated with various thermal 
events (e.g., melting, glass transition temperature, 
crystallization, etc.) can be evaluated.[44, 45] The 
results are shown in Fig. 4. The DSC curve of 
Diclofenac sodium (active substance) showed an 
exothermic peak of melting at 280°C followed by an 
endothermic peak of decomposition as mentioned in 
the literature .[46]. [47] . In majority of the cases, 
melting endotherm of drug was well preserved with 
slight changes in terms of broadening or shifting 
towards the lower temperature. It has been reported 
that the quantity of material used, especially in drug–
excipient mixtures, affects the peak shape and 
enthalpy[48] . Thus, these minor changes in the 
melting endotherm of drug could be due to the 
mixing of drug and excipient, which lowers the purity 
of each component in the mixture and may not 
necessarily indicate potential incompatibility 
[49].The DSC scan of diclofenac sodium in the 
presence of lactose showed endothermic peaks at 
147.40 ◦C (corresponding to dehydration of bound 
water), 162.10 ◦C (crystalline transition), 178.7 ◦C 
(melting point)for lactose. The melting endothermic 
peak of diclofenac sodium in the mixture was at 
255.6 ◦C which suggested compatibility. A sharp 
melting endotherm for Mannitol was observed at 
158.9 ◦C in the DSC trace of Mannitol. The results 
confirmed that DSC could be used as a rapid method 
to evaluate the compatibility between drug and 
excipients. No concrete evidence of interaction was 
observed between Diclofenac sodium and selected 
osmotic excipients used in the development of 
osmotic formulations of Diclofenac sodium. 

 
Figure 1: DSC thermogram of Diclofenac sodium 
with Mannitol  
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Figure 2: DSC thermogram of Diclofenac sodium 
with lactose 

Drug analysis UV 
A linear relation in the concentration range between 
5µg/ml and 30µg/ml (r2 = 0.9995) was found. The 
Repeatability (RSD %) was 0.167 .On the basis of 
above results, the analytical method was applied to 
the direct determination of DS in the formulations. 

Formulation aspects of core tablets  

Effect of type and level of osmagent  
Osmotic pumping release from tablets was first 
developed by Theeuwes [5], with one drilled exit port 
through a semi permeable membrane coat but 
modified by Zentner with a porous barrier membrane 
coat, in which osmotic pumping showed to be the 
major release mechanism after dissolving the inner 
components of the tablet by the water imbibed. Since 
the osmotic pressure in the GIT remains relatively 
low, an osmagent that provides a significantly higher 
osmotic pressure will effect a steady driving force for 
water imbibition through the tablet coating. The 
driving force of internal osmotic pressure caused by 
dissolving either osmotic drug or osmotic agent or 
both acts radically outwards and deforms the 
surrounding membrane coat. To study the effect of 
type and level of osmotic agent, formulations 
containing different levels and composition of 
osmotic agents (Mannitol, Sodium Chloride, Lactose) 
were studied. The release profile of formulations was 
used to assess the influence of osmagents as shown in 
this figures, the type and level of osmotically active 
agent in the core formulation affected the drug 
release from osmotic formulations. In evaluation of 
level and type of osmotic agent coating code (O3) 4%, 
weight gain was used in all the experiments.  The 
results also showed that the formulations with NaCl 
(F0, F1, and F2) had increased lag time (tlag)[50] 
before the onset of dissolution, (tlag) 1.255 h, 0.795 
h,0.358 h respectively. It was noted that drug release 

rate increased as the amount of osmotic sugar lactose 
increased, this was irrespective of the increase in the 
amount of sodium chloride. The release profile of 
formulations (F5, F6, and F7) was used to assess the 
influence of osmotic agents mannitol and lactose 
used in combination. From figure it is observed that 
drug release increase in the level (15% ,20 % , 30% ) 
of osmotic agent. 
 

 
 
 Fig 3: Effect of osmotic sugar Lactose on drug 
release.       

 
 Fig 4: Effect of level of osmagents on drug release 

Evaluation of membrane variables 

Effect of concentration of pore forming agent: 
To study the effect of type of pore former, core 
formulations were prepared by coating core tablets of 
diclofenac sodium with coating compositions 
containing different pore formers ( PVP ,  PEG-400). 
As evident from Figure 5, the type of pore former at 
weight gain of 6% affected drug release and it is 
possible to achieve the desired release by using 
different types of pore formers. From formulations 
with coating code O2,O5,O4,O6 and O1 it can be 
observed that the release increased with the increase 
in level of pore former PVP and PEG . The level of 
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pore former also affected the extent of drug release. 
Maximum drug release after 12 h was less than 30% 
in formulations containing up to 25% (w/w) of PVP 
and around 60% from formulations with 35% (w/w) 
of PVP. In case of formulations with 50% of PVP, 
more than 90% of the drug release took place in 12 h. 
From figure 5 it is observed that as the level of PEG-
400 increases from 20% to 30%, COAT 06 and 
COAT 04 respectively, drug release increased from 
62% to 77% in 12 h. As evident from Figure 5, the 
type of pore former affected drug release and it is 
possible to achieve the desired release by using 
different types of pore formers. As the level of pore 
former increases, the membrane becomes more 
porous after coming in contact with the aqueous 
environment, resulting in faster drug release. As the 
pore former level increases, the membrane becomes 
porous after coming in contact with the water (when 
the pore former leaches out of the membrane).[51, 52]   
 

 

Fig 5: Effect of level of pore forming agents and 
plasticizer on drug release 

Effect of coating thickness on drug release 
To investigate the effect of weight gain of the coating 
on drug release, core tablets of diclofenac sodium 
(core code:) were coated (coating composition A) for 
sufficient duration so as to get tablets with different 
weight gains (3,4,and 6% w/w). Release profile of 
diclofenac sodium from these formulations is shown 
in Figure 6. It is clearly evident that drug release 
decreases with an increase in weight gain of the 
membrane. No bursting of the systems was observed 
during the dissolution run in any of the formulations 

 
Fig 6: Effect of weight gain on Diclofenac release 

Effect of plasticizer  
 
Plasticizers modify the physical properties of 
polymers and improve their film-forming 
characteristics by changing their viscoelastic 
behaviour. Plasticizers turn a hard and brittle polymer 
into a softer, more pliable material and possibly make 
it more resistant to mechanical stress .To study the 
influence of plasticizer the core tablets were coated 
using semipermeable membrane of 2% w/v cellulose 
acetate (CA), coating code O2 and O5. The CA 
membrane were plasticized with 10% (O2), and 20% 
(O5) w/w, total weight of CA by castor oil. As 
observed in fig 5 the increase in level of castor oil 
resulted in decreased drug release, hydrophobic 
plasticizers like castor oil were found to decrease 
drug release from osmotic formulations.[53] 

Effect of PH  
To investigate the effect of pH on drug release, 
release studies were conducted in dissolution media 
of different pH. Fig. 10 shows release of diclofenac 
sodium from optimized formulation in SGF, pH 1.2; 
acetate buffer, pH 4.5; and SIF, pH 6.8. It is observed 
from the figure that release profile is similar in all the 
media demonstrating the developed formulations 
shows pH-independent release. The f1 and f2 values 
were found to be 7.5 and 66.72 (between SGF, pH 
1.2 and acetate buffer, pH 4.5), 5.37 and 66.7 
(between SGF, pH 1.2 and SIF, pH 6.8), and 11.2 and 
56.66 (between acetate buffer, pH 4.5 and SIF, pH 
6.8), respectively. 
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Fig 7: Effect of agitational intensity of the release 
media on Diclofenac release 

Effect of Osmotic pressure: 
The effect of osmotic pressure on the optimized 
formulation was studied in media of different osmotic 
pressure, and the release profile with varying osmotic 
pressure is depicted in fig 8. The results of release 
studies of optimized formulations in media of 
different osmotic pressure indicated that, the drug 
release is highly dependent on the osmotic pressure 
of the release media. Diclofenac sodium release from 
the formulations decreased as the osmotic pressure of 
the media increased from 7.81 atm, 13.84 atm, and 
21.28 atm. The release was inversely related to the 
osmotic pressure of the release media. This finding 
confirms that the mechanism of drug release is by the 
osmotic pressure. 

 

Fig 8: Effect of osmotic pressure of the release 
media on Diclofenac release 

Effect of agitational intensity  
Drug release from osmotic pumps, to a large extent, 
is independent of agitational intensity of the release 
media. Further the effect of agitational intensity on 
the drug release from the optimized formulation was 

investigated (Fig.9).. The f1 and f2 values were found 
to be 9.77 and 61.9 (between 100 and 50 rpm), 4.03 
and 78.14 (between 100 and 150 rpm), and 5.99 and 
71.21 (between 50 and 150 rpm), respectively. It was 
observed that the agitation intensity of 50, 100 150 
rpm of dissolution medium had no significant effect 
(P >0.05) on the rate and extent of Diclofenac sodium 
release from optimized osmotic formulation. Hence, 
it can be expected that the release from the developed 
formulation will be independent of the hydrodynamic 
conditions of the absorption site. 

 

Fig 9: Effect of agitational intensity of the release 
media on Diclofenac release. 

Performance evaluation of optimized formulation: 
The controlled release formulation based on osmotic 
technology is optimized using response surface 
methodology by Box-Behnken Design , employing 
Design-Expert software (Version 7.0.1, Stat-Ease Inc., 
Minneapolis, MN). Central composite designs 
usually have axial points outside the cube unless 
alpha,the axial spacing for ensuring orthogonality, is 
specified as less than or equal to one. Box–Behnken 
designs do not have axial points and they ensure that 
all factors are never simultaneously set at their high 
levels. Therefore, all the design points fall within the 
safe operating zone. Box–Behnken experimental 
designs have fewer design points and fewer 
experiments to be performed, furthermore, each 
factor requires only three levels, which is 
experimentally more convenient and less expensive 
to perform. [54-56]Considering these facts, we 
decided to apply the three-level three-factorial Box–
Behnken experimental design for  optimization of 
selected formulation  parameters, affecting the 
release of diclofenac sodium.Three independent 
variables were investigated: Amount of osmotic 
agent (A) , Pore former (B)  , Plasticizer  (C) ,the 
chosen dependent variables (responses) were a 
cumulative percentage of dissolved diclofenac 
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sodium in 1, 2, 4, 6, 8, 10, and 12 h. The fitted design 
was analyzed as polynominal model in quadratic 
order. Afterwards, the information about the model 
reliability was verified by using the analysis of 
variance (ANOVA). The estimation of model factors’ 
significance was performed by Student’s t-test. The 
data clearly indicate that the dependent variables are 
strongly dependent on independent variables. The R-
square and adjusted R-square value for R4 is 0.9862 
and 0.9449 respectively. Whereas for R6  these 
values are 0.9966 and 0.9863 respectively. The fitted 
equations relating the response R4 and R6 to the 
transformed factors are as follow: 
 
 R4 (6 hour) = 83.33  + 3.31*A  +  6.42*B - 3.38* 
C - 5.67 * A * B  -0.68* A * C  - 0.11 * B * C - 3.57 
* A 2  -7.75 * B2 - 18.81 * C2 

 
R6 (10 hour) = 93.87 + 1.93* A + 5.41*B - 2.88*C - 
2.53*A*B - 0.51* A * C + 1.56*B*C + 2.14*A2  - 
4.95*B2 -12.17  * C2 
 
Only statistically significant coefficients are included 
in the equations. A factor is considered to influence 
the response if the effects significantly differ from 
zero and the p-value is less than 0.05. Positive sign 
before a factor in polynomial equations represents 
that the response increases with the factor, a negative 
sign means the response and factors have reciprocal 
relation. It is clear Amount of osmotic agent (A) , 
Pore former (B)  have positive effects on the 
responses. 

 

                                
 

Fig: 10A and 10B Response surface plots with contours 
 
Response surface plots with contours, as presented in 
Fig. 10A and 10B, are very useful to see interaction 
effects of the factors on the responses. These types of 
plots show effects of two factors on the response at a 
time. In all the presented figures, the C factor was 
kept at level zero. Fig. 10A and 10B predicted that as 
we increase the concentration of A and B, the R6 and 
R10 values were increased. However, response 
surface plots show the scenario more clearly. Fig. 9A 
and 9B shows that a R6 and R10 value is highest if 
the A and B are kept at the highest level. 

Reproducibility of manufacturing procedure: 
The reproducibility of the manufacturing procedure 
was confirmed by preparing three repeat batches of 
the final optimized formulation on three different 
occasions. Release studies were conducted in and 
similar release profiles were obtained (Fig. 11) 
demonstrating that the manufacturing procedure is 

reproducible. The f1 and f2 values were found to be 
6.67 and 70.51 (between batches 1 and 2), 9.39 and 
61.46 (between batches 1 and 3), and 14.42 and 54.65 
(between batches 2 and 3), respectively. 
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Fig 11: Reproducibility of the manufacturing 
procedure—Diclofenac release from three repeat 
batches 

Kinetics and mechanism of drug release  
The linear nature of the plots between percent 
cumulative drug release and time suggests that none 
of the formulations follow first-order kinetics, which 
is further confirmed by the higher sum of square 
residuals and comparatively less volumes of 
correlation coefficient. The linear nature of the 
curves obtained for zero order, Hixson–Crowell and 
Korsmeyer–Peppas model suggests that the release 
from the formulations may follow any one of these 
models. While considering the higher correlation 
coefficient values and fewer sums of squared residual 
(SSR) values, the release data seem to better fit with 
zero-order model. Smallest value of SSR and AIC 
and best goodness-of-fit test (R2) were taken as 
criteria for selecting the most appropriate model[31] . 

The dissolution data of diclofenac sodium osmotic 
formulation was found to fit well into zero-order 
kinetics (Table 7) confirming that release from the 
formulations to be drug load independent. The n 
exponent from Korsmeyer–Peppas model can be used 
to characterize the drug release mechanisms as Fick 
diffusion, when n = 0.5 and as a non-Fickian model if 
n is between 0.5 and 1.0 or n = 1.0. When n = 0.5, the 
drug release is controlled by diffusion and is time-
dependent while when n = 1.0, the drug release is 
controlled by swelling and is time-independent with 
zero order kinetics. Values of n between 0.5 and 1.0 
indicate superposition of both phenomena, known as 
anomalous transport. Based on Korsenmayer–Peppas 
power model, drug release data were further analyzed 
for curve fitting and the results confirmed that the 
formulations showed non-Fickian diffusion kinetics 
n=0.929 , (n > 0.5) (Table 7). 

 
Table 6: Comparison of experimental and predicted values of optimized formulation 

 
 R1 R2 R3 R4 R5 R6 
Predicted 9.97  19.94  39.88  59.82  79.76  99.70  

Experimental 10.34  20.69  41.38  62.07  82.76  95.17  

 
Table 7: Statistical analysis and correlation coefficient values for dissolution data of the optimized diclofenac 

sodium formulation based on various kinetic models 
      

Model Parameters used to assess the Kinetic models 

 R2 r k SSR AIC n 

Zero-order 0.9935 0.9967 9.970 37.49 23.74 - 

First-order 0.9284 -0.9635 -0.173 411.14 38.11 - 

Higuchi 0.8482 0.9210 26.111 871.48 42.62 - 

Hixson–Crowell 0.9654 0.9825 0.049 198.68 33.75 - 

Korsmeyer–Peppas 0.9961 0.9976 11.537 22.10 22.57 0.929 

 
R2: Goodness-of-fit; r: correlation coefficient; SSR: sum of squared residuals; AIC: Akaike Information Criterion; 
and k: release rate constant for respective models (k0 in mg/h, k1 in h−1, kH in %/h1/2 , ks  and kk for zero-order, first-
order, Higuchi, Hixson–Crowell and Korsmeyer–Peppas rate equation, respectively). 
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Drug release profile predicted  
In the case of controlled release systems, the rate of 
drug input into the body (the dosing rate) is governed 
by rate of drug release from delivery system. 
Although there are different kinetic models and 
equations that can be used to describe the drug 
release kinetics from a controlled release system, it is  
widely accepted that the ideal formulation for many 
drugs is one that gives zero order in vivo drug 
release .Hence zero order kinetic models is presumed 
as a design option to calculate the desired drug 
release rates for a controlled drug release system 
(Ritschel,1989).The desired values are influenced by 
several factors such as therapeutically efficacious 
blood drug levels, the desired duration of efficacy 
and the pharmacokinetic characteristics of the drug. 
The three most important pharmacokinetic 
parameters are drug clearance (Cl), volume of 
distribution (Vd) and elimination rate constant (kel). 
The estimates of Cl,effective drug concentration and 
extent of availability define the appropriate dosing 
rate (R0, dose and dosing interval) of the drug by a 
particular route of administration 
(Eq. (1.3)) (Boxenbaum, 1982; Ritschel, 1988). 
 
 

   Eqn (10) 

 
where F is bioavailable fraction of the dose that 
reaches the systemic circulation, and Cssav is 
average blood drug concentration at steady state. 
Ritschel (1989) described a simple approach to 
calculate design parameters (dose, delivery time and 
release rate) for a controlled drug delivery system  
that would achieve desired steady-state blood drug 
concentration levels on multiple dosing. A stepwise 
procedure, as described by Ritschel (1989), can be 
briefly described as follows: 
(a) The time span of delivery (tdel) for a 
predetermined dosing interval is estimated using 
desired steady-state concentration levels and drug’s 
elimination half-life. 
(b) Pharmacokinetic data of the drug are used to 
predict the blood drug concentrations (from a test 
dose, mostly the conventional dose) at different time 
points during the dosing interval. 
If the drug release follows zero order kinetics then 
the plasma drug concentration at time ‘t’, for a simple, 
one compartment heterogeneous system is 
determined by  Ritschel. 
 

  Eqn (11) 

 

where k0 is zero order release rate = dose/delivery 
time (tdel). And blood drug concentration at steady 
state 
 

       Eqn (12) 

 
Blood drug concentration versus time data thus 
generated from the single dose of the drug are then 
applied to estimate accumulation to the steady state 
using the superposition method. The pharmacokinetic 
properties of Diclofenac sodium that are used for 
calculations are taken from literature. Based on the 
predicted steady 
state levels, the test dose of the drug is modified so 
that the modified dose achieves the desired 
concentration levels at the steady state. The desired 
drug release rate is determined from the dose and tdel 
[35].  Since osmotic pumps are reported to exhibit a 
significant in vitro/in vivo correlation, predicted data 
of steady-state plasma levels from drug release 
studies can be used for comparison with the desired 
plasma levels. The desired steady-state plasma levels 
of diclofenac sodium were predicted from a 
theoretically designed zero-order delivery system. It 
is clearly evident from the figure that the predicted 
steady-state plasma levels are very close to the 
desired levels. The predicted Css max and AUC0–τ 
after administration of the optimized formulations of 
diclofenac sodium, in comparison with the desired 
ones are listed in Table 8. The %PD of the steady-
state parameters of optimized formulations was 
calculated taking the data of desired profile as the 
reference. The absolute % PD was found to be less 
than 15%, ensuring that the optimized formulations 
will produce plasma levels close to the desired ones 
[36, 37]. Thus, it can be concluded that the developed 
formulation will produce plasma levels well within 
the therapeutic range and similar to those produced 
by the desired zero order delivery profile. 
a Predicted from desired zero-order delivery profile  
dose =100 mg, 
b*Predicted from drug release studies dose =  100 mg  
%PD Percent – predicted error. 

Stability studies  
Optimized formulations, packed in strips of 
aluminum foil laminated with PVC, at 40 ◦C and 
75% RH for 3 months. During 3 months of stability 
studies the tablets were withdrawn periodically and 
evaluated, for in vitro drug release, drug content, and 
hardness.results indicated no significant difference in 
drug release (P < 0.05). The drug content was 98.07 ± 
0.23, and hardness was also within the limits (7.0 
kg/cm2). The formulations were found to be stable 
after 3 months of accelerated stability studies 



Available online at www.ijpras.com 

 56

 
Table .8: Predicted in vivo performance of the developed formulation for Diclofenac sodium. 
 
Predicted 
parameters 

Predicted Css max 
(ng/ml) 

% PD Predicted AUC0–τ 
(ng hr/ml) 

% PD 

a Desired 336.89 - 702.14 - 
b F7O3 338.17 0.38 709.89 1.103 
 

Table 9: Physiochemical properties of optimized formulation during 3 month stability  

Parameter Initial 1 Month 2 Month 3 Month 

Drug Content (%±SD) 98.7±0.51 97.85±0.68 98.07±0.98 97.97±0.34 

Hardness (Kg/ cm2 ±SD) 7.84±0.48 6.98±23 7.31±42 7.42±37 

f1 value - 4.03 2.92 3.14 

f2 value  - 75.26 84. 67.85 

Initial sample (0 month) was taken as reference to calculate f1 and f2 values. 

 

Fig.10: Dissolution stability of Diclofenac optimized formulations after  
3 months of storage at 40 ◦C and 75% RH 

 

Conclusion 
In the present study, controlled   release formulations 
of Diclofenac sodium, based on osmotic technology, 
were developed. The release from the developed 
formulations was independent of pH and agitational 
intensity of the release media, assuring the release to 
be fairly independent of pH and hydrodynamic 
conditions of the body. Drug release data from 
Diclofenac sodium formulations fitted well into zero-

order kinetics, indicating the release to be drug load 
independent. Drug release was directly proportional 
to the initial level of pore former, but inversely 
related to the membrane weight .The release was 
inversely related to the osmotic pressure of the 
release media, confirming osmotic pumping to be the 
major mechanism of release. Developed formulations 
were found to be stable after 3 months of storage at 
accelerated stability conditions. From drug release 
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studies, steady-state plasma levels were predicted 
using the method of superposition. The predicted 
steady-state levels were within the desired range to 
show the therapeutic. Since osmotic pumps are 
reported to exhibit a good in vitro/in vivo correlation, 
based on in vivo performance prediction, the 
developed formulations can be expected to perform 
similar in vivo. 
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