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ABSTRACT 
The main intention of the present work is to design and evaluate a new Elementary Osmotic Pump  (EOP) for efficient delivery of Poorly Water-Soluble Drugs (PWSDs). Drug 
release from the new system called Expandable EOP (EEOP), is through a porous semipermeable membrane in the form of a suspension ready for dissolution and absorption. 
EEOP tablets were prepared by compressing the mixture of drug and excipients into convex tablets. PWS antidyslipidemic drug Nicotinic acid (NA) is used as model drug. 
Guar gum (GG) is used as an osmotic, suspending and expanding agent and cellulose acetate as Semipermeable Membrane (SPM) containing Polyethylene glycol (PEG) as 
plasticizer. The effect on the in vitro dissolution profile of NA was examined using varying GG percentage content in the formulations. The influences of GG, PEG and SPM 
thickness on the NA release profiles of optimal tablet were the focus of study. The optimal tablet was found to deliver NA at the rate of approximately zero order upto 12 hours, 
independent of environment media and stirring rate. The accelerated stability studies of optimal tablet made it clear that negligible amount of drug content degraded and release 
pattern was almost unaffected and could be claimed to be stable upto six months. The ƒ1 and ƒ2 analysis of NA before and after storage is almost superimposable. Hence it is 
concluded that, these EEOP can be recommended for use in oral drug controlled delivery field, especially for PWSDs.  
Key words: Elementary osmotic pump, nicotinic acid, guar gum and poorly water-soluble drug. 
 
INTRODUCTION 
The success of osmotic Drug Delivery System (DDS) lies in the fact 
that the Osmotic Pressure (OP) is both an energy source and a 
driving force for delivery and release of drugs. Presence of food, pH 
and other physiological factors may affect drug release from 
conventional controlled release systems (matrices and reservoirs), 
whereas drug release from per oral osmotic systems is independent 
of these factors to a large extent 1-3 which is a good advantage. To 
arrive at definite, exact, effective and meaningful conclusion of any 
new controlled release formulation it is essential to study its 
reactions in thorough exclusivity which is feasible only under 
osmotic DDS.  
Many different DDS have been developed based on principles of OP 
such as EOP, sandwiched osmotic tablet system, push–pull systems, 
controlled porosity osmotic pumps, asymmetric membrane osmotic 
pumps, single composition osmotic tablet and osmotic systems made 
by swellable core technology.2-6 The EOP tablet is one that has a 
core tablet coated by SPM with a micro-orifice drilled on the 
surface. The EOP is very simple in preparation and can deliver 
water-soluble drugs at an approximately constant rate up to 24 h. 
However, it is not feasible for the delivery of drugs with low 
solubility, for the drugs dissolved insufficiently and settled in the 
bottom of the tablet. 
An improvement over this would mean to design new EOP for 
delivery of a poorly soluble drug with constant release rate (zero 
order release). This device is called EEOP which is the main theme 
of the present research work. The underlying principle is that, the 
swelling and expanding forces produced by osmotic agent drive the 
drug out of the system through porous semipermeable membrane.      
The subject matter of the present research being the design and 
evaluation of EEOP tablet presets the need for such a drug that is 
characterized by poor water solubility, rapid absorption from the 
human GI tract, narrow absorption window and short plasma 
elimination half-life taking GG as an osmotic, swelling and 
expanding agent.  
One of the well known antidyslipidemic drug NA very well suits to 
all the above said parameters. Its peak plasma concentration after a 
single oral dose is attained within 45 minutes and ranges from 20 to 

70 minutes. The plasma elimination half-life of NA derived from the 
terminal (ß) phase of the plasma level curves after administration of 
a readily bioavailable formulation was about 45 minutes.7,8 If NA is 
administered overlooking the above said pharmacokinetic 
parameters it will lead to several unwanted effects such as 
gastrointestinal disturbances, gastric irritation and flushing of the 
skin which in due course prove to be a bane. But NA cannot be 
under estimated or sidelined in the management of dyslipidemia. 
Hence a surge to deal with all these unwanted side effects shall 
prove to be a boon. Delayed and slow-release formulations of NA 
have proved to be much better both as a treatment and to overcome 
its side effects.9,10 Of the several available osmotic agents the Guar 
gum (GG ) has been selected since it is well known as being capable 
of eliminating the usual undesirable flushing and itching side effects 
of NA while effectively lowering cholesterol levels.11 
MATERIALS AND METHODS 
Nicotinic acid (NA) used as model drug for this study has been 
procured from Western India, Pvt Ltd, Rajasthan, India. Guar gum 
(GG), Cellulose acetate (CA) and PEG-4000 from S.D. Fine 
Chemicals, Mumbai, India. Microcrystalline cellulose, Magnesium 
stearate, and Talc from Loba chemie, Pvt Ltd, Mumbai, India. All 
other ingredients used for the purpose of this study are of analytical 
grade only. 
METHODS 
Drug analysis 
NA was analyzed by using UV-Vis double beam spectrophotometer 
(UV-1800 ENG 240V Soft, Shimadzu, Japan) method at λ max 
261in pH (1.2) and 263nm in pH (6.8). Calibration curves were 
prepared without enzymes in acidic buffer (pH 1.2) and a phosphate 
buffer of (pH 5.0) and (pH 6.8) in the concentration range of 2–20 
µg/ml. Correlation coefficients were found to be R2 = 0.9999 in pH 
1.2, R2 = 0.9969 in pH 4.5 and  R2 = 0.9994 in pH 6.8. (Figures not 
shown in this paper)  
Preparation of core tablets  
All formulations containing NA and GG (Table 1) were blended 
with sieved and weighed lubricants and compressed into convex 
tablets with concave punches of 9.5mm diameter using 10-station 
rotary tablet compression machine (Rimek Mini Press-1, 



R.K. Mohamed Mutahar et al. IRJP 2011, 2 (9), 178-184 

INTERNATIONAL RESEARCH JOURNAL OF PHARMACY, 2(9), 2011 

Ahmadabad, India). Remaining nine die cavities of the machine 
were blocked with stainless steel solid blocks.  
Coating  
Tablets were coated by dip coating method manually. Cellulose 
acetate in acetone containing known levels of plasticizer (PEG-
4000) was used as coating solution. The coated tablets were dried at 
room temperature for 24 hrs. The amount of plasticizers used for 
different formulations are listed in Table 2. The coating of the core 
tablet was done manually by holding each single piece of core tablet 
with the help of forceps. The thickness of the coated tablets was 
measured by using Digital Vernier Caliper (Mitutoyo, Japan). 
Micromeritic properties of powder blend  
Bulk density (Db), tapped density (Dt), Percentage compressibility 
(PC), Hausner ratio (HR) and the angle of repose of powders were 
determined (Table 3). Db and Dt were determined by USP method I 
using a Tapped density tester (ETD 1020, Electrolab, Mumbai, 
India). Angle of repose by fixed funnel free standing cone method. 
PC and HR were calculated using Equ. (1) and (2). 
Percent compressibility = {(Dt – Db) / Dt} x 100 ----------------(1) 
Hausner ratio = Dt / Db ---------------------------------------------(2) 
Where, Dt and Db are tapped and bulk densities. 
Evaluation of physico-chemical parameters of core and coated 
tablets  
The prepared core and coated tablets were evaluated for 
thickness, diameter, weight variation, hardness, friability, drug 
content uniformity and percentage of drug release (Table 4 and 
5). Thickness and diameter of tablets was measured individually using 
digital vernier caliper (Mitutoyo, Japan). For the determination of 
weight variation, tablets of each batch, were randomly sampled and 
individual weight of tablets was taken in analytical balance (Sartorius 
Model TE-214 S (d=0.0001) Germany). The crushing strength of 
each tablet was measured using a Monsanto hardness tester 
(Campbell Electronics, Mumbai). The friability was measured 
using Friabilator (EF-2 Friabilator (USP) Electrolab, Mumbai), after 
which tablets weighed from each batch were rotated for 4 min at 25 
rpm and re-weighed, to test the percentage loss of weight.12-14 
Drug-excipient interaction studies 
Differential scanning calorimeter (DSC) and Fourier transforms 
infrared radiation (FT-IR) were used  for the assessment of possible 
incompatibilities between an active drug substance, polymer and 
excipients. 
DSC allows the fast evaluation of possible incompatibilities between 
an active drug substance, polymer and different excipients. It shows 
changes in the appearance, shift or disappearance of melting endotherms 
and exotherms, and/or variations in the corresponding enthalpies of 
reaction.15 The physical mixtures of drug with different excipients 
for compatibility studies were prepared by triturating drug and 
additives in a dried mortar for 5 min. subsequently it was sent to IIT 
Bombay, India for DSC. The thermograms reports of pure drug, 
optimal core tablets, and optimal coated tablets are shown in (Fig 
13). 
FT-IR. The drug–polymer compatibility studies were carried out 
using a Shimadzu FT-IR 8300 Spectrophotometer (Shimadzu, 
Tokyo, Japan) in the wavelength region of 4,000 to 400 cm−1. The 
procedure consisted of dispersing a sample (drug alone or mixture of 
drug and excipients) in KBr and compressing into pellets by 
applying pressure 15kg/cm 2 using Hydraulic pellet press.  
Uptake and erosion studies  
Uptake and Erosion of optimal core formulation before coating were 
determined under conditions identical to those described for the 
dissolution testing. The capacity for hydration (buffer medium 
uptake (pH 6.8)) and the extent of erosion were evaluated 
gravimetrically. For each time point, two tablets of each formulation 
were weighed individually and exposed to 900 ml pH 6.8 phosphate 
buffer medium. At specific time points, tablets were removed from 

the medium, patted gently with a blotting paper to remove excess 
surface water and then weighed on an analytical balance, dried at 
600C until constant weight was achieved and discarded. Percent 
weight gain (Hydration) and percent mass loss (Erosion) was 
determined from the following equations.16,17 
 
 
 
 
 
 
 
Estimation of drug content 
Content of NA in the prepared tablets was determined by randomly 
taking twenty tablets that were weighed and subsequently powdered 
using a pestle and mortar. Powder equivalent to the mass of one 
tablet was quantitatively transferred into a volumetric flask 
containing acidic buffer (pH 1.2 ± 0.1) and a phosphate buffer (pH 
6.8 ± 0.1) respectively. Following sonication, the sample was 
filtered through cellulose acetate Filters, 0.45 µm, (Millipore®), 
suitably diluted and analyzed at a λ max of 261 and 263nm using 
UV-Vis double beam spectrophotometer (UV-1800 ENG 240V Soft, 
Shimadzu, Japan). For each batch, the assay procedure was 
performed in triplicate. 
 In vitro release rate studies  

The in vitro drug release studies of prepared tablets were carried out 
using USP Type II dissolution test apparatus, (TDT–08L 
Dissolution Tester (USP) with automatic temperature controller, 
ETC–11L, Electrolab. Mumbai) in acidic buffer (pH 1.2 ± 0.1) 
from 0 to 2 hrs and phosphate buffer (pH 6.8 ± 0.1) from 2 to 12 
hrs. Rotation speed of 100 rpm at a temperature of 37±0.5o and a 
dissolution medium of 900 ml was maintained throughout the 
experiment. At predetermined time intervals, 10 ml of sample 
was withdrawn and replaced with the same volume of 
prewarmed (37± 0.5o) fresh dissolution medium. The samples 
withdrawn were filtered through cellulose acetate Filters, 0.45 µm, 
(Millipore®) suitably diluted and the absorbance of the solution was 
measured at λ max 261 and 263nm by using UV-Vis double beam 
spectrophotometer. The mean of six determinants was used to 
calculate the amount of drug released from the samples. The 
amounts of drug dissolved were plotted versus time as percent 
dissolved drug. These drug release profiles were fitted into several 
mathematical models to get an idea about the release mechanism of 
NA from the prepared tablets. 
Kinetic modeling of drug release 
After completing the in vitro dissolution of formulations, the 
release/dissolution of NA from optimal formulations was evaluated 
by kinetic models. These drug release profiles were compared by 
different kinetic model methods. The release patterns of optimal 
formulation were evaluated and calculated manually by Microsoft 
Excel 2007 using different equations of zero-order release kinetics 
(it describe the release rate of a drug is independent of its 
concentration), First-order release kinetics (release rate of a drug is 
concentration dependent), Higuchi's square root of time equation 
(the release rate of a drug is proportional to square root of time) and  
Hixson-Crowell cube root law (it describes the release from systems 
where there is a change in surface area and  diameter of particles 
or tablets). To find out the mechanism of drug release, the drug 
release data was fitted in Korsmeyer-Peppas model (described drug 
release from a polymeric system).The diffusion coefficient “n” 
value is used to characterize different release mechanisms. Such 
that the best possible release mechanism of NA from the optimal 
formulation could be identified.18-22 
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Statistical analysis of dissolution data 

In order to compare dissolution profiles, model-independent methods 
are used. The in vitro release profiles of NA in the optimal 
formulation before the stability studies was considered as reference 
formulation and the profiles of the optimal formulation after the 
stability studies are considered as test formulation. Model 
independent pair-wise approach, which involved the calculation of 
‘difference factor’ (ƒ1)  and ‘similarity factor’ (ƒ2) using equation (5) 
and (6) by Microsoft Excel 2007.  
 
 
 
 
 
 
The ƒ1 and ƒ2 provide a simple measure of similarity between 
pairs of dissolution profiles, the values of ƒ1 ranging  from 0 to 15 
and ƒ2 from 50 to 100 can be considered as superimposed dissolution 
profiles. 23,24 
Study the effect of release media and agitation rate on drug 
release profiles  
To study the effect of release media on the drug release profiles and 
to assure a reliable performance of the optimal formulation 
independent of pH, in vitro release studies were conducted in media 
of different pH. The release media was acidic buffer (pH 1.2) and a 
phosphate buffer of (pH 5.0) and (pH 6.8). In order to study the 
effect of agitation rate of the release media, release studies of the 
optimal formulation were performed in dissolution apparatus at 
various rotational speeds. USP Type II dissolution apparatus with 
rotational speeds of 50 rpm, 100 rpm, and 150 rpm was used. 
Phosphate buffer (pH 6.8) was used as dissolution media and 
samples were analyzed by UV-Vis double beam spectrophotometer. 
Accelerated stability studies 
To assess the stability of optimal formulation, the tablets were 
packed in strips of 0.04-mm thick aluminum foil laminated with 
polyvinyl chloride. 07 separate groups in different containers were  
stored in International Conference Harmonization (ICH) certified 
stability chambers, as India falls under climatic Zone III the stability 
chamber was maintained at 40° ± 2° / 75% RH ± 5% RH and 
subjected to accelerated stability studies as per ICH guidelines for 6 
months. The samples were withdrawn monthly (from 0 month to 6th 
Month) and evaluated for the different physico-chemical parameters 
viz., Physical appearance, % age drug content and dissolution 
characteristics after each month for 6 months. The assay and 
dissolution study followed the same procedure as previously 
described in this work. 25 
RESULTS AND DISCUSSION 
Micromeritic properties of powder blend 
As shown in Table 3, the powders of prepared formulations were 
evaluated for Db, Dt, PC, HR and angle of repose. The Db and Dt of 
formulations ranged from 0.122 ± 1.012 to 0.135 ± 1.104 g/ml and 
0.135 ± 0.102 to 0.154 ± 1.103 g/ml respectively. The PC and HR of 
powders of formulations ranged from 10.81 to 15.55% and 0.86 to 
1.07 respectively. Angle of repose ranged from 24.28 ± 1.43 o to 
26.47 ± 1.403o. As such all the results obtained indicate that the 
formulated powders match the compressibility and flow 
properties satisfactorily.  
Evaluation of physico- chemical characteristics of core and 
coated tablets 
As shown in Table 4 and 5, the results of thickness of core and 
coated tablets ranged from 6.34 ± 0.012 to 6.76 ± 0.010 mm and 
6.71 ± 0.201 to 6.94 ± 0.011 respectively and all prepared 
formulations showed uniform thickness. The drug content of 
both core and coated tablets ranged from 98.00 ± 0.111to 99.96 ± 
0.0131% indicating a uniform content in the formulations. Thus all 

prepared tablets in this study meet the USP 29 requirements for 
weight variation tolerance. The hardness and friability of core and 
coated tablets ranged from 5.1 ± 0.03 to 5.7 ± 0.83 Kg/cm2 and 6.3 
± 0.01 to 6.8 ± 1.05 Kg/cm2 and 0.79 to 1.08 and 0.12 to 0.29% 
respectively. The final comparison revealed that the prepared core 
and coated tablets were superior in hardness accompanied with 
very negligible amount in percentage weight loss. 
Swelling and erosion 
Since the rate of swelling and erosion is related and is deemed to 
affect the mechanism and kinetics of drug release, the penetration of 
the dissolution medium and the erosion of the hydrated tablets were 
determined. Simultaneously with the liquid uptake study, the degree 
of polymer erosion was measured. The percentage liquid uptake or 
Percent weight gain (Hydration) and percent mass loss (Erosion) of 
optimal core formulation at various time intervals is shown in Fig 
(1and 2). During swelling of the GG based tablets, an isotropic 
swelling phenomena (i.e., more swelling in the axial direction than 
in the radial direction on exposure to water) was seen. It follows 
that, the change in the swollen area of the system is directly related 
to the area exposed to water access. As shown in Fig 3 photographs 
of optimal formulation at different time intervals were taken to 
observe the surface texture of the core tablet. 
Influence of coating  
The prepared core formulations were manually coated with coating 
solution (Table. 2) by dip coating technique (0.06 to 0.21 mm – 
thickness of coating membrane (semipermiable membrane (SPM)).  
Each single piece of core tablet was dipped into the coating solution 
(CA 30% and PEG from 0 to 60% in acetone). PEG 4000 is used as 
plasticizer and also to enhance the physical–mechanical property of 
CA membrane. The surface of coated tablets had a smooth and 
uniform appearance.  
Evaluation of optimal formulation and study the influence of the 
polymer concentration on the release rate from osmotic device  
To study the influence of different concentrations of GG on NA 
release, core tablets were prepared in different batches of F1 to F4 in 
the range of 1:2 to 1:5.3 of NA and GG respectively as shown in 
Table 1. All prepared core formulations were coated with the coating 
solution using coating layer (CL3) which contains CA 30% and PEG 
48% in acetone (Table 2). As shown in Fig 4, the drug release 
profiles of all prepared coated formulations markedly affected the 
drug release rate from the osmotic devices. In the present paper 
work, of all the prepared coated formulations the formulation F4 in 
the ratio of 1:5.3 of NA and GG respectively, coating with CL3 with 
membrane thickness of 0.21mm has been considered as optimal 
formulation and taken for further studies. The prepared formulations 
showed, that on exposure to dissolution media, GG osmotic core 
imbibes peripheral dissolution media via the SPM. On contact with 
the dissolution media GG slowly and gradually swells, expands and 
dissolves such that a uniform viscous suspension gel of GG and NA 
is formed inside the device. This indicates that apart from osmotic 
pressure, the swelling and expanding of GG is very important in 
controlling the amount of drug release from osmotic devices. Thus, 
it can be concluded that the drug release mechanism from these 
devices is not only dependent on the simple osmotic mechanism but 
is also dependent on the driving force produced on the swelling and 
expanding of GG. An increase in the amount of GG resulted in an 
increase in the release of NA from device; this effect can probably 
be attributed to the suspending property of GG.  
SPM thickness and influence of varying amounts of PEG-4000 
on the drug release profiles 
Proper selection and optimization of the SPM thickness is one of the 
best ways to achieve a constant release rate of drugs from osmotic 
systems.26 Fig 5 represents the release profiles of osmotic devices 
formulated with different SPM thicknesses. To study the influence 

ƒ1 = {[Σ | Rt - Tt |] / Σ Rt} × 100 ---------------------------------------(5) 
 

ƒ2 = 50 × log {[1 / (1 + (Σ (Rt - Tt) 2 / N)]1/2  × 100} ------(6) 
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of varying amounts of PEG on the drug release profiles, the CA 
membranes were plasticized with 0%, 12%, 24%, 48%, and 60% of 
PEG (Table 2). Fig 5 shows that increase in PEG level led to an 
increase of drug release rate. As PEG is a hydrophilic plasticizer, it 
leached easily leaving behind a porous structure. There by 
enhancing the permeability of CA membrane. During this study it 
has been observed that the drug release rate was directly 
proportional to an increase in the amounts of PEG into the CA 
membrane. It was further found that the level of PEG of 48% as 
shown in CL 3 of Table 2, was suitable for achieving good linearity 
of release profile of optimal formulation. But a high percentage of 
PEG (60%) in coating layer CL4 of Table 2, in CA will increase the 
risk of fragility of the membrane and the complete drug release will 
end at 10th hour itself which is before the desired release time.. 
Influence of different release media and agitation rate on drug 
release profile 
An osmotically controlled release system delivers its contents 
independent of external variables. To study the effect of release 
media on the drug release profiles, dissolution tests of optimal 
formulation were carried out with different pH like acidic buffer (pH 
1.2) and a phosphate buffer of (pH 5.0) and (pH 6.8). The release 
profiles of optimal formulation in the release media as shown in Fig 
6 made it clear that although the pH of media increased, the rate of 
drug release was not significantly different. Therefore, it may be 
concluded that the drug release from optimal formulation exhibited a 
media-independent release. Thus, the fluid in different parts of the 
gastrointestinal tract will scarcely affect drug release from optimal 
formulation. To study the effect of stirring rate on the drug release 
profiles, dissolution tests of optimal formulation were carried out at 
different stirring rates of 50 rpm, 100 rpm and 150 rpm in (pH 6.8). 
Fig 7 shows that an increase in the rate of stirring did not 
significantly affect the release rate of the drug. Thus, the mobility of 
the gastrointestinal tract may scarcely affect the drug release of 
optimal formulation. 
In vitro drug release and Kinetic modeling of drug release 
The in vitro release was performed for 2 hrs in acidic buffer (pH 1.2) 
and followed by 10 hrs in phosphate buffer (pH 6.8). As shown in 
Table 5 the optimal formulation releases 98.2% of NA at 12th hour 
by utilizing NA and GG in the ratio of 1:5.3. The criteria employed 
to select the ''best fit model'' was the one with the highest correlation 
coefficient determination (Table 6). The best linearity of the optimal 
formulation was found in zero order release profile (Fig 8) (R2 = 
0.991) which indicate that the drug release from optimal formulation 
was independent of drug concentration and it also follows the Higuchi 
model (Fig 9). But it did not follow the first order release kinetics 
(Fig 10) and Hixson crowell (Fig 11).To find out the mechanism 
of drug release, the drug release data were fitted in Korsmeyer-
Peppas model (Fig 12). The value of diffusion coefficient “n” of 
optimal formulation was 0.74 (Table 6) which indicates that the 
release pattern of NA from optimal formulation followed anomalous 
transport mechanism, also known as non-Fickian release mechanism 
which refers to a combination of both diffusion controlled and 
swelling controlled drug release  
Statistical analysis of dissolution data 

The U.S. FDA and European Medicines Agency have adopted 
similarity factor as a criterion for assessment similarity between two 
in vitro release profiles. Hence release profiles of optimal 
formulation were compared by calculating two statistically derived 
mathematical indices, viz., Difference factor ƒ1 and Similarity factor 
ƒ2 using Microsoft excel 2007.The “test optimal formulation” (after 
six months storage) as against the “reference optimal formulation” 
(before storage) resulted in a more linear release profile of (R2 = 
0.991 for upto 98.2% release) and (ƒ1=16.76 and ƒ2 =76.24) as shown 
in Fig 13, having similarity to the “reference optimal formulation” (R2 
= 0.994 for upto 95.7% release). 

Drug-excipient interaction studies 
Fig 13 shows the DSC thermograms of NA and, core and coated 
optimal formulation of tablet. No significant changes in the 
endotherms were observed as the drug exhibited a sharp melting in 
the core and coated formulation. From the DSC thermograms it 
was clear that no specific interaction between the drug, polymer and 
excipients used in the optimal formulation. As shown in Fig 14, the 
principal IR absorption peaks of NA at 1596, 1662, 2845 and 3400 
cm -1 were obtained. The spectra of the mixture of NA and GG 
revealed the IR absorption peaks at 1114, 1138, 1246, 1596, 1600, 
1703, 2845, 3421 and 3632 cm.-1 The spectra of the optimal 
formulation showed the IR absorption peaks almost similar to those 
of the mixture of NA and GG thus indicating that no chemical 
interaction occurred between NA and the excipients used. 
Accelerated stability studies  
The optimal formulation was subject to accelerated stability studies 
for 6 months as per ICH guidelines. The parameters like color, % 
drug content and % drug release were evaluated. As shown in Table 
7 the stability studies of optimal formulation made it clear that only 
negligible amount of drug content degraded and release pattern was 
almost unaffected and could be claimed to be stable at the end of six 
months. As shown in Fig 13, the f1 and f2 factor confirms that the 
release of NA from the optimal formulation as test (before storage) 
was superimposed to the release of NA from optimal formulation as 
reference (after storage). 
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Table 1. Composition of core tablets 
Formulation code Nicotinic acid : Guar gum 

F1 1: 2 
F2 1: 4 
F3 1: 5 
F4 1: 5.3 

 
Table 2. Composition of coating Solution and membrane thickness 

Coating layer 
Code 

Coating Material SPM 
Thickness 

(mm) PEG-4000 in acetone 
(%  w/w) 

Cellulose acetate 
(%  w/w) 

CL0 0 30 0.06 

CL1 12 30 0.11 

CL2 24 30 0.17 
CL3 48 30 0.21 
CL4 60 30 0.28 

 

 
Table 3. Micromeritic properties of powder blend 

Formulations Angle of 
Repose* (0º) 

Bulk Density 
*(g/ml) 

Tapped Density *(g/ml) Compressibility * 
(%) 

Hausner Ratio 

F1 24°.88' 
±1.02 

0.122 
±1.012 

0.142 
±0.022 

14.08 0.86 

F2 24°.35' 
±0.023 

0.114 
±0.01 

0.135 
±0.102 

15.55 1.07 

F3 26°.47' 
±1.403 

0.132 
±1.123 

0.148 
±0.022 

10.81 0.89 

F4 24°.28' 
±1.43 

0.135 
±1.104 

0.154 
±1.103 

12.33 0.88 

*Mean ± SD n = 3 (All values are the average of three determinations) 
 

Table 4. Physico- chemical characteristics of all prepared core formulations 
Formulations Thickness* 

(mm) 
Hardness* 
(kg/cm2) 

Weight variation* 
test (%) 

Friability 
(%) 

Drug 
Content* (%) 

F1 6.37±0.011 5.7  ±0.83 532.17 
±1.54 

0.79 98.00±0.111 

F2 6.34±0.012 5.1±0.03 531.67 
±1.42 

0.86 98.80±1.02 

F3 6.76±0.010 5.5 ±0.83 532.54 
±1.11. 

1.6 99.2±1.121 

F4 6.64±0.012 5.6 ±0.3 532.23 
±1.89 

1.08 99.08±0.011 

*Mean ± SD n = 3 (All values are the average of three determinations) 
 

Table 5. Physico- chemical characteristics of optimal formulation (F4)). 

op
tim

al
 fo

rm
ul

at
io

n 
(F

4)
 

Coating 
layer code 

Thickness* 
(mm) 

Hardness* 
(kg/cm2) 

Weight 
variation* test 

(%) 

Friability 
(%) 

Drug 
Content* (%) 

Drug 
release* (%) 

CL0 6.71±0.201 6.8 ± 1.05 533.5 
±0.55 

0.16 99.06 ±0.12 54.8±1.21 

CL1 6.75±0.102 6.3 ± 0.01 533.89 
±0.46 

0.29 98.98±0.000 67.8±1.001 

CL2 6.82±1.111 6.5 ± 0.73 534.72 
±0.17 

0.6 99.08±0.011 84.3±0.12 

CL3 6.85±0.013 6.6 ± 0.14 534.12 
±0.91 

0.18 99.96±0.0131 98.2±0.101 

CL4 6.94±0.011 6.4 ±0.111 533.91 
±0.21 

0.12 98.76±0.022 99.12±0.13 

* Mean ± SD, n = 3 (All values are the average of three determinations) 
 

Table 6. Correlation coefficient values obtained from in-vitro release data of optimal formualtion. 
Zero order Higuchi 

model 
First 
order 

Hixson 
Crowell 
Model 

Korsmeyer-Peppas 
Model 

R2 R2 R2 R2 R2 Diffusion 
exponent (n) 

Release mechanism 
 

0.991 0.950 0.815 0.940 0.715 0.74 Non Fickian diffusion 
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Table 7: Accelerated stability studies of optimal formulation. 

Condition 40 ° ± 2 ° / 75 % RH ± 5% RH 

Sampling period 0  Month 1st Month 2nd 
Month 

3rd Month 4th 
Month 

5th Month 6th Month 

Pa
ra

m
et

er
s 

E
va

lu
at

ed
 

(n
=3

) 

Color White White White White White Pale yellow Pale yellow 
Drug Content 

(%) 
99.3± 
0.22 

98.40 
±0.001 

98.12 
±0.201 

97.97 
±0.23 

97.87 
±0.034 

97.43 
±0.12 

97.12 
±0.02 

Drug Release 
(%) 

98.2 
±0.101 

97.98 
±0.202 

97.12 
±0.132 

97 
±1.01 

96.82 
±1.03 

96.02 
±1.32 

95.7 
±0.12 
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Figure 1 Swelling behaviour of optimal core formulation (F4) at different time 

intervals in pH 6.8. 
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Figure 2 Erosion behavior of optimal core formulation (F4) at different time 

intervals in pH 6.8. 
 

 
Figure 3. Photographs showing Surface texture of optimal core formulation at 

different time span. a). 02 hrs. b).  06 hrs. c).  08 hrs. d).  10 hrs. 
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Figure 4.  In Vitro dissolution profile of prepared coated formulation. 
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Figure 5.Effect of PEG on release profile of optimal formulation. 
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Figure 6. Effect of different pH on release profile of optimal formulation. 
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Figure 7. Effect of agitation at different rpm in pH 6.8 on release profile of 

optimal formulation 

 
Figure 8. Zero order kinetics ( Cumulative % drug released Vs Time in hours) 

 
Figure 9. Higuchi (Square root) kinetics (Cumulative % drug released Vs SQRT 

Time) 

 
Figure 10. First order kinetics (Log cumulative % drug remaining Vs Time in 

hours) 
 

 
Figure 11. Hixon Crowell cube root (CBR) plots (CBR % drug remaining Vs 

Time). 
 

 

 
Figure 12. Korsmeyer-Peppas model der kinetics (Log cumulative % drug 

released Vs Log time) 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure13: Comparative in vitro release profile of optimal formulation before and after 

storage. 
 

 
Figure 13. Differential scanning calorimetry thermograms of NA, core of optimal 

formulation and coated optimal formulation 
 

 
Figure 14.  FTIR of   a). Pure drug (Nicotinic acid).  b). Mixture of Nicotinic acid and 

Guargum. c). Optimal formulation 
 
 

 
 


