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ABSTRACT 
 
Gastroretentive delivery system of niacin, water soluble vitamin B3, used in Hyperlipidemia is developed, having prolonged gastric residence time. Niacin 
has a narrow absorption window. It is mainly absorbed from the stomach and upper part of GIT through carrier mediated transport system. The main 
objective of this study was to develop floating granules of Niacin that will have a floating time of at least 8-10 hours and an in vitro release profile similar 
to the FDA approved target in vitro release profile. The floating granules were prepared by wet granulation technique and optimized by applying Simplex 
Mixture design. The optimized floating granules obtained had a floating time of 8 hours and desired in vitro release profile. The formulation was found to 
have good yield 92%, drug entrapment efficiency 93.30%, and particle size in the range 558.06 to 634.32µm, and release varied from 9.96% to 89.31%. 
The mechanism of release of Niacin from the batches of floating granules was found to be either anomalous diffusion or Case II transport. The optimum 
formulation consisted of two batches F4 and F7 in the ratio 41:59 % w/ w, which afforded maximum floating time and similar drug release profile 
compared to the standard. 
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INTRODUCTION 

For many decades, treatment of acute disease or a chronic illness has 
been mostly accomplished by delivery of drugs to patients using 
various pharmaceutical dosage forms including tablets, capsules, pills, 
suppositories, creams, ointments, liquids, aerosols, and injectable as 
drug carriers [1].  The goal of any drug delivery system is to provide a 
therapeutic level of drug to the proper site of action, promptly and 
then maintain the desired drug concentration that elicits the desired 
pharmacological action and minimum adverse effects. This idealized 
objective aims at spatial placement and temporal delivery of a drug. 
Spatial placement relates to a specific organ or tissue, while temporal 
delivery refers to controlling the rate of drug delivery to the target 
tissue [2]. 

 
To achieve this goal, it would be advantageous and more convenient 
(patient friendly) to maintain a dosing frequency to once, or at most, 
twice-daily regimen.  An appropriately designed extended release 
dosage form can be a major advance in this direction compared to 
conventional immediate release dosage forms. The development of 
improved method of drug delivery has received a lot of attention in the 
past four decades [3]. Drug may be administered by variety of routes 
but oral administration is adopted wherever possible. It is safest, 
easiest, and most economical route of drug administration. Amongst 
drugs that are administered orally solid oral dosage forms i.e. tablets 
and capsules, represent the preferred class of products. 
 
Out of the two oral solid dosage forms, the tablets have number of 
advantages like tamper proof, low cost, and speed of manufacturing 
(direct compression), ease of administration, patient compliance, and 
flexibility in formulation etc. Pharmaceutical products designed for 
oral delivery are mainly conventional drug delivery systems, which are 
designed for immediate release of drug for rapid/immediate 
absorption and do not maintain the drug level in blood for an extended 
period of time. The short duration of action is due to the inability of 
conventional dosage form to control temporal delivery. However, in 
the case of narrow absorption window drugs, such dosage forms do 
not succeed in sufficient absorption of drugs. Gastroretentive dosage 
forms are designed to retained in the stomach for a prolong time and 
release drug there thus enable sustained and prolog input of drug to 
the upper part of GI tract. This technology helps improved oral delivery 
of such important drugs for which prolong retention in upper GI tract 
can greatly improve a bioavilability and therapeutic outcome [4]. In 
order to overcome the drawbacks of conventional drug delivery 
systems, several technical advancements have led to the development 
of controlled drug delivery system that could revolutionize method of 
medication and provide a number of therapeutic benefits [1]. The 
common rationale underpinning all systems is to modulate the 
magnitude and duration of drug action and to dissociate or modify 
these from the inherent limitations and properties of the drug 
molecules [5].  
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There is continuously growing interest of the pharmaceutical industry 
for drug delivery in sustained or controlled release form. There is also 
a high interest for dosage formulations allowing high loading, 
particularly for drugs requiring high therapeutic concentrations in 
circulation. For this purpose, various polymeric systems were studied 
and interesting release kinetics was obtained from pharmaceutical 
dosage forms such as microparticles, nanosphears, and microcapsule 
tablets with high loading capacity. Analysis of the release data for these 
forms showed the effects of drug solubility and loading as well as the 
influence of the characteristics of polymer or of the other excipients on 
the release mechanism. In the monolithic dosage forms, the size and 
the weight of the tablets are important parameters. There is a need for 
controlled release system to realize formulation with smaller amount 
of polymeric excipients able to control the release of higher amounts of 
drug from high loading dosages [6].  Many drugs categorized as once a 
day delivery have been demonstrated to have sub optimal absorption 
due to dependence on the transit time of the dosage form, making 
traditional extended release development challenging. Therefore, a 
system designed for longer gastric retention will extend the time 
within which drug absorption can occur in the small intestine [7].  The 
development of oral controlled-release drug delivery system has been 
hindered by the fluctuation in gastric emptying time, the variation in 
pH in different segments of the GI tract, and the difficulty of localizing 
an oral delivery system in a selected region of the GI tract. A 
gastroretentive drug delivery system (GRDDS) can overcome at least 
some of these problems and is particularly useful for drugs that are 
primarily absorbed in the duodenum and upper jejunum segments. 
The GRDDS is able to prolong the retention time of a dosage form in 
the GI tract, thereby improving the oral bioavailability of the drug [8]. 
 
A modified release drug delivery system with prolonged residence 
time in the stomach is of particular interest for drugs [9]; 

 Having an absorption window in the stomach or in the upper 
part of small intestine (narrow absorption window drugs). 

 Acting locally in stomach 
 Those are unstable in the intestinal or colonic environments, or 
 Having low solubility at high pH values. 
 
The need for gastroretentive dosage forms has led to extensive efforts 
in both academia and industry towards the development of such drug 
delivery systems. These efforts resulted in gastroretentive dosage 
forms, which were designed in large part based on the following 
approaches:  
 
a. low density form of the dosage form that causes buoyancy above 

gastric fluid;  
b. high density dosage form that is retained in the bottom of the 

stomach;  
c. bioadhesion to the stomach mucosa;  
d. slowed motility of the gastrointestinal tract by concomitant 

administration of drugs or pharmaceutical excipients;  
e. expansion by swelling or unfolding to a large size which limits 

emptying of the DF through the pyloric sphincter [4]. 
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Niacin (Nicotinic acid) is a water-soluble vitamin, acts as a precursor to 
the synthesis of the coenzymes NAD and NADP, which are involved in 
important reactions that maintain the redox state of cells (e.g., 
glycolysis, pentose phosphate shunt). In pharmacological doses, niacin 
reduces plasma triglycerides, cholesterol, and atherogenic 
apolipoprotein B (apoB)-containing lipoproteins and increases anti-
atherogenic apoA-I-containing high-density lipoprotein level, thus 
preventing atherosclerotic cardiovascular disease. Several studies have 
been conducted to prove that niacin is narrow absorption window 
drug. Results of these studies demonstrated the existence of a highly 
specialized, acidic pH-dependent (mainly in stomach and small 
intestine), high-affinity, carrier-mediated system for niacin uptake by 
human intestinal epithelial cells. Therefore, it is beneficial to formulate 
GRDDS of niacin, which will extend gastric retention time and 
ultimately increase bioavailability and decrease unnecessary drug loss 
[10]. 
 
MATERIALS AND METHODS 
 
Materials   
   
Niacin IP obtained from Centurion Laboratories, Vadodara; 
Ethaylcellulose from Strides Acro lab, Bangalore; Acrycoat S-100 from 
Corel Lab, Ahmedabad; Sodium bicarbonate from Qualigens Fine 
chemicals, Mumbai; Carnauba wax from ACE laboratories; Acetone, 
Methanol, Sodium lauryl sulphate from Merck Pvt. Ltd., Mumbai; 
Hydrochloric acid from Ranbaxy Fine Chemicals Ltd., New Delhi; 
Liquid paraffin from Qualigens Fine chemicals, Mumbai. 
 
Instrument Used 
 
UV/VIS Spectrophotometer- UV-1700, Shimadzu Corporation, Japan; 
Electronic balance (BL-220H)- Shimadzu Corporation, Japan; 
Dissolution apparatus (8 jar)- Lab India Disso 2000, Chennai; pH 
meter- Digisun Electronics, Mumbai; Sieve sets- Techno Instruments 
comp, Banglore; Bulk density- USP-11 Elecro lab,Bangalore; Magnetic 
stirrer- Spinit,Tarsons; Scanning electron microscope- JSM – 840A Jeol-
Japan; X-ray Diffraction- Philips PW1710; Differential scanning 
calorimetry- Universal V3.0G TA instruments. 
 
Preformulation study for selection of polymers 
 
The drug was tested for Identity purity and Assay. Commonly used 
pharmaceutical ingredients were screened for the purpose of selecting 
polymers that can impart floating characteristic to the granules like 
ethylcellulose, carnauba wax, Acrycoat S-100, and Sodium bicarbonate 
etc. The polymers were passed through a BSS #100 sieve. The 
dissolution medium used to study the floating behavior was 0.1N HCl. 
Powder of each polymer (about 100mg) was sprinkled in glass beaker 
(diameter-6 cm) containing 100ml of dissolution medium. The floating 
characteristics were observed at 0, 2, 4, 6, and 8 hrs. 
 
Formulation of floating granules 
 
Trail formulations were prepared using ethyl cellulose and Carnauba 
wax, eudragit S-100, sodium bicarbonate. Floating granules containing 
niacin were prepared by wet granulation technique using varying 
content of different polymers with sodium bicarbonate (Table 1). 
Polymers and niacin were mixed homogeneously using glass mortar 
and pastle. Acetone was used as granulating fluid. Granules were 
prepared by passing the wet coherent mass through a BSS # 16 sieve. 
The granules were dried in hot air oven at a temperature of 40 C dried 
granules were sieved through BSS # 20/44 sieves.  
 
Optimization Procedure 
 
Optimization of floating granules was done using Simplex mixture 
design as per composition (Table 2). 
 
Evaluation parameter of granules 
 
The Final optimized granules were evaluated for % yield, Particle size 
distribution, Drug content of the granules, Drug Entrapment Efficiency 
(DEE) and Buoyancy / Floating Test (Table 3), Surface Topography 
(SEM) (Figure 2), X-ray powder diffraction study (Figure 3) and 

Mechanism of drug release, Statistical optimization of formulation 
(ANOVA) (Table 4), In vitro Drug Release Study ( Figure 4-7) 
RESULTS 
 
Melting point 
 
 The Melting point of niacin was found between 2350 C and 235.50 C 
which matched with reported data. 
 
Table 1. Composition of Formulations  
 

F 
Drug 
(mg) 

EC 
(mg) 

CW 
(mg) 

AC 
(mg) 

NaHCO3 
(mg) 

F1 400 300 100 ---- 80 

F2 400 200 200 ---- 80 

F3 400 100 300 ---- 80 

F4 400 400 ---- ---- 80 

F5 400 360 40 ---- 80 

F6 400 300 ---- 100 80 

F7 400 650 ---- ---- 105 

F8 400 800 ---- ---- 120 

F = Formulations, EC = Ethyl Cellulose, CW = Carnauba wax, AC = 
Acrycoat S-100, NaHCO3 = Sodium bicarbonate. 
 
Table 2. Formulations of Simplex mixture design 
 

Formulation 
code 

Fraction of formulations 

F4 F7 

M1 1 0 
M2 0.5 0.5 
M3 0 1 
M4 0.75 0.25 
M5 0.25 0.75 
M6 0 1 
M7 1 0 
M8 0.5 0.5 

 
UV Spectrum  
 
The UV spectra of Niacin in methanol and 0.1 N HCl was scanned 
between 200 and 400 nm at medium scanning speed using 20μg/ml 
solution in 1 cm quartz cell. λmax of 263 nm was found for methanolic 
solution as well as 0.1 N HCL This was utilized for  preparation of 
standard curve.  
 
IR Spectrum 
 
IR spectra of Pure Niacin, Ethyl cellulose, and Granules of   Formulation 
F4 (Figure 1) were compared. There was no discernible shift/ 
appearance/disappearance of new peaks in drug-polymer combined 
spectra that indicated good drug-polymer compatibility. 
 
Scanning Electron Microscopy of Final Formulation   
 
The SEM Study of single granules and granules in group were 
conducted before and after 24hr dissolution at the magnification of 
X40, X60 and X75 (Figure 2). The SEM photograph appearance of small 
pores in granulation after 24hr dissolution which indicates Higuchi 
kinetics secondary release mechanism.  
 
X-Ray Diffraction Studies (XRD) 
 
X-Ray Diffraction Study of the pure drug, polymers and the optimized 
formulation F4 was conducted (Figure 3). It revealed that there is 
drastic change in crystallinity of Niacin in the formulation indicating 
homogenious distribution of drug in the polymer and improved 
dissolution because of changing crystilinity. 
 
Evaluation of Formulation 
 
All the eight formulations F1-F8 were evaluated for %yield, Drug 
content, DEE, Particle size, % Floating and bulk density, % 
compressibility, angle of repose (Table 3). 
 



 
FS J Pharm Res | 2012 | Vol 1 | No 3 42 Thakur et al. 

Dissolution Profile of Formulations 
 
Six trail formulations (F1, F2, F3, F5, F6, and F8) were made and 
dissolution was conducted in 0.1N HCl (Figure 4). After evaluating 
these results two optimized formulations (F4 and F7) were made and 
dissolution was compared with marketed product. Comparison of 
dissolution profile of formulation F4, F7 and marketed product (Figure 
5). Similarity factor (f2) was calculated from In vitro release profile of 
niacin from marketed product and prepared formulations F1-F8 (Table 
5). Dissolution profile was analyzed to determine mechanism of 
formulation (F1-F8). R2 

, K, and n values of the release profiles of each 
formulation (Table 6). 
 
Dissolution Profile of Mixture Formulations 
 
Dissolution study of mixture formulations (M1-M8) were conducted 
under similar conditions (Figure 6). 
 
Optimization of the formulation  
 
Dissolution profiles of mixture formulations (M1-M8) for 9 hrs were 
subjected to statistical annalistic by applying ANOVA (Table 4). Based 
on these results a final optimized formulation was developed and its 
dissolution study profile was compared with market product (Figure 
7). 
 
Optimization Strategy for the formulation  
 
Optimization of the formulation was done by applying Simplex mixture 
design (Table 7). 
 

 
 
DISCUSSION 
 
Floating drug delivery system belongs to oral controlled drug delivery 
system group, which are capable of floating in the stomach. These 
dosage forms are also called as Gastro Retentive drug delivery system 
or hydrodynamically balanced dosage form or gastric floating drug 
delivery system, which can float in the contents of the stomach and 
release the drug in a controlled manner for prolonged period. The 
release rate is controlled depending upon the type and concentration 
of the polymer, which swells, leads to diffusion and/or erosion of the 
drug. 
 
Table 3. Formulation evaluation data 
 

 
Table 4. ANOVA. 
 

P (LOF) = Probability of error in Lack of Fit model; PRESS=Predicted 
Residual Sum Square 
 
 
 

Table 5. Similarity factor (f2) of different formulation 
 

Form. No. Similarity factor f2 

F1 31.52 
F2 16.71 
F3 14.22 
F4 84.60 
F5 37.88 
F6 22.81 
F7 91.18 
F8 76.58 

 
The main objective of the present research work was to formulate a 
multiparticulate gastroretentive dosage form of niacin. To achieve 
these objectives, various formulations were prepared by using trial 
and error method, preceeded by preformulation studies including 
analytical investigations, choice of analytical methods, the 
standardization and validation of procedure and preliminary 
formulation trials. In the present work there was a need for the 
selection of suitable polymer and other excipients. The selected 
ingredients and their singular and collective effect on the 
physicochemical and pharmaceutical properties of the dosage forms 
also needed to be studied during preformulation phase. Niacin was 
identified by melting point, UV-Visible scanning, IR spectra, and XRD.  
 
There was no discernible shift/ appearance/disappearance of new 
peaks in drug-polymer combined spectra that indicated good drug-
polymer compatibility. After ensuring the purity of the drug and 
verifying its λmax in appropriate solvent, the standard calibration 
curve was prepared which exhibited linear relationship from 1µg/ml 
to 5µg/ml at 263nm in 0.1N HCl. The same was carried out in methanol 
and was found to be linear in the same concentration range. The next 
step in the study was the preparation and in vitro evaluation of the 
floating granules containing niacin by taking into consideration the 
various formulation variables (such as drug to polymer ratio, and 
polymer to polymer ratio). Initial trials were taken to check the in vitro 
release profile and floating characteristics of different polymers. First 
three batches were prepared by using EC and Carnauba wax with 
NaHCO3. Drug and polymer ratio was taken as 1:1, and EC and 
Carnauba wax were taken in the ratio of 75:25. Sodium bicarbonate 
(NaHCO3) was added to the formulation which upon contact with HCl 
liberates carbon dioxide (CO2) and expels from the dosage form 
creating pores, through which the water can penetrate into the dosage 
form and the rate of wetting of polymer increases and the time 
required for drug release decreases. Several trial batches were 
prepared by using same polymers, but ratio of EC and Carnauba wax 
was different. 
 

These prepared formulations also 
failed to achieve desired target. 
Another three trial batches were 
taken by using only EC in different 
ratio like 1:1, 1.5:1 and 2:1 with the 
drug to get desired drug release from 
the formulation. Fourth and seventh 
formulation gave release profile, 
which was very near to the target and 
they also showed good floatation. The 
mechanism of release of the above 
formulations was determined by 

finding the R2 value for each kinetic model viz. Zero-order, First-order, 
Highuchi, and Korsmeyer-Peppas corresponding to the release data of 

each formulation. 
For most of the 
formulations the 
R2 value of first 
order and 
Highuchi model is 
very near to 1.  
 
The Korsemeyer-
Peppas release 
exponent ‘n’ for 

most 
formulations were near 1.0 indicating a case II transport being 
operative and in some cases anomalous release was also seen. To 
match the dissolution profile of formulation with the target dissolution 
profile, simplex mixture design was utilized. Two formulations were 

Formulations F1 F2 F3 F4 F5 F6 F7 F8 

Yield (%) 79.95 86.58 85.95 89.76 90.88 92.00 89.40 87.34 
Drug Content (%) 39.12 34.93 35.72 43.91 39.52 40.11 37.32 29.94 
DEE (%) 78.24 69.86 71.44 87.82 79.04 80.22 93.30 89.82 
Particle Size (μm) 560.9 573.02 566.66 558.06 534.47 612.92 634.62 616.01 
% Floating  
(after 8 hr) 

82.02 77.60 76.20 90.26 87.66 85.90 92.22 93.80 

Untapped bulk density (b) 0.375 0.333 0.352 0.400 0.363 0.352 0.387 0.324 
Tapped bulk density (v) 0.413 0.375 0.413 0.461 0.444 0.428 0.461 0.363 
% Compressibility 10.34 12.50 17.24 15.38 22.22 21.42 19.23 12.12 
Angle of Repose (θ) 28.61 22.61 26.56 19.65 19.98 24.77 21.80 22.61 

Parameter Model F P<0.05 P (LOF) R2 adj. R2 pred. PRESS 

CDR1 CDR1 = +12.34341*F4 +9.63697* F7 92.08 < 0.0001 0.24 0.9286 0.8812 1.04 
CDR2 CDR2 = +19.37736*F4 +17.11914*F7 250.69 < 0.0001 0.24 0.9727 0.9545 0.27 
CDR3 CDR3 = +25.51353*F4 +23.4690* F7 205.92 < 0.0001 0.22 0.9670 0.9437 0.27 
CDR4 CDR4 =  +30.5383* F4  +27.9239* F7 156.32 < 0.0001 0.12 0.9569 0.9173 0.66 
CDR5 CDR5 = +36.6262* F4 +35.2022* F7 27.99 0.0018 0.18 0.7940 0.6300 1.03 
CDR6 CDR6 = +43.5267* F4 +39.2083* F7 414.82 < 0.0001 0.22 0.9834 0.9717 0.60 
CDR7 CDR7 = +47.1581* F4 +43.5747* F7 132.25 < 0.0001 0.25 0.9494 0.9165 1.26 
CDR8 CDR8 = +52.1053 * F4 +49.5186* F7 75.00 0.0001 0.11 0.9136 0.8319 1.37 
CDR 9 CDR 9  = +58.9752 * F4 +55.6711 *F7 250.39 < 0.0001 0.12 0.9727 0.9473 0.66 
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mixed in different proportion and then dissolution was evaluated. 
Numerical optimization of the modeled response polynomial yielded 
an optimum batch of granule blend of F4 & F7 in the ratio 41:59 that 
afforded achievement of the targeted release profile. Since, the 
formulations F4 & F7 were shown to have the best floating time, drug 
entrapment and yields, a combination thereof satisfying the 
requirement of release profile is the natural choice as the optimum 
formulations. 
 
XRD studies of the formulation indicated a drastic reduction of 
crystallinity of the drug in the formulation which is essential for 
homogeneous distribution. SEM studies showed appearance of a small 
no. of pores after dissolution, indicating Higuchi kinetics as a 
secondary release mechanism. Thus the overall objective of developing 
a multiunit floating delivery for a narrow absorption window drug 
Niacin was achieved and is expected to provide a better alternative to 
single unit OD formulation for treatment of unresponsive 
hyperlipidemia. 
 

 
 

 

 
Figure 1. IR spectrum of (A) Pure Niacin, (B) Ethyl cellulose, (C) 

Granules of   Formulation F4 (drug: polymer =1:1), (D) 
Comparison of EC, Niacin, Formulation F4 (1:1 of drug and 
polymer). 

 
CONCLUSION 
 
From the present study it can be concluded that application of 
optimization technique, can give optimized formulation with minimum 
expense of time and money. Gastroretentive granules of niacin were 
successfully prepared using Ethyl cellulose and sodium bicarbonate as 
excipients by wet granulation method and the formulated granules 
gave satisfactory results for various physicochemical parameters and 
in vitro drug release. 
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Figure 2. SEM of (A) Granules in group before dissolution, (B) Single 

granule before dissolution,  (C) Granules in group after 24 
hrs. dissolution, (D) Single granule after 24 hrs. dissolution 

 

 

 
 

 
 
Figure 3. XRD of (A) Pure Niacin, (B) Ethylcellulose, (C) blank 

formulation, (D) Niacin Formulation F4 
 

 
 
 Figure 4. Dissolution study profile of F1, F2, F3, F5, F6, and F8 
 

 
 
Figure 5. Comparison of dissolution profile of F4 & F7 with market 

product 
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Figure 6. Dissolution profiles of mixture formulations (M1.M2, M3, 

M4,M5, M6, M7, M8) 
 

 
 
Figure 7. Comparison of dissolution profile of final formulation with 

Niaspan FDA 
 
Table 6. Mechanism of drug release 

NOTE: R2 = Coefficient of determination, K= Release rate constant, n = 
Diffusion exponent 
 
Table 7. Optimization of formulation by Simplex mixture design  
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Form. 
No. 

First order Zero order Higuchi Hixon-crowell 
Korsemeyer 

peppas 

R2 K R2 K R2 K R2 K R2 N 

F1 0.981 -0.105 0.992 10.78 0.986 44.95 0.993 -0.25 0.863 0.695 
F2 0.927 -0.11 0.663 8.366 0.905 31.57 0.430 -0.34 0.870 0.384 
F3 0.928 -0.14 0.630 8.675 0.897 33.75 0.419 -0.34 0.868 0.369 
F4 0.995 -0.039 0.993 5.420 0.991 24.67 0.984 -0.16 0.891 0.729 
F5 0.972 -0.063 0.938 6.553 0.974 33.42 0.914 -0.15 0.945 0.684 
F6 0.992 -0.058 0.984 3.83 0.987 17.50 0.978 -0.07 0.898 0.432 
F7 0.993 -0.035 0.994 5.180 0.992 22.59 0.986 -0.16 0.890 0.746 
F8 0.996 -0.035 0.996 5.325 0.993 23.61 0.987 -0.17 0.891 0.812 

Formulation 
 Parameters 

Responses % CDR 

1 2 3 4 5 6 7 8 9 F2 

Target 
(Niaspan FDA) 

10 18 24 29 36 41 45 51 56 - 

Predicted 10.75 18.04 24.3 28.9 35.7 40.98 45.0 50.5 57.03 97.873 
Experimental 9.960 17.63 24.2 29.2 35.3 41.22 45.2 49.6 56.46 89.911 
% Error w.r.t Target 0.398 2.024 1.00 0.82 1.89 0.550 0.49 2.65 0.831 - 
% Error w.r.t Predicted 7.355 2.288 0.28 0.82 1.31 0.585 0.38 1.85 0.99 - 


