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ABSTRACT

Hydroxypropyl methylcellulose (HPMC-4000cps, fixed amount), various 
contents of calcium hydroxide, stearyl alcohol, magnesium stearate, 
different drug: PVP ratios and altered tablet hardness were used to design 
floating tablet formulation capable to deliver glibenclamide in a sustained 
manner. Both full factorial and Box-Wilson designs, in consecutive 
manner, were used to investigate for the influences of these formulation 
variables on the developed dosage form performance and drug release. 
Tablet hardness has revealed an influential effect on tablet onset of 
floating, and drug release was shown to be more evident in the initial 
phase (p<0.05). Loading level of calcium hydroxide, stearyl alcohol 
and tablet swellability all have showed profound enhancing effects on 
duration of tablet buoyancy and drug release. 
Glibenclamide release from tablets of the invention was shown to follow 
the anomalous type (n=0.8212-1.0244). Application of statistical and 
mathematical modeling has enabled the optimization of the developed 
tablet formulation to meet selective constraints for floating, hardness and 
drug release. 
The optimized buoyant tablet formulation with highest CI revealed 
hardness of 50 N, immediate onset of floating and floating duration >6 
hours. Concerning drug release, the formula showed evidence of 25 and 
84% drug release after 1 and 6 hours, respectively, with T50% of 3 hours. 
Moreover, release kinetics of the drug from the optimized formula was 
shown to be near the desired zero order type of release (n=0.8897 or 
0.0132; r2=0.9993). The in vivo dosage form residence time study in 
six human subjects demonstrated that the developed tablet formulation 
retained in the stomach for more than four hours under fasting conditions. 
Comparative bioavailability study revealed that floating tablets showed 
2-2.5 times increase in AUC (p≤ 0.1) indicating the sustained release 
tendency of the drug from the floating tablet formulation. 
The three months based stability study indicated that the drug and the 
dosage form retained their initial physical characters in both accelerated 
and normal conditions for the test duration as far as blister pack is 
considered.
Keywords: Sustained release, Buoyancy, Hardness, Glibenclamide, 
Swellability.
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INTRODUCTION
Glibenclamide, a potent hypoglycemic agent, is 
used to reduce glucose concentration in diabetic 
human patients to the normal level. Fluctuation 
of dose delivery of this drug can result in serious 
hazards, specifically, hypo-glycemia or hyper-
glycemia and accordingly, accurate dose delivery 
of the drug seems to be essential1. 
The scope of the present study is to develop and 
optimize a buoyant tablet formulation capable 
to deliver glibenclamide in a sustained manner 
and suitable for once day administration using 
consecutive application of full factorial, Box-
Wilson and composite index experimental 
designs. Responses selected for optimization 
of the dosage form using central composite 
design were tablet swelling, onset of buoyancy, 
buoyancy duration, and time for 50% drug 
release, percent of drug released after 1 hour and 
percent of drug released after 6 hours2,3.
Although both drug: PVP ratio and hardness 
were shown to influence the swelling ability of 
the developed tablets, only tablet hardness has 
revealed an influential effect on tablet onset of 
floating. Whilst reduction in drug : PVP ratio 
resulted in terminal acceleration of drug release, 
while loading level of calcium hydroxide, stearyl 
alcohol and tablet swellability all have showed 
profound enhancing effects on duration of tablet 
buoyancy and drug release4. 
The optimized buoyant tablet formulation with 
highest CI revealed hardness of 50 N, immediate 
onset of floating and floating duration >6 hours. 
Concerning drug release, the formula showed 
evidence of 25 and 84% drug release after 1 and 
6 hours respectively, with T50% of 3 hours. The 
in vivo dosage form residence time study in six 
human subjects demonstrated that the developed 
tablet formulation retained in the stomach for 
more than four hours under fasting conditions5. 
Comparative bioavailability study revealed that 
floating tablets showed increase in residence 
time of the drug were greater indicating the 
sustained release tendency of the drug from the 
floating tablet formulation6. 
Moreover, the study is designed in a way that 
explored the influence of different formulation 
variables on physical characters of the developed 
dosage form and to evaluate the pharmacokinetics 
of the drug from the developed dosage form 
compared to Daonil® tablets as a marketed 

reference drug product7-10.
MATERIALS
The following materials have been utilized 
during the experimental part of the research:
Glibenclamide reference standard and raw 
material (G. Amphray Laboratories, Mumbai, 
India) were obtained from Wafra Pharma Lab. 
Sudan and used as received. 
HPMC (pharmaceutical grade, 4000cps) is a 
product of Horst G.F. Von Valtier, Hamburg, 
Germany. 
Polyvinyl pyrrilodone (PVP, DC grade) was a 
product of FMC, Ireland, and supplied by Wafra-
pharma lab. 
Stearyl Alcohol (Shing Poong Pharmaceutical 
Co., Seoul, Korea) received as a gift sample 
from G.M.C. (Sudan). 
Isopropanol, Methanol and Acetonitrile were 
HPLC grade products of Scharlau, Spain. 
Calcium Hydroxide, Magnesium stearate, 
Dihydrogen Phosphate, Sodium Hydroxide, 
Barium Sulfate, Hydrochloric Acid and Ethylene-
diamine-tetra-acetic acid are pharmacopoeial 
grade and were provided by Wafra Pharma lab 
(Sudan). 
Ortho-phosphoric acid (analytical grade, Merk) 
and Dichloromethane (analytical grade, Loba 
Chemie, India) were also supplied by Wafra 
Pharma.
INSTRUMENTS AND APPARATUS
The following instruments and equipment were 
used during the course of the work: 
Tablet compression machine (Manesty, 
15D4B3/16, England); 
Analytical balance (Digital Mettler tolledo, 
Switzerland); 
Monsanto tablet hardness tester; Tablet friability 
tester; Disintegration tester (Erweka, Germany); 
Tablet dissolution tester (DT700 Erweka, 
Germany) and 
U.V. spectrophotometric device (Perkin Elmer 
Spectrometer, Lambda 11, Germany). 
Utilized HPLC was comprised of variable wave 
length UV detector (Knauer, Germany); Pump 
(64, Knauer, Germany); Column (250 × 4.6 mm 
ID, Eurospher-100 C8, 5 µm, Berlin, Germany).
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METHODS
Experimental Design and Dosage Form 
Formulations
The screening design initially selected in this 
study was 32 full factorial experimental design 
in which two factors namely, drug PVP ratio 
and tablet hardness each at three levels were 
investigated within 9 formulation runs for their 
main and interactive effects on tablet swelling, 
floating capability and drug release behavior. 
The design is described fully in the introduction 
section (under 1.4.1.1.) and presented in Table 1. 
In these preliminary batches, direct compression 
was adopted where drug (10 mg/tablet), HPMC 
(fixed load of 4000cps grade), PVP (different 
amounts) were passed through 50 mesh, 
thoroughly mixed for 10 min using mortar and 
pestle, lubricated with Mg stearate (1% w/w) 
and compressed into tablets using Manesty tablet 
presser (15D4B3B/16, equipped with 8 mm flat 
punch). Various compression loads were adopted 
to produce tablets of three hardness ranges for 
each formulation (40-70 N)11. Summary of the 
results concerning the physical characters of 
tablets within these preliminary batches are 
tabulated in Table 1 and Figures 1 and 2.
Buoyancy Studies
Tablets within all formulations in the design were 
tested for floating capability where six tablets 
from each formula were investigated. Except 
for the basket, USP apparatus 2 of dissolution 
was used where time between introduction of 
the dosage form and its buoyancy on simulated 
gastric fluid (0.1 N HCl, pH 1.2, enzyme-free) 
and phosphate buffer, pH 5.8 at 37°C ± 0.5, 
rotated at 50 rpm, and the time during which the 
dosage form remained buoyant were measured12.
Swelling Studies
To verify for the influence of drug: PVP ratio 
and hardness on aqueous fluid uptake by tablet 
and consequently, the dosage form buoyancy 
and drug release, tablets within all formulations 
showing floating tendency were subjected to 
swelling studies where medium uptake into 
tablet preparations and their weight gaining at 
pre-selected time point was determined. In this 
study weighed tablet samples were placed in 
USP apparatus 2 dissolution baskets at 50 rpm, 
mounted in simulated gastric fluid (0.1 N HCl- 
enzyme- free, and/or phosphate buffer pH 5.8, 500 
ml), maintained at 37°C ± 0.5. At pre-determined 

time point, each basket was withdrawn, and the 
enclosed wetted tablets were wiped with a piece 
of paper tissue and weighed13,14. 
The percentage increase in weight due to the 
absorbed media (Q) was estimated according to 

the equation:

f i iQ=100(W W ) / W−  …………..                   (1)
where,
Wi and Wf are the initial mass of the tablet and 
the final hydrated mass of the same tablet after 
the designated time point. 
In vitro Drug Release Studies
In vitro release of the model drug, glibenclamide, 
from floating tablets within selected formulations 
tested was determined using USP paddle 
method. Tablets were investigated in 900 ml 0.1 
N HCl, pH 1.2 and phosphate buffer pH 5.8 at 
37.0°C ± 0.5 with stirring speed of 50 rpm15. 
Samples of six tablets for each formula were 
examined and five ml dissolution samples were 
withdrawn at intervals filtered (membrane pore 
filter 0.45 µm) and replaced by an equivalent 
volume of fresh dissolution medium, kept at the 
same temperature. Dissolution samples were 
immediately assayed for glibenclamide16,17. 
Calibration Curve for Reference Standard 
Glibenclamide
Different dilutions of glibenclamide in phosphate 
buffer pH 5.8 and 0.1 N HCl were carried 
out to obtain different solutions of varying 
concentrations. Absorbance of each solution 
was measured at 229 nm against blank18. Sample 
absorbance is an indication for the concentration 
of glibenclamide in that solution. From the data 
obtained, the calibration curve was generated, 
and the linear regression equation was found out 
Figures 3 and 4 using software package Microcal 
origin (V.6, Microcal Inc. USA)19. Validation of 
the analytical process was assessed using values 
of coefficient of variation (CV%) in and between 
days (Table 2). 
Determination of Glibenclamide in Dissolution 
Samples
The filtered samples were measured for 
glibenclamide concentration using UV 
spectrophotometry at 229 nm. The obtained 
absorbance values were converted into 
concentration values using a general regression 
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equation generated for standard curve run prior to 
the experiment20. Drug released was determined 
using the regression equation obtained from 
the calibration curve thus generated (Figure 3). 
Results of the in vitro glibenclamide release from 
formulations tested were presented in Figure 5 
and Table 3.
Preparation of Floating Tablets in Box-Wilson 
Design
Wet granulation was adopted in this section 
where drug and fixed load of HPMC-4000cps 
were thoroughly mixed for 10 min using mortar 
and pestle, wetted with specific constant volume 
of Ca (OH)2 solution and forced through 12 
mesh screen. Granules thus obtained were dried 
overnight at 50ºC (specification of the oven)21-24. 
To the 12/16 mesh fraction of the granules PVP 
(different amounts) and stearyl alcohol (if any, 
different amounts) were added and the blend was 
mixed for 5 min. The blend was then lubricated 
with Mg stearate (different percentage content of 
the formula) and compressed into tablets under 
various compression loads to produce tablets of 
different hardness level on Monsanto hardness 
tester25. Tablets thus obtained were characterized 
by same drug and HPMC content (10 mg and 
70 mg, respectively) and vary with respect to 
content of PVP, stearyl alcohol, Mg stearate and 
hardness (Table 1). 
Figure 6 is a three-directional surface plot for the 
influence of tablet hardness and drug: PVP ratio 
on the magnitude of the diffusional exponent n. 
From the plot it is apparent that both variables 
affect the value of n; moreover, medium tablet 
hardness (transformed 0=50 N) and enhanced 
ratio of drug: PVP (better is 1: 3) are to be 
applied in order to obtain tablets having greater 
magnitude for n (~1, zero order).
Comparative Bioavailability Study
To examine the comparative bioavailability of 
the drug from the newly developed formulation, 
optimized floating formulation of glibenclamide 
(formulation 19) was tested against the 
immediate release marketed formula (Daonil® 

(Hockest) 5-mg tablets, batch No. 13E32, expiry 
date 7/2006)26,27.
HPLC Method for Quantification of 
Glibenclamide in Human Plasma
A high-performance liquid chromatographic 

(HPLC) method reported by Al-Hazayamah and 
Abu Lubbad has been adopted, validated and 
applied with some modifications in this study for 
the assay of glibenclamide in human plasma28. 
One-ml human plasma samples were placed in 
ten ml conical glass tubes and spiked with 100 
µl of glibenclamide methanolic solutions of 
different concentrations to produce drug plasma 
concentration in the range of 0.010-10 µg/ml. 
To these samples, 100 µl of Ibuprofen as 
internal standard (1 mg/ml), three ml of 0.1% 
ortho-phosphoric acid as a buffer and four 
ml Dichloromethane as extracting solvent 
were added. Samples were vortex-mixed for 
ten seconds, shaken on a rotary mixer for ten 
min., and centrifuged at 3000 rpm for five min. 
The organic phase was transferred to a glass 
centrifuge tube and evaporated to dryness under 
N2-gas. The residue was reconstituted in 100 ml 
mobile phase (0.1% ortho-phosphoric acid pH 
2.7: isopropanol: acetonitrile, (45: 25: 30) and 
injected into a reversed phase C-8 column of the 
HPLC at ambient temperature29-31. 
The eluted drug was monitored by UV detector 
at 235 nm with sensitivity set at 0.01 AUFS. 
Mobile phase pump delivery was 1 ml/min. 
Under such conditions no peak corresponding to 
glibenclamide was observed in blank drug-free 
plasma samples treated similarly32.
Calibration Curve for Reference Standard 
Glibenclamide in Human Plasma
Glibenclamide 10 mg was dissolved in 100 ml 
of methanol. This stock solution was diluted 
ten-fold in methanol to give a working standard 
solution of one mg/ml. The internal standard 
Ibuprofen was treated similarly and both solutions 
were found to be stable at 20ºC for at least one 
month. Calibration curve was constructed from 
drug-free human plasma spiked with increasing 
concentrations of glibenclamide (0.01-4 µg/ml), 
fixed concentration of the internal standard and 
processed as described under previous paragraph 
Peak area ratios of the drug to the internal 
standard and drug concentrations were used for 
quantification33. 
Validation of the method was verified using the 
criteria of RSD and the % recovery values of 
the drug within and between days, respectively. 
Results of calibration study were depicted in 
Figure 7. Parameter values for method validation 
were summarized in Table 2.
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Subjects for the Comparative Bioavailability 
Study
Sixteen informed, healthy, non-smoking adult 
male volunteers (aged 24-44 years and within 12 
± 2% of ideal body weight for height) participated 
in this study (Metropolitan Life Insurance 
Company Statistical Bulletin, 1983). Subjects’ 
selection was based on an acceptable medical 
history, physical examination, and clinical 
laboratory test results. Written, informed consent 
forms have been signed by all participants upon 
agreeing before they were accepted into the 
study34,35.
Dosage Forms Administration and Samples 
Collection
Volunteers were randomly assigned into two 
groups (each of eight subjects). Following an 
overnight fast of at least ten hours, subjects have 
administered (based on their categorization) a 
single dose of ten mg of glibenclamide contained 
in the test (1 floating tablet) or reference product 
(two tablets) with 240 ml of a 40% glucose 
solution in water36.
After dosing, subjects have received 60 ml of a 
40% glucose solution in water every 15 minutes 
for four hours37-39. No additional water or fluids, 
except for the glucose solution, were allowed 
from one hour pre-dose to one hour post-dose. 
Fasting condition was maintained for at least 
four hours after administration of the test or 
reference treatment40. 
Food and fluid intake were standardized according 
to a strict protocol. A sandwich of house-prepared 
and cooked meat and two cakes were provided 
at 5, 8, and 12 hours post-administration for all 
subjects during both phases of the study. The 
water intake was 250, 250, and 400 ml at 5, 8, 
and 12 hours post-administration. No Rx or OTC 
medication was allowed beginning 2 weeks 
before drug administration and until after the 
study is completed41. 
Following a 1-week washout period, subjects 
began the second phase of the study where those 
that had received the test products in the first run 
received the reference products in this phase and 
vice versa42.
Venous blood samples were collected according 
to the following time pattern pre-dose (0 hours) 
and at 0.5, 1, 2, 3, 4, 5, 6, 8, 10, 12, 16, 24, 30 
and 36 hours post-dose43. To plasma samples 

obtained upon immediate centrifugation, 100 µl 
of internal standard was added and samples were 
then kept frozen at the temperature below -20ºC 
for subsequent analysis for glibenclamide. The 
time elapsed between sample collection and its 
assay was documented44,45.
Determination of Glibenclamide in Human 
Plasma
Frozen plasma samples were drawn out of the 
fridge, allowed to thaw at room temperature 
and processed for glibenclamide analysis as 
described before. Drug plasma time profile 
plots were then generated for each subject. The 
average drug plasma-time profiles of the two 
drug products were plotted in Figure 8.
Determination of Pharmacokinetic Param-
eters of Glibenclamide
The individual pharmacokinetic parameters 
of glibenclamide were derived by non-
compartmental analysis using the Statistica 6 
(StatSoft, Inc., OK, USA). 
The following parameters were derived: the 
peak plasma concentration Cmax and the time to 
reach peak plasma concentration tmax (both were 
observed values); the apparent elimination half-
life of glibenclamide t1/2 as determined by log-
linear regression analysis of the terminal portion 
of the plasma concentration-time curve of the 
drug. The two zero moments AUC0–24 and AUC0–∞ 
by the linear trapezoidal rule and extrapolation to 
infinity, respectively46. 
The first moment curve was constructed by the 
time course data obtained by multiplying the 
plasma concentration Cp with the corresponding 
time point. The trapezoidal rule was then used 
to obtain the area under the first moment curve 
(AUMC)47-50. The tail area of moment curve 
(beyond the last data point) was estimated by 
the equation: tail AUMC=Cpt/k + Cp/k2. Mean 
residence time (MRT) was calculated by dividing 
total AUMC by AUC0→∞.
Statistical Data Analysis
The results of the pharmacokinetic parameters 
(Cmax, Tmax, AUC 0→∞, AUC 0→24) are given as 
mean ± standard deviation (SD). All data were 
analyzed by paired t-test and two one-sided 
t-tests at 90% confidence interval (CI90%) (S-Plus 
2000 professional 1, Lucent Technologies, Inc., 
USA)51. A result of p<0.10 was regarded as 
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significant. Summary of the analysis and the final 
statistical conclusion is presented in Table 4.
In vivo Dosage Form Localization Study
In order to correlate the drug level attained in 
the plasma with dosage form location in the 
gastrointestinal tract, six out of the 16 subjects 
participating in the bioavailability study were 
randomly selected to conduct dosage form 
localization study one week after phase II of the 
bioavailability study52,53.
Formulation of Contrast-Containing Floating 
Tablets
Contrast-containing floating tablets were 
produced using the same procedure described 
under section 3.3.6.1. The formulation being the 
same as that of formulation 19 which has been 
subjected to the comparative bioavailability 
study except for the drug where it was replaced 
with Ba SO4 as a contrast in an allowable amount 
(10 mg)54-56. 
Dosage Form Administration
Extended informed consent form was applied in 
this study. The six subjects participating in this 
study were randomly assigned into two groups 
each of three subjects. In one group, dosage 
forms were administered under fasting condition 
with 150 ml water57. Fasting conditions were 
maintained four hours post-administration. In 
the other group, dosage forms were administered 
under non-fasting condition with the same 
amount of water. In both groups, X-Ray pictures 
were taken two and five hours post-administration 
to evaluate the location of dosage form in the 
gastrointestinal tract58. 
RESULTS AND DISCUSSION
The high volume of the obtained result compared 
to the limited total numbers of formulations 
conceived in this study clearly reflect the potential 
role of the experimental design in development, 
evaluation and optimization of pharmaceutical 
formulations. In fact, application of such design 
has result in saving considerable amount of raw 
material and shortening the time for this study to 
complete. 
The Influence of Drug: PVP Ratio and Tablet 
Hardness on Dosage Form Buoyancy
At this level, the floating ability of the developed 
dosage form is a function of the dosage form 
hardness (X2) where tablet floating ability 

is significantly enhanced when tablets were 
compressed to low hardness level (40 N). Drug: 
PVP ratio showed no (or a little effect) on dosage 
form buoyancy. The same results could be 
obtained from analysis of regression coefficient 
accompanying each variable, which appear in 
the polynomial regression equation attached in 
Figure 1. Summary of the results concerning 
the physical characters of tablets within these 
preliminary batches are tabulated in Table 1.
Coefficient associated with the variable X2 
(hardness) is greater than that of X1 (drug: PVP 
ratio). Moreover, no interaction between the 
two variables was shown to affect the tablet 
buoyancy (coefficient associated with the term 
X1X2 in the equation is 0). Furthermore, the 
positive sign accompanying the terms X2 and X2

2 
indicates the positive contribution of the variable 
X2 (hardness) in tablets buoyancy.
Figure 2 is 3D surface plot concerned with 
onset of tablet floating among different floating 
tablet formulations. It showed that the variable 
X2 (tablet hardness) is a determining factor for 
the quickness of tablet floating where short time 
for floating onset is achievable in case of tablet 
formulations with low hardness level which 
supports the concept derived before. 
Evident from the plot, drug: PVP ratio (X2) has no 
(or a little) in the onset of tablet floating; however, 
the use of medium-high drug: PVP ratio seems 
to be better than low ratio. The same conclusion 
could easily be derived from the regression 
coefficients of the two variables appearing in the 
accompanying regression equation.
Table 1 indicates that the floating tablet 
formulations differ widely with regard to onset 
of floating; however, once the tablet floated, it 
remained buoyant till the end of the experiment 
run (six hours).
It is well documented that compression of tablets 
to high hardness levels significantly reduces 
tablet porosity which, in turn, affects the initial 
water penetration and consequently, delays the 
onset of tablet floating. However, with time this 
phenomenon might be offset by the high affinity 
of the polymer HPMC to water and accordingly 
tablet achieves a delayed floating as the result 
implies. Based on these findings on floating 
ability, the different formulations could be 
ranked as follow: 1, 4, 7 (were the best), 5, 2, 8, 
3, 6, and finally 9. 
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Consequently, one might conclude that: a) for 
rapid onset of floating, low level of hardness 
(40-50 N) should be adopted and b) PVP content 
has no (or a little effect) on tablet buoyancy; 
however, drug: PVP ratio better to be 1:3-1:2 
w/w. Accordingly, formulations 1, 4, and 7 were 
considered as promising; however, they need 
to be further differentiated with respect to the 
floating duration.
In vitro Drug Release Characteristics 
Calibration curve of glibenclamide in 
phosphate buffer pH 5.8: Figure 3 shows 
the relation between glibenclamide different 
concentrations (mg/ml in phosphate buffer) 
and their respective UV absorbance at 229 nm. 
The plot reflects an excellent linear correlation 
between drug concentration and absorbance with 
high determination coefficient (R2=1) as shown 
below. And the following equation could be 
applied efficiently to monitor drug concentration 
in the solution based on the measured solution 
absorbance where drug concentration (mg/
ml)=(Abs – 0.0017) / 7.7364. 
Calibration curve of glibenclamide in 0.1 
N HCl: The obtained graph in Figure 4 shows 
an excellent linear correlation between drug 
concentration and absorbance with a highly-
accepted determination coefficient (R2=0.9993) 
in the concentration range 0.0014-0.0896 mg/
ml. And the following equation could be applied 
efficiently to monitor drug concentration in 
the solution based on the measured solution 
absorbance where drug concentration (mg/
ml)=(Abs-0.0654)/11.477.
In both of cases, precision, accuracy and 
reproducibility of the UV method in glibenclamide 
determination were validated using the criteria 
of recovery % and coefficient of variation 
(CV%) inter- and intra-day at three different 
concentration levels as shown below Table 2. 
Minimum concentration of glibenclamide that 
can be determined with high precision and 
accuracy using this method is 0.0014 mg/ml, 
which is considered as an acceptable sensitivity 
limit.
Based on the two criteria shown in Table 2, 
together with other considerations concerning 
the nature of the developed dosage form as 
gastroretentive tablets, 0.1 N HCl was selected 
as dissolution medium to investigate for the in 
vitro glibenclamide release from the different 

floating tablet formulations.
Effect of Drug: PVP Ratio on the In vitro Drug 
Release	  
Figure 5 shows the release pattern of 
glibenclamide from different floating tablet 
formulations of the preliminary batches tested 
in 0.1 N HCl. Release data of floating tablet 
formulations characterized by the same hardness 
level were compared (at two hardness levels 40 
and 60 N) in order to investigate the influence of 
Drug: PVP ratio in the drug release. Accordingly, 
drug release profiles of formulations 1, 4, and 7 
(tablet hardness 40 N) and formulations 2, 5, 
and 8 (Tablet hardness of 60 N) were separately 
compared within each group. This might better 
be explained in terms of the enhanced drug 
solubility caused by PVP.

Release Kinetics
In swellable matrix tablets, drug release kinetics 
are associated with the dynamics of gel layer 
thickness. The relative contributions of drug 
diffusion, polymer relaxation and matrix erosion 
to drug release in HPMC cylindrical matrices 
produce n values that range from 0.5 to 1.0. 
Based on data in Table 3, both drug diffusion and 
polymer chain relaxation seem to control the drug 
release from these floating tablets. Numerous 
reports, concerned with the contribution of 
more than one mechanism in the release of 
sparingly soluble drugs from matrix tablets, are 
documented in the literature.
Influence of Hardness on Drug Release from 
Floating Tablet Formulations
Drug release of floating tablet formulations 
characterized by the same drug: PVP ratio was 
compared at different hardness levels in order 
to examine the role of the applied compression 
force (during manufacture of these tablet 
formulation) on the drug release. Formulations 
compared were 1 and 2; 4 and 5; 7 and 8 for the 
drug: PVP ratios of 1:2, 1:3, and 1:4, respectively. 
Parameters considered in the comparison were 
those mentioned before. Table 3 shows drug 
release characteristics and mechanisms (n) for 
the different floating formulations in the factorial 
design.
Based on data derived in Table 4, and at the 
three drugs: PVP ratios, increasing the tablet 
hardness seem to result in significant delay in 
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the initial drug release as indicated by values of 
Rel%-1 accompanying the respective formulations 
(p<0.05). However, no significant effect of 
hardness variation was revealed on the terminal 
drug release profiles of the different formulations 
(p>0.05). This could easily be traced from T50% 
and Rel%-6 values of different formulations. In 
fact, this might be attributed to the lowered tablet 
porosity caused by the application of relative 
compression force during manufacture which, in 
turn, results in delay in the drug release owing 
to delay in the initial water penetration into the 
tablets. With time this effect might be offset by 
the high affinity of HPMC to the aqueous fluid 
and, consequently, no significant difference in the 
terminal drug release was traced from different 
formulations at the three different levels of drug: 
PVP ratios.
Statistical Optimization of Formulations 
Using Composite Index Method
Derringer and Suich illustrated how several 
response variables can be transformed into 
a desirability function. Composite index has 
been applied for statistical optimization of drug 
formulations in different cited reports. And 
as the relative contribution of each individual 
constraint to the true composite score was 
unknown, a decision was made to assign an 
arbitrary value of one-third to each of the three 
dependent variables. 
Since higher or lower values of floating, swelling 
and drug release responses investigated in this 
study may not be desirable, an ideal is most 
suitable. The empirical composite index was 
devised to yield a score of 100 for an optimum 
result for each of the three variables in each step 
and each test result was transformed to a value 
between 0 and 33.33. The batch having a highest 
composite index would be considered as a batch 
fulfilling all the six constraints favorable for a 
24-hr sustained release of glibenclamide floating 
tablets.
It is worth mentioning that composite index 
statistical technique has been selected in this 
study in order to reduce the possible increase 
in the number of formulations run and that 
was for economical reasons. Moreover, having 
known the mathematical model that could be 
applied efficiently to describe the effects of 
different variables on performance of the best-
chosen batch, one easily can optimize further 

such formulations to meet other constraints. 
Comparing the results derived from the two 
separate steps, a decision could easily be made 
with regard to the best buoyant batch fulfilling 
all of the six constraints. 
From the results of Step I shown in Table 5, 
formulation 4 gained the highest score among 
other formulations and seems to be the best with 
regard to the specified constraints; whereas, 
both formulations 4 and 8 were ranked similarly 
(CI=40), when the other three constraints evolved 
as indicated by results of Step II (Table 6). 
Since the onset of floating is a critical criterion 
for dosage forms that are claimed to act as a 
buoyant system, formulation 4 (Fonset=20 min) 
is considered as being better than formulation 
8 (Fonset=300 min). It is worth mentioning 
that although formulation 7 exhibited an 
acceptable floating limitation and optimum 
swelling character, yet it fails to gain high score 
with regard to drug release, which might be 
attributed to the accelerated drug release from 
this formulation. This clearly demonstrates the 
power of the composite index in the evaluation 
of the proposed factorial design.
Nevertheless, based on the attained score 
of formulation 4 (40-43.89%), it might be 
necessary and advantageous to optimize further 
this formula specifically with regard to hardness, 
onset of floating and n magnitude. In other words, 
the hardness is to be increased to a relative high 
hardness level (50 N); onset of floating is to 
be reduced to 0-10 minutes maximally; and 
magnitude of n is to be increased so as to achieve 
the desirable uniform zero order release kinetics 
(>0.89). These are the three new objectives. 
Floating Tablet Formulations in the Factorial 
Design
Obviously, interaction between formulation 
variables could possibly results in contradiction 
between the first and the second objectives 
since any change in tablet hardness as a result 
of increase in magnitude of applied force of 
compression will definitely affect the porosity 
of the produced tablets which, in turn, would 
significantly reduce the capability of the tablet 
with regard to the immediate and prompt floating 
(floating onset will be increased). In fact, this 
might be overcome by incorporating a minor 
fraction of suitable floating enhancer where 
tablets with both satisfactory hardness and 
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floating characters could be obtained. 
In vivo Investigations Calibration Curve of 
Glibenclamide in Human Plasma
The drug concentrations in spiked plasma 
samples were found to be linearly related with 
the peak area ratio of the drug to the internal 
standard within the investigated plasma drug 
concentration range (0.01-4 µg/ml) (Figure 7). 
Regression coefficient of the relation (r=0.9993) 
was an evidence for the linearity and precision. 
Minimum concentration of glibenclamide that 
could be determined by this method was 0.015 
µg/ml with signal/noise (S/N) ratio of three. 
However, quantitative detection limit was 
considered as 0.03 µg/ml, which is an acceptable 
sensitivity. Table 7 shows the values of validation 
parameters for the HPLC method adopted for 
glibenclamide assay in human plasma at three 
different concentration levels. Values of RSD 
and % recovery in both intra and between days 
were within the limit to consider the method as 
efficient, sensitive and reproducible. 
Pharmacokinetic Parameters Assessment
The average pharmacokinetic parameters and 
statistical momentum of glibenclamide from 
both conventional and floating tablets tested in 16 
subjects were summarized in Table 4 and Figure 8 
shows plasma-time profile of glibenclamide from 
conventional and floating tablet formulations 
examined in 16 healthy subjects each dosed with 
10 mg of the drug, each data point is the average, 
and error bars show ±RSD. Pharmacokinetic 
parameters of glibenclamide associated with 
conventional tablets are in agreement with the 
relevant published data.
Although time to reach peak drug plasma 
concentration (Tmax) for the floating tablets was 
delayed by three fold of that for the conventional 
ones, such delay might not significantly affect 
the efficiency of the developed tablets in 
glibenclamide delivery and even beyond Tmax 
interval, the attained glibenclamide plasma 
concentrations from the floating tablets were 
greater than the reported MEC value. This delay 
might be attributed to the slow drug presentation 
to absorption characterizing the floating tablet 
formulation. Nevertheless, the onset of action 
might not be affected by this delay specifically 
with this drug.
Figure 9 shows the HPLC chromatogram for 

human plasma sample spiked with 100 µl of 
10 µg/ml solution of glibenclamide (Rt=6.78) 
and the internal standard Ibuprofen (1 mg/ml, 
Rt=5.70).
The in vivo dosage form residence time study 
in six human subjects demonstrated that the 
presence of food has a profound retarding 
influence on gastric emptying of the developed 
floating tablets. Expectantly, the presence of food 
delays the gastric emptying rate and hence the 
dosage form trapped for prolonged period (6 hrs) 
compared to fasting conditions (3-5 hrs) as the 
results imply by Figures 10a and 10b. Whatever 
the case may be, developed tablet formulation 
showed a capability to be retained in the stomach 
for at least more than 4-5 hours. 
When the results of comparative bioavailability 
and localization studies were simultaneously 
considered, it was evident that both delayed 
gastric emptying and the sustained drug release 
of the developed tablet formulation have 
contributed to the in vivo drug delivery with less 
fluctuations over 24 hrs. In other words, neither 
tablet floating alone nor drug sustainability 
only could enhance bioavailability and in vivo 
durability of glibenclamide and to achieve these 
targets both factors are to be considered. 
Stability Study
The three month based stability study indicated 
that the drug and the dosage form retained their 
initial physical characters in both accelerated 
and normal conditions for the test duration as far 
as blister pack is considered.	
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Formula  No. Drug: PVP X1
Hardness (N) 

X2

Floating 
ability

Onset 
(min)

1 +1 (1:2) -1 (40) + 20
2 +1 (1:2) 0  (60) + 180
3 +1 (1:2) 1  (70) - -
4 0   (1:3) -1 (40) + 20
5 0   (1:3) 0  (60) + 120
6 0   (1:3) 1  (70) - -
7 -1  (1:4) -1 (40) + 20
8 -1  (1:4) 0  (60) + 300
9 -1  (1:4) 1  (70) - -

(+) float within 20-300 min
(-) sink

Table 1. Floating capability of tablet formulations in the 32 factorial design

Concentration level (mg/ml) Recovery %a CV%b
In buffer In 0.1 N HCl In buffer In 0.1 N HCl

(Intraday)
0.0014 101.4% 100.3% 5.3% 4.4%
0.0112 101.8% 101.5% 4.2% 3.2%
0.0896 99.7% 100.1% 5.8% 3.7%

(Between days)
0.0280 101.2% 100.8% 6.7% 5.6%
0.0112 100.4% 101.1% 5.4% 4.8%
0.0448 99.8% 99.9% 7.2% 5.8%

a=Accuracy in calculation of the concentration (obtained/actual *100%)  b =Coefficient of variation 
(standard deviation/mean value *100%)

Table 2. Validation of the UV method for glibenclamide assay in dissolution testing
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Formula Drug: PVP 
X1

Hardness X2 
(N)

Rel%-
1 (%)a

t50% 
(hr)b

Rel%-6 
(%) c Kd ne r2f

1 1:2 40 8 4.7 63 0.1301 0.8761 0.9998
2 1:2 60 5 5.4 60 0.0783 1.0244 0.9996

4 1:3 40 19 3 82 0.1998 0.8374 0.9985

5 1:3 60 13 3.7 78 0.1576 0.8697 0.9989

7 1:4 40 30 2 98 0.2993 0.8212 0.9999

8 1:4 60 22 2.5 93 0.2232 0.8598 0.9987
a=% of drug released in 1 hour  b=Time required for 50% drug release  c=% of drug released after 6 
hours  d=Fitting constant  e=Diffusional exponent  f=Correlation coefficient of fitting to the release 
model

Table 3. Drug release characteristics and mechanisms (n) for the different floating formulations in the 
factorial design

Parameters
Conventional 
tablets (mean 

± SD)

Floating 
tablets 

(mean ± 
SD)

Floating/ 
conventional 

ratio (%)

CI90% of 
Floating/

conventional 
ratio (%)

df P**

Tmax (hr) 3.21 ± 1.25 9.30 ± 1.22 360.71 230.04 – 491.39 13 0.003672

Cmax (µg/ml) 0.29 ± 0.08 0.23  0.04 95.30 84.68 – 105.91 13 0.446747

Ln Cmax
* 5.62 ± 0.25 5.55 ± 0.16 98.79 96.79 – 100.79 13 0.310527

AUC0-24 (µg.hr/ml)  2.00 ± 0.61 3.90  0.68 208.34 179.53 – 237.14 13 0.000016

lnAUC0-24
* 7.56 ± 0.31 8.26 ± 0.18 109.35 107.41 – 111.28 13 0.000001

AUC0-∞ (µg.hr/ml) 2.08 ± 0.60 5.01  1.26 254.20 217.22 – 291.18 13 0.000005

ln AUC0-∞
* 7.60 ± 0.30 8.49 ± 0.24 111.88 122.96 – 137.81 13 0.000001

AUMC (µg.hr2/
ml)  17.01 ± 3.26 80.24 ± 8.39 471.45 290.56 – 524.33 13 0.000427

MRT (hr) 8.20 ± 1.77 16.02 ± 2.34 197.37 162.34 – 201.38 13 0.003328
K (hr-1) 0.15 ± 0.04 0.10  0.03 72.22 58.28 – 86.17 13 0.003716
T½ (hr) 4.90 ± 1.40 7.43 ± 2.63 160.46 131.75 – 189.16 13 0.002523

* Data obtained after log transformation

   The unit of Cmax was changed to mcg/L before transformation of AUCs and Cmax

** p ≤ 0.05 considered as significance level for the difference

Table 4. Average pharmacokinetic parameters of glibenclamide from conventional and floating tablet 
formulation in16 healthy human subjects
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Formula Rel%-1a Fonsetb nc
Transformed

CId

Rel%-1 Fonset N
1 8 20 0.8761 0 22.22 12.68 34.90
2 5 180 1.0244 0 0 29.26 29.26
4 19 20 0.6374 21.67 22.22 0 43.89
5 13 120 0.8697 1.67 0 11.62 13.29
7 30 20 0.8212 8.3 22.22 3.53 34.05
8 22 300 0.8598 31.67 0 9.97 41.64

  a=% of drug released in 1 hour

  b=Time required for onset of tablet floating

  c=Diffusional exponent   

  d=composite index 

Table 5. Summary of composite index estimation for constraints in Step I of formulations in the 
factorial design

Formula t50%a S%b Rel%-6c Transformed
CId

t50% S% Rel%-6
1 4.7 660 63% 0 0 0 0
2 5.4 520 60% 0 0 0 0
4 3 500 82% 33.33 0 6.67 40
5 3.7 450 78% 10 16.67 0 26.67
7 2 340 98% 0 13.33 6.67 20
8 2.5 300 93% 16.67 0 23.33 40

a=time for 50% drug release

b=% swelling at 6hrs time interval

c=% of drug released after 6 hours

d=composite index

Table 6. Summary of composite index estimation for constraints in step II of formulations in the 
factorial design

Concentration level % Recoverya RSDb

Intraday
0.05 µg/ml 98.8% 3.4

1 µg/ml 95.7% 7.3
10 µg/ml 101.2% 5.2

Between days
0.05 µg/ml 100.4% 8.7

1 µg/ml 97.5% 7.2
10 µg/ml 98.3% 9.1

a=Accuracy in calculation of the concentration (obtained/actual *100%)

b=Coefficient of variation (standard deviation/mean value *100%)

Table 7. Validation of the HPLC method for glibenclamide assay in human plasma
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Figure 1. Surface plot for the influence of variables X1 (drug: PVP) ratio and X2 (tablet       hardness) 
on buoyancy of tablet formulations in the factorial design:(Z=100+0X1+0.5X2+9.326e-
15X12+0X1X2+0.5X22)

Figure 2. Surface plot for the influence of variables X1 (drug: PVP) ratio and X2 (tablet                  
hardness) on floating onset of tablet formulations in the factorial design:(Z=173.333-
20X1+40.5X2+40X12+0X1X2+139X22)
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Figure 3. Calibration curve of glibenclamide in phosphate buffer pH 5.8

Figure 4. Calibration curve of glibenclamide in 0.1 N HCL
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Figure 5. Glibenclamide release pattern of floating tablet formulations in the factorial design 
tested in 0.1 N HCL, each data point is the average of 6 determinations
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Figure 6. Surface plot of the response of tablet hardness and drug: PVP ratio on the diffusional 
exponent of drug release from floating tablet formulations in the factorial design
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Figure 7. Calibration curve for determination of glibenclamide in human plasma

Figure 8. Plasma-time profile of glibenclamide from conventional and floating tablet formulations 
examined in 16 healthy subjects each dosed with 10 mg of the drug. Each data point is the average, and 
error bars show ± RSD
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Figure 10.  Localization of ingested tablets to human subjects; a) 4-hrs post administration 
under fasting conditions; b) 6-hrs post administration under non-fasting conditions the white 
arrows indicate position of the tablets within the stomach

Figure 9.  HPLC chromatogram for human plasma sample spiked with 100 µl of 10 µg/ml 
solution of glibenclamide (Rt = 6.78) and the internal standard Ibuprofen (1 mg/ml, Rt = 5.70)


