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ABSTRACT

Rabeprazole sodium is a proton pump inhibitor widely used as an antiulcer drug in gastric ulcers and various
gastro-esophaegal diseases. Rabeprazole sodiumis absorbed in the gastrointestinal tract and because it is unstable
under acidic conditions, enteric delivery systems are required. The aim of the present work was to study the effect of
formulation variables e.g., sodium alginate concentration (X1), calcium chloride concentration(X2), on drug
entrapment efficiency (Y1), in-vitro release profiles (Y2) and particle size (Y3) of multi-particulates system of
Rabeprazole sodium. Experiments were designed according to 3° factorial design. Alginate beads were formulated
using ionotropic gelation method after preparation the beads were coated with Eudragit RS 100. Developed
formulations were characterized and evaluated on the basis of particle size, entrapment efficiency and drug release
studies. The formulation variables were optimized by response surface methodology (RSM)
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INTRODUCTION

Proton-pump inhibitors (PPIs) have been widely uedthe management of a variety of acid-relatezsbuiers.
However, as PPls are acid-labile, they need to rotegted from the destructive effects of gastricd aghen
administered orally. Various types of enteric cogihave been developed to protect the PPIs, bytatheelay PPI
absorption. [1] The hydrogel systems for contrgllthe release of drugs respond to surrounding tondisuch as
pH, ionic strength, temperature and frequent charafeenvironment in the gastrointestinal tract, chhhas a
variation of pH from the stomach to intestine. Hygkls from natural polymers, especially polysacictesr have
been widely used of their advantageous properties synthetic polymers such as non- toxicity, bropatibility,
biodegradability ability to modify the propertiesagueous environment, capacity to thicken, stahilencapsulate,
swell and to form gels.[5, 6] Sodium alginate isa#t of alginic acid and it is a linear polymer®©{1-4) mannuronic
acid and (1-4) guluronic acid residues in varyimgportions and arrangements. Alginate microbeade hihe
advantages of being orally nontoxic, high biocoriiplitly, and inability to reswell in acidic environent, whereas
they easily reswell in an alkaline environment.14] So acid sensitive drugs incorporated intolibads would be
protected from gastric juice. The aim of the préseork is to develop and evaluate an enteric coatatihydrogel
bead of Rabeprazole sodium using ionotropic gelatiethod.
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MATERIALSAND METHODS

Materials

Rabeprazole Sodium was obtained from Metrochem RfRlate Limited, Hyderabad and Eudragit RS100 was
obtained as gift sample from Evonik India Privateited, Mumbai. All other materials, reagent anéricals used
were of analytical grade.

M ethods

A response surface method factorial design was applied to evaluate the i@iahip between the independent
variables and their responses. Two variables argkthesponses were involved in the experimentabeshe
dependent response factor variables measured wém@pment efficiency, particle size and % cumukttrug
release. The independent variables are the comti@ntrof alginate (X1) and the concentration oftcah chloride
(X2). The formulation variables and the high and levels of each variable were defined based otinpireary
experiments. Center points were repeated threestimestimate the experimental error.[4] The Indeleatand
Dependent Variables are shown in table 1 protessvariables and their levels for full-factorial dgsiare given in
table 2

Table 1: VariousIndependent and Dependent Variables

INDEPENDENT VARIABLES DEPENDENT VARIABLES
X1- Sodium alginate concentration (% W/V) Y1- Epimzent efficiency
X2- Concentration of calcium chloride(%W/\) Y2- Yu@ulative Drug release
Y3- Particle size

Table 2: Process Variablesand Their Levelsfor Full-Factorial Design

FACTORS LOW LEVEL | MIDDLELEVEL | HIGH LEVEL
Concentration oSodium alginate(%W/N\ 2.C 2.t 3.C
Concentration oCalcium chloride(%W/V 1.C 1t 2.C

Preformulation Studies

Drug-excipients Compatibility Studies

FT- IR Spectroscopic Analysis

Drug polymer interactions were studied by FT-IR cpescopy. One to 2mg of Rabeprazole Sodium alane o
mixture of drug and polymer were weighed and mipeaperly with potassium bromide uniformly. A smallantity

of the powder was compressed into a thin semitiesp pellet by applying pressure. The IR- spectnfrthe
pellet from 450-4000cthwas recorded and compared to study any interferenc

Experimental Design

A number of preliminary trials were conducted befapplication of the design. The levels of thedectvere also
determined randomly by evaluating the dependedabbes (responses) of trial batches. A three sqfeaterial
design was used for optimizing the formulatiarséng Design-Expert Software (Version-8.0.7The concentration
of sodium alginate (X1) and the concentration d€ican chloride (X2) were classified as low, mediamd high
values for independent variables as given in TdblEhese studied factors along with their levels ahe
corresponding responses are summarized in TaHllbelsignificance of the model was determined by the
comparisons of statistical parameters, and the rbestel (suggested) was decided based on reascagit@ement
between adjusted?Rnd predicted & higher values of adjusted® Rnd predicted Rand model p value. Three-
dimensional (3D) response surface plots resultimnfthe equations were constructed using DesigrefExp
software. [4]

Preparation of Sodium Alginate Microbeads

The microbeads were prepared by ionotropic geldgohnique. Sodium alginate was dissolved in desthiwater
at a concentration of 1-3 %wl/v. using gentle heatagnetic stirrer. After mixing of sodium alginaée accurately
weighed quantity of Rabeprazole Sodium was addeddispersed uniformly into the solution. The bubfikee

sodium alginate-drug dispersion (50ml) were addexb dvise via a 18-guage hypodermic needle fittetth \&i 10

mL glass- syringe into 50 mL of calcium chloridéuimn (1-2%w/v) and stirred at 200 rpm for 30mire droplets
from the dispersion instantaneously gelled intermite matrices upon contact with the solution dlirggeagent. The
drug loaded microbeads were further stirred insilation of gelling agent for an additional 30 mititer specified
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stirring time and stirring speed the gelled beadsevwseparated by filtration, washed with deioniaeder, finally
dried at 60 °C for 2h in a hot air oven. The draginate beads were stored in well closed contdoreiurther use.
[2,3,5,6,7,9]

Enteric coating of alginate beads

The beads were transferred into acetone solutioBuafragit RS 100 containing triethyl citrate (20%v)y and
coated for 15 min under stirring. The resulted edabeads were filtered and air dried. This coafiracess was
repeated three times to get uniform coated be8@d40[ 11]

Characterization of Microbeads

Study of Sizeand M orphology of alginate Beads

The diameter of beads was determined by a scregegdtor this purpose, 20 dried alginate beads wardomly
selected from each batch and the mean diametedetasmined. The least count of screw gauge wass0n@d.
Color and shape of dried beads of each batch wasli®,10]

Drug entrapment efficiency

Rabeprazole sodium content in the alginate beadsestimated by a UV spectrophotometric method. Aately
weighed 100 mg of alginate beads (100 mg) were poedland suspended in7.4 pH phosphate buffer. &hating
solution was kept for 24hrs. Next day it was stirfer 20 min using ultra sonicator. The solutionsvidtered and
suitable dilutions were made. Rabeprazole sodiuntet in the filtrate was analyzed at 282 nm udiigVisible

spectrophotometer. The obtained absorbance waggloh the standard curve to get the exact corat@mirof the
entrapped drug. Calculating this concentration wdiflation factor the percentage of actual drug @sacéated in
alginate beads was determined. The drug entrapeffciency was calculated using following relatibis [8, 10,
11]

% Drug Entrapment Efficiency = [Actual drug contéfiheoretical drug content] x 100........ QD

Dissolution studies

In vitro drug rselease studies of enteric coated beads aaeried out in 0.1N HCI for 2hrs and then in phasph
buffer 7.4 for 10 hrs by using USP Dissolution fTapparatus Il (paddle type) at 37+ B5and 100 rpm speed.
The weighed amount of Rabeprazole Sodium loadedsbware placed in the baskets and then submerge®00

ml dissolution flask containing 900 ml of dissotutimedium. Aliquots of 5 ml were withdrawn and ee@d with
the same volume of fresh solution at each diffetlane intervals. Aliquots withdrawn were filteretirough
Whatman filter paper 0.4bm. The withdrawn samples were suitably diluted Hrelabsorbance was measured at
274 nm spectrophotometrically. The cumulative petage drug release was calculated for regular itmegvals.

Statistical Analysis

Data evaluation was done using stepwise multivatiatar regression analysis. The model prediaoagons are
estimated for each dependent variable separateby g€neral type of predictor equation resultingnfta three-level
experimental design is a second-order polynomiaishin Eq.2

Yi=by+ bXy+h Xo + by X2+ by X% + by XIX2 v, 2)

Where y is the response variablg, i a constant, and,b. bs are regression coefficient. X1 and X2 are the
independent variables and X1X2 is the interactiermt showing how response changes when two faeti@s
simultaneously changed?X and X2 are quadratic terms of the independent variablevaluate the nonlinearity.
In the final model equations, only the significdattors were included. The statistical analysisaddtrough
regression model and plotting the response suraaphs were achieved by design - expert softvfersion-
8.0.7.1) The developed models were tested for its signiieamsing analysis of variance (ANOVA). All testsreve
performed at a 95% level of significanee=0.05). [4, 12, 13]
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RESULTSAND DISCUSSION

Drug compatibility studies

Drug compatibility studies using FTIR were conddcfer the pure drug, and the formulation and thectjal data
are given in Figure 1 and 2. The results indicatecchemical incompatibilities between the drug #rel polymer
used in the formulation

Particlesize

The particle size of Rabeprazole sodium loadechatgi beads were analyzed screw gauge. All the fations of
alginate beads F1-F13 show uniform size distrilbutibhe average particle size of Rabeprazole sodaaded
alginate beads was found to be in the range of h@0to 1.34 mm. As the polymer concentration waseased,
the Microbeads size was also found to be increa$kd.results are shown in Table 3.The responsecairf3
dimensional) is shown in figurel.

Entrapment efficiency

The entrapment efficiency was found to be good iartthe range of 65.23to 81.78% for all the formiaglas. i.e.,
F1-F13.The entrapment efficiency was higher 81.780%F10 (3% Sodium Alginate and 2% calcium chlerid
formulation. This improved entrapment efficiencsnply by due to the greater proportion of polymethwiespect to
amount of drug. The results are shown in the Tablehe response surface (3 dimensional) is showigume 2.

Drug release studies

Thein-vitro drug release studies were conducted for all theditations i.e., F1-F13 in 900 ml phosphate buftdr p
7.4 for 12 hours. The percentage of drug releastfmulations F1-F5 was found to be in the ranb8712 + 1.72
% to 92.34 + 0.51%. Maximum drug release was fawnde 95.23+0.14 % in formulation F13 in 12 houue do
the initial burst release but in the formulationlFshowed 81.61+ 0.22% drug release in 12 hours isigosustained
release due to increase the polymer concentragon3% Sodium alginate. Similarly the formulatipk$- F7, F8,
F9 and F10 showed the drug release in the ran§6.6#0.77, 90.67+1.55%, 83.65 + 0.43, 89.78+ 0.56r 87%
+ 1.07 respectively. Formulations F12 and F13 atsmwed release in the range of 86.9 and 95.23 moLgs when
compared to the other formulations. So the fornmmaF11 is suitable for sustained release of Rairepe sodium
due to the better entrapment efficiency. The resoftin-vitro dissolution studies are shown in the Figure 3. The
response surface (3 dimensional) is shown in figure

Table (3): Experimental Design and Resultsfor the various measur ed responses of Rabeprazole beads

Sodium alginate Calcium chloride %eqrapment % Cumulative drug releass Earticle
Runs concentration (X1) %w/v concentration(X2) %w/v eff|C|e(|;)cy(Y1) after 1202rS(Y2) S'Zr?](r\r(ls)
1 2.5 1.5 71.36 87.56 1.24
2 25 2 76.23 85.67 1.16
3 3 1 74.1¢ 85.1¢ 1.3¢
4 2 1t 66.27 92.3¢ 1.02
5 25 15 71.45 87.12 1.23
6 25 15 71.28 86.9 1.24
7 2 2 68.51 90.67 1.00
8 3 15 79.76 83.65 1.32
9 25 1 70.45 89.78 1.26
10 2.5 1.5 72.56 87 1.22
11 3 2 81.78 81.61 1.28
12 2.5 1.5 71.11 86.9 1.21
13 2 1 65.23 95.23 1.04
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Dissolution profile of sodium alginate beads in phosphate
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Fig.3: Dissolution profile of sodium alginate beadsin phosphate buffer
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Fig 4: Threedimensional response surface (3 D) plot of % cumulative drug release of optimized formulation (F11)
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Fig 2: Threedimensional response surface (3 D) plot of % Entrapment efficiency of optimized formulation (F11)
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Partical size (mm)

Fig 1: Threedimensional response surface plot (3 D) of particle size of optimized for mulation (F11)
CONCLUSION

The Rabeprazole sodium loaded sodium alginate beeds prepared by ionotropic gelation method. Iis th
method, various formulation variables such as amofisodium alginate and calcium chloride were &ddHigh
entrapment efficiency and sustained drug release whtained in F11 formulation. The response sertatalysis
also showed the high entrapment efficiency andasesti drug release in formulation F 11.
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