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ABSTRACT

The purpose of this study was to prepare and compax-incorporated pectinate and alginate-basedIsiomi gel
beads. The method employed was a modified emudslation method. The waxes in polymer—liquid pamaff
mixtures containing a model drug, Metformin, wem-imelted, homogenized and then extruded into walci
chloride solution. The beads formed were separateshed with distilled water and dried for 12 heTihfluence
of various types and amounts of wax on floating éndy release behavior of emulsion gel beads werestigated.
The drug-loaded gel beads were found to float arukated gastric fluid only if oil was used. Incoration of wax
into the emulsion gel beads affected the drug sdedVhite beeswax increased the drug release whitleauba
wax significantly retarded the drug release. Howetlee increased amount of incorporated wax infdrenulations
significantly sustained the drug release while theads remained floating. The results suggested gbhdtum
alginate gel beads were more optimum compared ttree gel beads.

Keywords: Emulsion gel beads; Floating; Intragastric drugwéey; Wax; Simulated gastric fluid.

INTRODUCTION

Oral administration is the most preferable routalafg delivery to the systemic circulation. A prefl frequently
encountered with conventional sustained releasagdgoforms is the inability to increase the resiéetime in an
absorption window, i.e. stomach and proximal porid the small intestinfl]. Retention of drug delivery systems
in the stomach prolongs the overall gastrointektiiaasit time, thereby resulting in improved ob&availability of
poorly soluble drugf?]. These systems are also appropriate for drugs vérehocally active to the gastric mucosa
in the stomach3]. The local delivery of drugs by a means of intragadloating drug delivery may overcome the
inefficiency of conventional oral administration.elthods for prolonging the gastric retention of drwy dosage
forms have been attempted based on different merharsuch as floating, expansion/plug type, highsdg, or
adhesion to mucosal2,4]. The floating system irtipaar has been extensively researched, mainhalmez the
floating system does not adversely affect the riptdf the Gl tract. Immediate floating can be awslgd if the
density of the device is low at the beginning, éxample, being provided by the entrapment of aibyrthe
incorporation of low density materials such as aitsl foam powders [5, 6, 7].

Hydrogel polymers were employed to formulate geldsewhich are one of the form of floating systehigdrogel
polymers include alginate, pectin, chitosan, agaagarose and K-carrageenan etc [8]. Alginate amtirpg/hen
react with calcium chloride form complexes whichrevéound to be insoluble and resistant to acididiméCalcium
pectinate/calcium alginate gel beads have been aseal vehicle for controlled release of drugs @, 11]. The
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benefits include cheap and abundant sources, ertddiocompatibility, and total degradation withdw#zardous
by-products [12].

Metformin has elimination half-life of 6.5 h. MH 8ers from certain specific problems of which theosh
prominent being the high dose (1.5-2.0 g/day), bavavailability (60%), and high incidence of gagttestinal (Gl)
side effects (30% case3herefore, there are continued efforts to imprdwvegharmaceutical formulation of MH in
order to achieve an optimal therapy. These effodfly focus on controlled/ slow release of thegdincluding the
sophisticated gastroretentive systems [13].

The present aim of the work is to develop and complae wax incorporated alginate and pectinatebgelds of
Metformin Hcl for floating delivery and controlledtug delivery. And also to investigate the influeraf beeswax
and carnauba wax on release profile of alginatepeatinate gel beads.

MATERIALS AND METHODS

1 Formulation

Preparation of wax incorporated emulsion gel beadsf Metformin HCI

Method used- hot melt extrusion along with ionotropic gelation medho

Accurate quantity of polymer was dissolved in 5@hldistilled water and stirred to form dispersid@rug was
added to the above dispersion and again stirredrfiform distribution. Later, liquid paraffin wassa added to the
same and stirring was continued to get homogenoudsgon. In another beakerasous amounts of waxes (viz.
white bees wax, carnauba wax) were melted in wadtr at 60—85°C, depending on the melting rangbefvaxes
used. The molten wax was added to the homogeninets®n mixture of polymer, oil and MH which waseddy
heated to same temperature and stirred until a Germmus mixture was obtained. The hot melted mixtas
extruded through a 23G syringe needle into calaihitoride solution (2% w/v). The beads were allowedemain
in the same solution for 30 min to improve theircmanical strength. The formed beads were separateshed
with water and allowed to dry at room temperatwernight. Table 1 lists the formulation variables flifferent
formulations of MH gel beads.

Table 1. Formulation design for MH gel beads usingifferent ratios of drug, polymers and waxes

S. No. Ingredients Formulations
F1 F2 F3 F4 F5 F6 7F F8 F9 F10 Fi11 F12
1 Metformin HCI 1 1 1 1 1 1 1 1 1 1 11
2 Sodium alginate 15 15 15 15 15 15- - - - - -
3 Low methoxy pectin - - - - - 2 2 2 2 2
4 White bees wax 1 2 3 - - - 1 2 3 - - -
5 Carnauba wax - - - 1 2 3 - - - 12 3

2 Evaluation of Beads

2.1 Drug polymer interaction (FTIR) study

Drug polymer interactions were studied by FT-IRapescopy. One to 2 mg of MH alone and mixture ifgdand
polymer were weighed and mixed properly with patassbromide uniformly. A small quantity of the poermdwas
compressed into a thin semitransparent pellet iZyyapy pressure. The IR- spectrum of the pelletfr500-4000
cm-1 was recorded taking air as the reference ampared to study any interference [14].

2.2 Surface morphology (SEM)

Scanning electron microscopy has been used tordieieiparticle size distribution, surface topograpkeyture, and
to examine the morphology of fractured or sectiosgdace. SEM is probably the most commonly usethatefor
characterizing drug delivery systems, owing in ¢atg simplicity of sample preparation and easepafration. SEM
studies were carried out by using JEOL JSM T-336ansing microscope (Japan). Dry MH gel beads wixeep
on an electron microscope brass stub and coatddimian ion sputter. Picture of MH gel beads weieeh by
random scanning of the stub [15].

2.3 Frequency distribution analysis
The diameter of a sample of gel beads (300 beddsaah formulation was determined using vernieipeal In
order to be able to define a frequency distributtwmrcompare the characteristics of particles witmyndifferent
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diameters, the frequency distribution can be bradewn into different size ranges, which can be gmésd in the
form of a histogram. Histogram presents an integpiean of the frequency distribution and enablespkrcentage of
particles having a given equivalent diameter taé@rmined [16].

2.4 Buoyancy behaviour

The time between the introduction of the FDDS itite medium and its buoyancy to the upper one thirthe
dissolution vessel (floating lag time) and the fiog ability was determined using USP dissolutiestér apparatus
Il (Paddle method). Fifty beads were put in theseésind the paddles were rotated at 50 rpm in 900..nN HCI
pH 1.2, maintained at 37+0.5 °C for 12 hours. Tlbatfng ability the beads was measured by visuakoktion.
The preparation was considered to have buoyandy,vaimen all beads floated on the test solution idiaiely or
within a lag time which did not exceed 2 min [17].

2.5 Drug Content

To determine the drug content and encapsulatiocieity of the beads, 200 mg beads were crushet usi
porcelain mortar and a pestle, and dispersed imaldai solvent (methanol). The dispersion was st@itfor 15
minutes and left overnight for 24 hrs, then thepéision was filtered. A 1 ml sample was taken dihagted with

suitable solvent (methanol), and drug content a&baysing a UV-visible spectrophotometeriatax of 233 nm.
The drug content of each formulation was recordeohg / 200 mg of gel beads [18].

2.6 Drug Entrapment Efficiency
The drug entrapment efficiency of prepared beadsdetermined by using the following equation [18].

EE (%) = Actual drug content / Theoretical drug tewr x 100

2.71n-vitro dissolution study

The release rate of MH gel beads was determinedniyyloying USP XXIII apparatus Il (paddle methodheT
dissolution test was performed using 900 ml 0.1NLHi@ 37 + 0.5°C at 50 rpm. MH gel beads equivaleni00

mg of MH was used for the study. At various timeng® (hourly) 5ml of the sample solution was witinn from

the dissolution apparatus for upto 12 hrs, ands#mples were replaced with fresh dissolution meditime samples
were filtered and the absorbance was determin@3Zim. Dissolution profiles of the formulations weanalyzed
by plotting cumulative percentage drug release usetime. The data obtained were also subjectedirteti&

treatment to understand release mechanism [19].

2.8 Kinetics of drug release

To examine the drug release kinetics and mechanigumulative release data were fitted to modsdsesenting
zero order (Q V/s t), first order (Logg@) /s t), Higuchi's square root of time (Q vI€) and Korsemeyer Peppas
double log plot (log Q V/s log t) respectively, whe is the cumulative percentage of drug releaseane t and
(Qo-Q) is the cumulative percentage of drug remairiftgr time t [20].

In short, the results obtained framvitro release studies were plotted in four kinetics n®dé data treatment as
follows.

» Cumulative percentage drug release Vs. Time (zeteroate kinetics)

» Log cumulative percentage drug retained Vs. Tinrst(brder rate kinetics)

» Cumulative percentage drug release VB (Higuchi’s classical diffusion equation)

» Log of cumulative percentage drug release Vs. lioge{Peppas exponential equation)

2.9 Differential Scanning Calorimetery (DSC)

The physical state of drug in the MH gel beads waaslyzed by DSC (DSC-60, Shimadzu, Japan). The
thermograms of MH, physical mixture of MH and poBmMH gel beads and were obtained at a scannibegofa
10°C/min conducted over a temperature range of 28263 respectively [21].
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RESULTS AND DISCUSSION

1 Drug polymer interaction (FTIR) study

FTIR Spectra were obtained for MH, physical mixtafeMH and polymers. The respective spectra arsgmed in
Fig 1 to 3. The characteristic peaks of the MH waampared with the peaks obtained for physical mnexof MH
and polymer. From the obtained spectra it appeiduegdhere were no interaction between MH and pehgm

Figure 1. FTIR spectrm of pure Metformin Figure 2. FTIRspectrum of physical mixture of Metformin & SA

Figure 3. FTIR spectrum of physical mixture of Metiormin and pectin

2 Surface morphology (SEM)

The surface morphology of the MH beads was stubdie@EM. SEM photographs of the various formulatians
shown in the Fig. 4 & SSurface smoothness was observed with beeswax imredgal MH beads when compared to
carnauba wax incorporated beads which was fouhdye a slightly rough surface.

Figure 4. SEM photographs of MH gel beads using SA Figure 5. SEM photographs of MH gel beads using p&n

3 Frequency distribution analysis

As the ratio of wax was increased, the mean parside of MH beads had also decreased (FiJ 8. significant
decrease may be due to the increase in the vigafsihe droplets. MH beads having a size rangé.@fto 2.1 mm
(Fig 7)with normal frequency distribution was obtainedn@ared to pectin gel beads, sodium alginate beads w
smaller in size.
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Figure 6. Frequency Distribution analysis of MH gebeads Figure 7. Determinatiasf Average particle size
4 Buoyancy

The floating ability of prepared beads was evadaiThe beads without oil sank immediately in 0.H®I (pH
1.2), while beads containing sufficient amount igfuid paraffin (F1 to F12) demonstrated instantaiseand
excellent floating ability. The beads remained aiflthroughout the study period (12hrs). It was oles that
varying the wax concentrations in the bead formaet did not affect the floating lag time or thedting duration
of the beads in the dissolution media.

5 Percentage drug entrapment efficiency

Entrapment efficiency increased with increase elax concentration. From the results it can beriefl that there
is a proper distribution of MH in the beads and dlegiation were within the acceptable limits. Tregent of drug
content in the formulations were found to be inrdwege of 25.06 to 16.67mg. The percentage entnapefiéciency
was found to be 94.35% t83.28%. The results obtained are shown in FigA8naximum of 94.35% drug
entrapment efficiency was obtained in MH beads twhiere prepared using sodium alginate and beedivesas
further observed that the drug entrapment was ptiopal to the MH: wax ratio and size of the MH HdeaBy
increasing the wax concentration, the encapsulatfficiency was increased. The entrapment effigfesfcalginate
gel beads was better than pectin gel beads.
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Figure 8. Percentage Drug entrapment efficiency dfiH gel beads

6 In vitro dissolution studies

Thein vitro performance of MH beads showed prolonged and clbedr release of MH. The results of timevitro
dissolution studies showed controlled release jmedictable manner. As the wax concentration wereased, the
drug release from the floating beads was foundetrehse. Compared to beeswax, carnauba wax retdrdgd
release more effectively; however, the bees waarparated alginate gel beads had an optimum releathee end
of 12" hour. Thein vitro release profiles of all the formulations (F1 t®?fdre shown in Fig. 9 & 10.
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Figure 9. In-vitro release profile of MH gel beadsusing SA
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Figure 10. In-vitro release profile of MH gel beadsising Pectin

7 Release kinetics of MH gel beads

The plots of cumulative percentage drug release tiffee, cumulative percent drug retained V/s. rbwte, log
cumulative percent drug retained V/s. time anddomulative percent drug release V/s. log time wireavn. The
slopes and the regression co-efficient of detertitina (F) were listed in Table 2. The co-efficient of detération
indicated that the release data was best fitteth wiro order as-well-as first order kinetics. Higuequation
explains the diffusion controlled release mechanism

Table 2. Release kinetics of MH beads

Formulation Zero order First order Higuchi Matrix Peppa’s model
F1 0.888 0.953 0.990 0.970
F2 0.935 0.903 0.997 0.996
F3 0.908 0.911 0.996 0.989
F4 0.920 0.971 0.997 0.991
F5 0.936 0.984 0.997 0.996
F6 0.949 0.993 0.993 0.997
F7 0.899 0.892 0.997 0.975
F8 0.930 0.879 0.998 0.985
F9 0.932 0.918 0.997 0.990
F10 0.919 0.925 0.998 0.980
F11 0.918 0.894 0.999 0.993
F12 0.920 0.922 0.998 0.996

8 Differential scanning colorimetry (DSC)

In order to confirm the physical state of MH in theads, DSC of the MH, polymers and MH loaded itmpbeads
were carried out and shown in Fig 11 & 12. The DBCe of MH showed a sharp endothermic peak at@3&8
melting point. The pure sodium alginate and pestiowed at 25t and 165C respectively. MH beads showed the
thermal behavior at 18G with drug loaded pectinate beads and af@@a@ith drug loaded sodium alginate beads.
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Figure 11. DSC thermograms of MH (A); SA polymer Figure 12. DSC thermograms of MH (APectin polymer
(B); sodium alginate drug loaded beads(C). (B); pectin dg loaded beads(C).

CONCLUSION

It can be concluded that wax incorporated gel bedfiss a suitable, practical approach to achieygaonged
therapeutic effect by continuously releasing thelicetion over extended period of time. And From shedy it is
evident that sodium alginate beads are more promisontrolled release gel beads than pectinatbegads and in
waxes, beeswax is more optimum than carnauba wax.
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