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ABSTRACT

Metformin hydrochloride tablets intended for extended release were pre-
pared using Eudragit L 100, Eudragit NE 30 D and Hydroxy Propyl Methyl
Cellulose(HPM C)/Ethyl cellulose (EC) combination. The technique em-
ployed was wet granulation followed by compression. Thein vitro release
profile of the resulting tablets was evaluated in 0.1N Hcl for 2 hrsand pH
6.8 phosphate buffers for remaining hrs. Preliminary data suggested that
the HPM C/EC combination of polymer showed agreat promising retardant
release. The other in process quality parameters were also studied for the
batch tablets, which gave in vitro profilesin accordance with the theoreti-
cal release profiles for, sustained release. The release kinetics has been
examined for the tablets, which obeyed the stability study, and in vitro
profilelimitsfromthe standard point of diffusion controlled process (higuchi
profile) and that of afirst order kinetics. Therelease pattern of thedrugsis
uniform throughout and is reproducible. Batches 7-10 of metformin ER
tablets were formulated using varying proportions of drug and HPMC
K4M ratios keeping a constant ratio of ethyl cellulose. Thedrug is prima-
rily granulated with ethyl cellulose and again re-granulated with HPMC
K4M for maximum sustained release. Thisformulation was donewith eas-
ily available & low cost polymers, which can effectively reduce the cost of
formulated product. © 2008 Trade ScienceInc. - INDIA
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INTRODUCTION

Metformin hydrochloride(metformin), anora hy-
poglycemic agent belonging to the biguanidegroupis
widely used throughout the world¥. Significant
hypolipidemic effect and of changesinthelipoprotein
structure, and metabolismin both experimenta animal

and in man has stimulated the interest in the use of
metformin. Thedrugisneither metabolized nor protein
bound®. It hasabiologica half life(=3.5h) and rapid
elimination through kidney preventsitsaccumulaiont.
It isgivenin dose of 500mg, 850mg tablets 3 times
daily and evenin 1000mg tablets. Metforminisarela
tively strong diacid biguanide base(pKa, 2.8, pka, 11.5)
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thisensuresfreesolubility duringitstranstinthewhole
GIT ontheother hand, binding of drugto theintestina
wall wasaso observed intheanimalsandinclinical
study™. Thiswas perhapsdueto therapid build up of
moleculesin contact with themucosa®. Thereareonly
few trid sto prolong therelease of biguanide anti dia-
betics (especidly metformin). All the presiding points
justify thedear need toformulatemetforminintheform
of extended releasetabl ets.

EXPERIMENTAL

Metformin Hcl (290-310pm, theMadras pharma:
ceuticals, Chennal, India), Eudragit-L 100 and NE 30D
(Rohm Pharma, GmbH, chemischefabrik, Darmstadit,
Germany), HPM C (Dow chemicals, India), Ethyl cel-
lulose(colorcon, India), polyvinyl pyrrolidine (PVPK
30) (plaskal, China), magnesum stearate(Sinal Pharma,
India), microcrystalline cellulose(singhachemicals,
Medak, India). Hydrochloric acid, theingredients of
phosphate buffer and al the other chemicalsused were
of anaytica grade.

Tabl ets containing 850mg of metformin (dosage
calculated based ontheclinical pharmacokinetic pa-
rametersof metformin. Hcl for 8hr releasewasasfol-
lows. Tota dose=initia dose+maintanencedose=343+
469mg=812mg=850mg). With respect to polymers, the
additiveswere prepared by wet granul ation techni que®
followed by compression using Erwekasingle punch
tablet machine. The prepared tabletswere of hardness
greater than 9 kg/cn? whichwastested using Monsanto
hardnesstester. Three polymerswereused asatrid for
preparation of matrix tabletsand thosewere Eudragit L
100, NE 30 D and HPM C/EC blend.

Particlesizeand compressibility

The particlesize of themetformin tabletswerede-
termined by sieving method” and compressibility was
computed from powder density.

Formulation of metformin ER tabletsusingdiffer-
ent drugs. EUD L 100ratios:

Themetformin ER tabletswere prepared by wet
granulationtechniqueswithvariousratiosof EUD L 100
asper TABLE 1.

Metformin Hcl was passed through sieve#40 and

TABLE 1: Formulation of metformin ER tabletsusing differ-
ent drug: EUD L 100ratios (quantities expressed in mg per
tablet)

For mulation batches

Ingredients  52roh1 Batch 2 Baich 3 Baich4
Metformin.Hdl 850 850 850 850
EUD L100 10625 12750 150 170
Starch 170 170 170 170
MCC 60 60 60 60
PVP K30 60 60 60 60
Magnesium stearate 50 30 30 30

Batch (B)—> B2 —15% (Polymer% w.r.t. the drug) ; B4—>20%
TABLE 2: Formulationsof metformin ER tabletsusing dif-
ferent drug: EUD NE 30D ratios(quantitiesexpressed in mg
per tablet)

Formulation batches

Ingredients Batch 5 Batch 6
Metformin.Hcl 850 850
EUD NE 30D 127.5 170
Starch 50 50
PVPK30 45 45
Tac 21 21
Magnesium stearate 2 2

B5-15% EUD NE 30D(Polymer % w.r.t. the drug); B6-20% EUD NE
30D

EUDL 100, starch and Microcrystaline Cellulose
(M.C.C) were passed separately through sieve #40.
EUDL 100 inisopropyl alcohol (1PA) wasused asa
primary binding agent. Metformin Hcl and starchwere
mixed with thebinder solution and granulesweremade.
Thewet granulesweredried at 40°C . After adequate
drying, required quantity of M.C.Cwasadded and again
regranul ated with PVPK 30in I PA asbinding agent.
The granuleswere obtained by passingthrough sieve
#14 and weredried to 40°C. Thegranules so obtained
were |lubricated with magnesium stearate and com-
pressed (Erweka Clit Rotary press) using double
strength capl et punch to get therequired tabl ets.

Formulation of metformin ER tabletsusingdiffer-
ent drugs: NE30D ratios

Themetformin ER tabletswere prepared by wet
granulationtechniqueswith different ratiosof EUD NE
30D asper TABLES 2-4.

Metformin Hcl and starch were passed through
sieve#40 and mixed thoroughly. Polyvinyl pyrrolidine
(PVPK30) in IPA was used as binding agent. EUD
NE 30 D ismixed with the binder and pastewas pre-
pared. Half the quantity of the above pastewas mixed
withmetforminand starchand mixedwell. Thismassis
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Graph 1: Invitroreleasepr ofile of metformin. Hcl from
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TABLE 3: Formulationsof metformin ER tabletsusing dif-
ferent drug: HPM C K4 M ratios(quantitiesexpressed in mg
per tablet)

Formulation batches

Ingredients  ~gich7 Batch 8 Batch 9 Baich 10
Metformin.Hcl 850 850 850 850
Ethyl cellulose 85 85 85 85
Methocel K4M 187 210 240 260
M.C.C. 40 40 40 40
PVPK 30 80 80 80 80
Magnesium stearate 20 20 20 20

(Polymer % w.r.t. the drug); Batch-(B7) 10% EC, 20% HPMC;
B10 -10% EC, 28% HPMC; B8-0% EC, 22% HPMC; B9 -10% EC,
26% HPMC
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subjected to drying (primary drying) at 40°C. After
adequate drying, the remaining amount of paste was
added, mixed and subjected to drying. The granules
were prepared by passing through sieve# 14, dried at
40°C and lubricated with talc and magnesium stearate.
L ubricated granuleswere subjected to tabl et punching
using doubl e strength capl et punch to get thetablets.
For the entirebatch formulated, parameterslike aver-
ageweight, hardness and friability were checked dur-
ing compression asin process quality measures. The
moisture content of granules of al batcheswerea so
determined as per KFR method and reported.

Invitrodissolution studies

Thein vitro studies were carried out for all the
batchesat 0.1N Hcl medium for two hours (to stimu-
late gastric media condition) and the medium was
changed to pH 6.8 phosphate buffer medium (to stimu-
lateintestina mediacondition). USP dissol ution appa:
ratus (basket type-USP X XIII programmable TDT-
06T, dectrolab) was used at 50 rpm at 37°C + 2°C .
Thevolumeof the dissolution mediumwas 900ml and
the sampleswerewithdrawn every hour. Equa amount
of respectivemediumisreplaced tomaintain sink con-
dition.

Sability study

Theformulated metformin ER tabletsof batch 10
which gavein vitro drug release complying the cal cu-
lated theoretical releaselimits, aswell ascomplying as-
say limitsand other physica and chemical parameters
werekept for ashort term accel erated stability study in
high density polyethylene sedled coversat different tem-
peratures (40°C, 50°C, and 70°C) for 3 months.
Sampleswerewithdrawn every 15 daysof storageand
evaluated for thefollowing parameters (a) appearance
(b) hardness, (¢) assay and the sampleswere analyzed
onceevery monthfor itsdissolution release.

TABLE 4: Physical and chemical parameters of formulated metformin ER tablets

For mulation batches

Parameters

1 2 3 4 5 6 7 8 9 10
Averageweight (gm) 1260 1290 1310 1340 1.090 1120 1260 1385 1310 1.330
Friability (%) 0.81 0.95 0.85 0.94 0.76 0.84 0.69 0.79 0.91 0.73
Thickness (mm) 5.8 5.9 6.1 6.1 5.6 5.7 6.2 6.2 6.3 6.3
Hardness (kg/cm?) 8 8 8 8 89 89 9 9 9 9
Assay (%) 98.13 9419 9801 9467 9758 9681 9856 99.25 9756 99.41
Moisture content 2.4 2.2 1.9 2.2 2.3 2 2.1 2.3 25 2.1
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RESULTSAND DISCUSSION

I nvitro dissolution data

Thedissolutionwascarried out invarying pH con-
ditionsto stimulatein vivo conditions(pH 1.2 & phos-
phate buffer pH 6.8). The dissolution profiles of
metformin from batch 4 tablets (Graph 1) obeyed the
theoretical releaselimit, which wasformulated using
EUD L 100 polymer. Thecumulative percentagerel ease
was 98% at the 8th hour. Similarly dissolution profiles
of batch 10(Graph 2) formulated with EC/HPM C com-
bi nation obeyed more precisaly with thetheoretical re-
leaselimits. The cumulative percentage rel ease was
90.16% at the 8" hour. Therefore batch 10 tabletswere
subjected to further characterization testsand stability
studies. Themechanism of releaseratefrom the matrix
tablet wasalso analyzed for batch 10 ER tablets.

Release kinetics

To explore more precisely the mechanism of re-
leasefrom the batch 10 formulated metformin ER tab-
let, the rel ease kinetics was assumed to be and corre-
lated with rel ationship expressed by thehiguchi equa
tion andfirst order equation (profile). Therelease pro-
file of ER tablets showed areleaserate of 10.59% per
hour with R=0.9881, R*>=0.9764. The higuchi profile
& firstorder plot areasshowninthegraph 3 and graph
4 respectively.

Thereleaseprofilewasfoundtofollow higuchi pro-
file (r>=0.9894) than first order profile (r*=0.9164)
(TABLED)

Sability studies

Stability studieswere performed on batch 10 tab-
lets, whichwerein accordancewiththetheoretical drug
releaselimits. Onceevery month drug dissolution study
was performed and once every 15 daysfriability, ap-
pearance, hardnessand assay were performed. All these
parameterswere compared withtheinitial parameters
and werefound that the batch under stability testing did
not show much variation duringthestability sudies The
shelf life of the batch was found to 1.7 years. EUD
L100isananionic polymer'® that wasexpected to give
acomplex of low solubility with the cationic metformin
molecules. 1-4 batches of metformin tablet werefor-
mulated using various metformin: EUD L 100 propor-
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TABLE 5: Analyses of release data

Par ameter Higuchi  First order
eguation model
Regression coefficient (R) 0.9894 0.9742
Determination coefficient (R?) 0.9789 0.9490
Release rate (K) 9.86%h'?  0.14%h
Correlation coefficient (r) 0.9894 0.9164
Higuchi profile
100
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Graph 4: Invitrorelease-first order plot

tionsto study the effect of polymer concentration on
drugreleaseprofile.

EUD NE 30D isa30% aqueous dispersion (neu-
tral ester digpersion) used in manufactureof matrix tab-
lets. Duetoitshigh cogt, its usageis often restricted.
Theneutral polymer isindependent of the pH of the
dissol ution medium and therefore providessustainability
indrug release. Batches5 & 6 of metformin ER tablets
wereformulated using variousmetformin: EUD NE30D
proportions(TABLED5).

Methocd isaninert polymer and formation of ma-
trix tablet iscompatible and easy. Therel ease pattern
of drugsisuniform throughout and reproducible. Batches
7-10 of metformin ER tabletswereformul ated using
varying proportions of drug and HPMC K4M ratios
keeping

acongtant ratio of ethyl cellulose. Thedrugispri-
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marily granulated with ethyl celluloseand againre-granu-
lated withHPMC K4M for maximum sustained rel ease.
Thisformulation wasdonewith easly available & low
cost polymers, which can effectively reducethe cost of
formulated product.
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