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ABSTRACT

An oral monolithic osmoatically controlled delivegystem for Cefixime using controlled porosity memé
technology was developed and evaluated . Unlikeexttional osmotic systems, which require lasedidgl| this
system releases the drug in a controlled mannemfasymmetric membrane coated core tablets . Asyimomet
membrane is formed by solvent evaporation procéssos solvency technology process using cellubmsstate as
the coating material . Higher water influx of thisembrane aids in delivery of Cefixime, which ishhigwater
insoluble . The porous structure of the membrans w@nfirmed by scanning electron microscopy . bifte of
different osmotic agents (Nacl & Mannitol) on driedease was evaluated . In vitro release studiesveld that as
concentration of osmotic agents was increased, dhg release was also enhanced . Drug release ftioen
developed monolithic system was independent ofraxktagitation and pH of dissolution media . Comgi@re in
vitro release data was obtained using differentelsvand concentrations of coating membranes in rotat
porosity membrane, different level of osmogent waitlh water soluble cellulose acetate phthalate amteolled
porosity coating membrane . The optimized formafafollows zero order release mechanism. The FRARRSC
studies revealed that no physicochemical interachietween excipient and drug . The influence ofp#i agitation
intensity on the release of drug was studied aredrtlease mechanism was through osmosis . Stabilityies
revealed that optimized formulation was stable. Tdsnotic pressure developed was found to be lipearl
proportional to time and concentration of osmotigeat. The solubility and availability of water irgble drug
(Cefixime) was enhanced by use of solublizing agest(3 .63 %) .

Keywords: controlled porosity semi permeable membrane, aetter, cellulose acetate, osmotic delivery, Cefixi
osmotic pressure gradient, in vitro, water inflpgre former.

INTRODUCTION

Osmotic systems for controlled drug delivery emplmsmotic pressure gradient as the driving foréewahg
maintenance of plasma concentration within theaipeutic range . Because pharmaceutical agentsecdalivered
in a controlled (zero order) manner over a longqaeby osmotic pressure, there has been increasiacest in the
development of osmotic devices in past few decauhek various types of osmotic pumps were developée.
elementary osmotic pump (EOP) was introduced byetlihves. The EOP consists of an osmotic core, wihdtg
surrounded by a semi permeable membrane (SPM)awdhblivery orifice. In operation, the osmotic caas by
imbibing water from the surrounding medium via BBM. Subsequently, drug solution is generated withe
device and delivered out of the device via theiagifit an approximate zero-order rate . However gigmeric EOP
is only suitable for the delivery of water-solulolaigs, to overcome the limitation of EOP, two-conp&nt, two-

layer push—pull, monolithic osmotic system and saokded osmotic delivery system (three-layer osmsyistem)
were developed[1] .

However, all such osmotic tablet systems have antmmdisadvantage; a sophisticated laser drillimfpnigue is
needed, to make the delivery orifice . Various rafits to increase the permeability of the coatingehbeen
reported, including addition of plasticizers in tbeating . Here controlled porosity semi permeablembrane
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coated osmotic tablets using conventional sprayitgaechnique have been developed . The dry psoceslves

use of a solvent system for both the polymer arré parmer . During membrane formation, the solventaporate
more rapidly than pore former to create the asymmetembrane . This controlled porosity membranatiog

offers several significant advantages over conweeati osmotic tablets . High water fluxes can beiea@d using
asymmetric coatings, facilitating osmotic delivefydrugs with low solubilities and enabling highietease rates[1]
. The permeability of the coating to water can tjgisted by controlling coating thickness . By usargl controlled
drug delivery system, continuous delivery of dragpredictable and reproducible kinetics throughbatGl transit
can be provided . To maintain drug concentratiothiwithe therapeutic window the drug dose and dpsiterval

are optimized, thus ensuring efficacy while minimgtoxic effects . Oral CPOP provides greateraffeness in
the treatment of chronic conditions, reduced sifiects, and greater patient convenience due tolgiethbdosing

schedule . Drugs can be delivered in a controlkgtem over a long period of time by the processswmhosis . Drug
delivery from this system(CPOP) is not influencedtie different physiological factors within thetdumen and
the release characteristics can be predicted dasity the known properties of the drug and theadesform . The
oral osmotic pump tablets have many advantages, asicreducing risk of adverse reactions, zerorcidévery

rate, a high degree of in vitro in vivo correlatiand improving patient compliance .

Cefixime, a widely used antibiotic was chosen asrttodel drug . Cefixime is 3 rd generation cephmas water
insoluble antibiotics, which resembles in structanel activity to beta lactam antibiotics . It usedeveral chronic
and acute prophylaxes both orally and parenteraltyis highly water insoluble with a solubility af10 ug/mi
.Cefixime has short elimination half life of 3-4uvs and 45 % oral bioavailability, the recommendesle is 8jg/kg
body weight daily hence twice or thrice daily dafe200mg tablet is required to achieve an MEC ofi/&ul of
plasma within 4-5 hours after oral administratidrne objective of the study was to develop oncesaasmotically
controlled asymmetric membrane coated tablets @kiGee . In vitro release rates of Cefixime weradied using
different osmogent like sodium chloride and marinitdhe tablets were coated with cellulose acetat¢he semi
permeable membrane containing nonvolatile pore éomoly ethylene glycol -400(50%) and D-sorbitd%2) .

MATERIALS AND METHODS

CHEMICALS REQUIRED:-

The chemicals used in this experiment were of falhy specifications . The ingredients that is trectose(LR),

Sodium chloride(LR), D Sorbitol(LR), Poly Vinyl petidone K 30(LR), Poly ethylene Glycol 400(LR), Gebse

Acetate(39 .26% acetylation) were procured from dlejindia .The chemicals namely Mannitol(LR), Sadiu
lauryl sulphate(LR), Methanol(AR), Ethanol(AR), bloro methane(AR) and Iso Propyl alcohol(AR) weaveured

from Qualigens, Mumbai .

Cefixime was obtained as a gift sample from Coné&¥rmaceuticals Pvt . Ltd ., Aurangabad,Indiais & white,
crystalline powder with melting point in the range222C-224C . The percent purity of the drug sample was
found to be 99 .56+0 .5%on dry basis . Sodium lastyphate was used as solubilizing and wickingnagad
various osmogents like sodium chloride and mannit®@d for osmotic delivery of cefixime were obtairfeom
Merck India .Ltd . Cellulose Acetate (39% acetya)i Merck India Ltd . was used to form a semipeiroea
membrane .

CHARACTERISATION OF DRUG:-
The characterization of drug, polymer and excigigstcarried out by conducting the physical teathsas melting
point ,IR and DSC studies .

The melting point of Cefixime was determined by mpapillary method using the melting point appasdieego,
Model - VMP-D, India) . Physical mixtures of were used for Fourier Transfdnfrared Spectroscopy (FTIR)to
study the compatibility and identity of drug .

DSC studies were carried out for the pure drug,@ngical mixtures of drug with excipients of thergus osmotic
pump tablets to study the compatibility . The as@were performed under nitrogen (nitrogen flote 20 ml/min)
in order to eliminate oxidative and pyrolytic effeat a standard heating rate of 10 °C/min ovengerature range
of 50 °C — 400 °C using a Universal V4 5A TA instents .

PREPARATION OF POROUS OSMOTIC PUMP TABLET

Preparation of core tablets

Core tablets of CPOP were prepared by wet graonlatiethod . All the ingredients (Table no . 2) gtqeovidone
K30, magnesium stearate, aerosil and talc wereratsty weighted and sieved through 85# sieve, thed in
mortar with a pestle for 10 minutes to get the amif mix . The dry blend was granulated with suéfiti quantity of
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PVP K30 which was dissolved in isopropyl alcohdrhe dried granules were mixed with magnesium steara
,aerosil and talc for 3 min .The tablets were prepaising osmogents like sodium chloride and mahimitvarying
ratios . The tablets were evaluated for the diffeghysicochemical parameters, viz . appearancighiveariation,
thickness, hardness, friability, drug content, andvitro release .These granules were compressedalolet

compression machine (Labpress,8 station singleyotachine) . These core tablets were coated bypsemeable
coating membrane in coating pan (Dolphin, Mumbai) .

API Calculations:
Strength of tablet is 200 mg . The assay submiite@oncept pharma claimed 99 .56 %w/w of purityydes

leddd claim x 100 x 100 x Molecular weight of Ceffirg
Compensation =

Assay on drleasis x (100 - % water content) xMolecular weightefixime

Various formulations were designed using differesimogents in core tablet, different concentratimngsmogents
in core tablet and different coating compositions .

FORMULATION OF CORE TABLETS BY USING DIFFERENT OSMO GENS IN DRUG LAYER:
Formulations were designed by using different osentgyand different concentrations of osmogentsone along
with drug . To study the effect of osmogents imectablet on drug release (F1,F2,F5 and F6) ,effestarious

osmogents(F3 and F4)was studied and the levellobility modulator and pore former and polymer gmmsition
was kept same for all formulations (F1 — F@ple no .1.

Table No .1 Formulation of core tablets by using dierent osmogents in core tablet

Formulation F1 F2 F3 F4 F5 F6
D:Osmogent| 1:0.5] 1:1.5 1:.053 10.% 1:.05 18
Lactose 204 04 204 204 204 04
Drug 200 200 200 200 200 200
NaCl 100 300 50 33 .33 - -
Mannitol - - 50 66 .66 100 300
SLS 20 20 20 20 20 20
PVP(K30) 20 20 20 20 20 20
IPA Qs Qs Qs Qs Qs Qs
Mg .Stereate 3 3 3 3 3 3
Aerosil 3 3 3 3 3 3
Total 550 550 550 550 550 550

All quantities are in mg per tablet
Quantities of powder for formulation were calcuthte yield 100 tablets of every formulation .

PREPARATION OF GRANULES OF DRUG LAYER:

Cefixime, osmogents, diluents and solublizing agesrte sifted through # 85 A .S .T .M mesh . Iroidexred was
sifted through # 60 A .S .T .M mesh . Magnesiunagte, aerosil and PVP K 30 were sifted througb#A8S .T
.M mesh .PVP K 30 was shifted separately and isolubf PVP K30 was prepared in sufficient quantity
isopropyl alcohol . Mix all sifted material othdrain lubricants and PVP K 30 thoroughly and thewai$ granulated
with povidone K30 solution to get thick dough ma3se thick dough mass of so prepared was passedgin # 8
A .S.T .M mesh to get granules . These granulee deed at 50° C in tray dryer till loss on dryiisghot more than
2 % w/w (10 minutes were required to dry the builb® gm of granules) . Dried granules were paskealigh #12

A .S .T .M. mesh . Sifted granules of above stepewubricated with magnesium stearate and aeaosilmixed
properly for 5 minutes .

EVALUATION OF LUBRICATED BLEND OF GRANULES[1]:

Lubricated blend of granules was evaluated for emyfl repose, bulk density, tapped density, Camdexk,
Hausner’s ratio .

1) Angle of reposeThe angle of repose for the blend was determinefixby funnel method . Angle of repose was
calculated using equation:

tand 22 Etjoa 1

Where,0 = angle of repose, h = height of powder heap inrcaradius of powder heap in cm
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2) Bulk density (BD) and tapped density (TD):
Tapped density was measured by tapped densityr teatel00 taps . Bulk density and tapped densityewe
calculated using following formulae;

Bulk density () = Mass (g)/ Bulk volume § Equation 2

Tapped density ([p= Mass (g)/Tapped volumegv Equation 3

3) Carr's Compressibility Index (Cl) :
The compressibility index of the powder blend watedmined using Carr’'s Compressibility Index:

(Cl) = [D-Dy/Dy] x 100 Equation 4

4) Hausner’s ratio:
Hausner’s ratio was determined for characterizadioitow of powder blend . A Hausner's ratio gredtean 1 .25 is
considered to be an indication of poor flow abilifformula used was as follows:

= D/Dy Equation 5

EVALUATION OF CORE TABLETS:

The core tablets were evaluated for dimensionsthiitlwthe diameter and thickness of 20 tablets femoh batch
was determined using a digital micrometer screwggaif\lex instruments) .The Weight variation testsvearried
on twenty tablets . Mean and SD was calculateattess the variation . The hardness test was damiton three
tablets from each batch and hardness was checkegl Mensanto Hardness Tester . The permissiblenessifor
oral gastric dissolving tablet is 6-7 kg fcrand the requisite for osmotic tablet is 5-8 kgf@m to withhold the
forces of coating in pan .

All formulations were subjected to friability anceve assayed for uniformity of drug content andndésjration test
of uncoated tablets was conducted test in the \\@8gital-tab disintegration test apparatus withtitlesd water as
media, the standard limit for disintegration of aated tablets for oral use as per USP is not @ 15 minutes .

PREPARATION OF COATING SOLUTIONI[2][3]:

Cellulose acetate with acetyl content 39 .56% (CA98-10NF) was dissolved in methanol and DCM s$otuby
stirring at moderate to high speed accordingly & gjear solution . To this solution, appropriateoant of
plasticizer was added under stirring . The coatiofytion consisted of cellulose acetate (1% w/\thvé water-
soluble pore-forming agent like polyethylene Glyed0 (PEG 400; 50% w/w) and Sorbitol (25 % w/w) in
Methanol and Dichloromethane combination in 1:4orat

The coating solution is prepared by dissolving padymer in the co solvent system prepared firsthwit4
proportions of methanol and DCM at room temperatisiag mechanical stirrer at low RPM for 30 minutes

Coating Process:

Coating of core tablet is carried out in Dolphimeentional coating pan (12" dia) . The core table¢se coated in a
coating machine (Dolphin coater) by spray coatingcpss . The coating process parameters were aptinith
respect to pan speed, inlet air temperature anglysm@te . Coating process was started once thdreeqgbed
temperature was attained . Coating process paresnetere set as coating pan speed -12-16 rpm , aitet
temperature -45-50°C (inlet), exhaust air tempeeat8Fc (outlet) and spray gun speed -3 ml/min .

Coating trials[4]:

Following coating composition was used for coataigcore tablets Different combinations containing different
composition and concentrations of polymers and ¢ylobic or hydrophilic plasticizers in constant amis .The
coating solution CI contained following ingredief@sllulose Acetate as polymer 3gm , D-Sorbitol §8bas pore
former 0 .75gm, PEG 400(50 %) as pore formerl .5BCM as solvent240 ml, Methanol as solvent 6Gnd Iron
Oxide as colorant in quantity sufficient.

The tablets were coated to get different weight @ or 5% or 7% or 9%) . After completion of dogt tablets
were allowed to dry (curing) at 45-50 °C in the toog pan itself for 10 min .The viscosity of optirad coating
solution was screened for viscosity, with the hefiBROOKFIELD viscometer . The 63 number spindleswaed
for this purpose, the rotation speed was adjustad 100 to 300 .
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EVALUATION OF COATED TABLETS[5]:

Weight gain:

Uncoated tablets taken for coating were accurataighed before initiating of the coating procesghe coated
tablets after coating and drying were again weigdradithe difference in the two weights indicatedgivegain .

Coating Thickness:

The thickness of coated tablets was measured usiogmeter screw gauge and after coating the tleiskrof
coated tablet was measured .The difference olatainthe thickness of coat on both sides of tabletce dividing
by two the thickness of coat on each side of tablebtained in mm .

Assay of tablets:

Ten tablets were accurately weighed and finely poed . Quantity equivalent to 10 .00mg of Cefiximas
dissolved in 100 ml methanol and sonicated for 1% dnug content was measured spectrophotometriealB89
nm and compared with the absorbance of the standayet the % drug content of the tablet .

IN VITRO DRUG RELEASE STUDIES:-

Drug release study:

Drug release test was carried out in two mediaseha($IF) phosphate buffef'y .4 and (SGF) acidic buffef'f

.2 . The coated tablets were subjected to disswolgiudy to check the drug release profile ancotlisen kinetics .
The in vitro dissolution of Cefixime from contralleporosity osmotic drug delivery system was unadiofving
conditions using USP Type Il dissolution apparatith 900 ml volume of dissolution medium, the Speégaddle
rotation was adjusted between 50 rpm and 75 rprampErature of 37 + 0 °6 was maintained and dissolution
medium used was SIF and SGF (without enzyme) .

Confirmation of drug release mechanism of batch no=2 (optimized batch):

To confirm drug release mechanism, coated tabfetptimized formulation (batch no .F2) were subgecfor drug
release study under similar dissolution conditibagiever the dissolution media is made hyper osnintiadding 2
gm of NaCl in the media, so that the milliosmolaldf 114 is exceeded . The drug release is studret the
deformation of coated tablet is observed in thigdmytonic solution .

Influence of formulation variables on the releaseate from controlled porosity osmotic pump tablets[}
Batch no . F2 was selected as optimized formuladiwh further study of effect of formulation variablwas carried
out on the same formulation .

Effect of osmogent concentration in the core:

Batch no . F1, F2, F5 and F6 (Table no . 1)

This formula was designed by using NaCl (100 an@d ®@/tab F1, F2) in core tablet as well as Manr(it@0 and
300 mg/tab F5, F6) in core tablet . Coating conmtpwss Cl were used for coating, weight gain up # 3
Dissolution profile of batches was studied .

Effect of type of osmogent in core:

Batch number F3 and F4 (Table no .1):

To study the effect of change in type of osmogeftlets of batch F3 and F4 with minimum drug to ogemt ratio
(1:0 .5) with different type of osmogent(NaCl+ Mawf), were coated with coating solution CI for whbt gain up
to 3% .

Effect of weight gain:

Batch number F1 and F2 (Table no .1):

To study the effect of weight gain during coatitaflets of optimized core were coated for weighh ggp to 3%
(batch no .F1 andF2) and 7 % (batch no .F1 and EBating composition C | was used for coating .

Effect of pH of dissolution medium:

In order to study the effect of pH and to assureeléable performance of the optimized formulatidr2),
independent of pH, release studies of the optimfpethulation was conducted in media of different plAcidic
bufferl .2pH and Phosphate buffer pH 7 .4) .

Effect of different agitation speed on drug release

To study the effect of different agitation speeddong release from coated tablet ,all formulaticerevsubjected to
dissolution in both (SIF and SGF) media with similaperating conditions, only the rpm of dissolatimachine
was operated at 75 and 50 rpm and the drug rekiastics was studied .
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Scanning Electron Microscopy:

The shell (semipermeable membranes) of optimizethdtation (F2) was subjected to SEM before andrafte
dissolution studies, to confirm the formation offient pores and suitable pore size developmerthé coating
membrane, after leaching of water soluble pore &rfrom semipermeable membrane .

Stability studies:

Stability studies on the optimized formulation (R23s carried out to determine the effect formutatalditives on
the stability of the drug and also to determine figsical and chemical stability of the formulatiomder
accelerated storage conditions . The tablets weredin 40 cc HDPE bottles with 2gm silica bagd aunbjected to
following conditions in a programmable environméritst chamber as per ICH guidelines. The tempezrai
maintained at 40 +°Z ,relative humidity of 65 + 5 % RH and durationstfidy was 3 months . Initial samples (=0
M) and stability samples (t= 1 M ,t=2M and t=3M) neevaluated for:

1)Description :-Stability samples were evaluated physicallydolour and appearance of tablets .
2) In-vitro drug release :-Accelerated stability sample was studied fowiitno drug release profile . Dissolution
conditions were kept constant for control sampld ancelerated stability sample for batch no . Fatability

sample (t=1M,2M and 3M) against initial sample ¢i¥) was calculated .

3) Drug content- Tablets of initial sample and stability samplessre analyzed for Cefixime content by UV method
as stated above .

Procedure for assay|[6]:
Standard and Test solution was filtered througB3u.filter . Absorbances of all dilutions were repd and the
percentage of drug content in stability samplegiadhd controlled tablets was estimated .

Formula for determination of cefixime contents:
The linearity equation calculated is:

Y=0.0588%-0.102 .......ceevvvivinnnn. 7

Therefore y +0.102

After substituting the value of y (absorbance) farticular dilution, it gives concentration ppm heTformula to
calculate the content of drug in this 10 ppm ddatin that tablet is

mg/tablet= XX 100/10........cccoiiiiiiiiaieeene. 9
The percentage drug released can be calculateg fasmula;
Xx10 x 0.5 x 900 x100

Percentage of drug released = -----------emee————- L 10
200 x 5 x100

RESULTS AND DISCUSSION

PREFORMULATION STUDIES

Characterization of Cefixime:

The characterization of drug was carried out bydcmting various physicochemical tests includingtmgl point
determination, spectral analysis such as UV spectamd IR Spectrum for pure Cefixime .It was foutnett
cefixime is heavy crystalline in nature with vaggod flow property . The appearance of cefixima/fste to off
white crystalline powder with water content of @ % .The Bulk density and Tapped density of cefxiwas found
to be 1.0 and 1 .45 gm/ml respectiveljhe melting point was found to be 222°C —224°C @wpmared to 224°C
which is reported value in literature . FTIR spenirof Cefixime shown ifrigure no .1 .
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D) sHIMAaDZU

Figure no .1 FTIR spectrum of Cefixime
Functional groups of cefixime were present in thiéRFspectrum . This confirms the purity of substanc

Compatibility Study ”:

Compatibility study for cefixime was carried outtlwipotential formulation excipients to determinesgibility of
any drug-excipient interaction/incompatibility . lobservations revealed that the assay of drud allitexcipients
separately was between 98 .63 to 100 .1 % aftata38 of accelerated studies . Compatibility steidieelevated
temperature conditions showed that drug itself stable at higher temperature as well as compatilitie all
probable excipients selected for proposed reseaock . Also Differential Scanning Calorimetry waarded out to
estimate the possibility of chemical interactiondrsfigs and polymer with other excipient .The ddags not
interact with the excipient and not trans stabladprct is formed, the result of DSC thermo gramhizven in fig .no
2

DSC ; Temp
W Thermal Analysis Result c
[Temp Program] VERN -1 300.00
Start Temp  100.0 // AN
Temp Rate  Hold Temp  Hold Time / N e
[C/min ] [C] [ min ] DSC-01-VWD.tad ~ Temp / —~—
20.00 300.0 0 DSC-01-VWD.tad psc /
10.00 /
/
File Name: DSC-01-VWD.tad / Peak 26131 C
Detector: DSC60 / Onset 248.84 C
Acquisition Date  12/02/10 / 1 200.00
Acquisition Time ~ 13:17:32 . / Endset 27291 C )
Sample Name: DSC-01-VWD V2N Heat 150.15 mJ
Sample Weight: 3.960[mg] v ~_ 37.92 JIg
Annotation: / )
y Height 2.75 mW
000 il
Peak 187.32 C
/ Onset 17563 C
—~ / Endset 195.44 C
/ Heat 87.19 mJ
—_ 22.02 Jig - 10000
\' Height 1.82 mw
.00 500 70.00

Time  [min]

Fig .no .2(A) DSC Thermo graph of individual drugcefixime

Evaluation of Lubricated blends|[8]:

All the parameters namely Angle of Repose®hfor all formulations ranges from 26 .32b 30 with standard
deviation of 0 .0036, Bulk Density ranging frdm3524 to 0 .4705 gm/ml with SD of 0 .0042, thkausner’s
ratio was found to be 1.132 to 1 .114 with &0 .150 and Carr's Index was ranging from B5.80 12 .58
with a SD 0 .2861, all this values suggests tloatger blend has good flow properties and compraitgib

Unilayer core tablets consisting of drug, osmogamd solubility enhancer were prepared using 10 randsird
punch . An 8 station single rotary tablet compm@ssnachine (Labpress, India) was used for compessiAll
product and process variables like hardness, fitiabihickness were kept constant and within pasifile limits .
The machine was set to yield tablets with mean ktesfj550 mg, hardness of 6 kg/grthickness of 5 .450 mm and
diameter of 9 mm .
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DSC H Temp
mw Thermal Analysis Result 8
2,001~ TN + 300.00
[Temp Program] \
Start Temp  100.0 \
Temp Rate Hold Temp Hold Time / \
[Cmin]  [C ] [ min ] / \
20.00 300.0 0 / \ /
DSC-02-VWF.tad ~ Temp \ /
DSC-02-VWFtad ~ DSC / \ /
/
0001 Peak 12347 C /
Onset 11499 C
Endset 100.90 C
Heat -44.39 mJ T Peak 25539 C 720000
\ /
\ -9.49 Jig / Onset 231.84 C
| Height 092 mw S Endset 27614 C
200 /
/ ) Heat 190.59 mJ
File Nam.e: DSC-02-VWF.tad 40.72 Jig
\ Detector: DSC60 .
\ Acquisition Date  12/02/10 Height 1.89 mw

\ Acquisition Time ~ 13:37:20
\_. / Sample Name: DSC-02-VWF
X / Sample Weight:  4.680[mg]
. /' Annotation:
400- \. 4 100.00

| | .
0.00 5.00 10.00
Time [min]

Fig .no .2(B) DSC Thermo graph of drug cefixime ith excipients

Evaluation of Cefixime core tablets[9-10]:

The core tablets were evaluated for weight vanmtlardness, tablet thickness, % friability andcpatage drug
content . The hardness was kept in range of 6kg/dh? . The % friability was found to be within limitsTable no
. 6 shows various physical parameters of core tabl&he weight variation accepted as per USP fs2%, all

formulations were within limit and standard dewat of all parameters were calculated .

IPQC of Uncoated Tablets:

e Size -5 .510 mm thickness @nl0 mm in diameter
® Shape -round

e Color -white

e Odour -odourless

e Surface Texture -smooth

® Marking -scored

® Mottling -absent

The formulations from f1 to F6 were evaluated fdk Bharmacopoeial standards and showed following
observations; in each test 20 tablets were samguedtested . The Weight variation test demonstratedveight
from 549 to 552 .3 mg with SD of £2 .158, the thmeks of tablet ranged from 5 .507 to 5 .512 and&8D .002,
tablets have the friability of 0 .4545 to 0 .562 %he disintegration time was from 12 to 15 minuéesl the
percentage of drug content was found to be 99.(Dt.1 percent, all these demonstrates that thet tedimpression
parameters are valid and the core tablets aremitharmacopoeial limits .

The core tablets were subjected to disintegratiofVeego-Digital-tab disintegration test apparattisjntegration
machine to understand the drug release withoutirgpathis test is as per USP guideline for Cefixiomeoated
tablet . The results of the dissolution of uncod#ddlet illustrated that the drug release fromaasiformulations in
60 minutes was foFF1 (100 .9%) F2(100 .5%), F3(96 .25 %, F4(98 .65 3, F5(96 .36 % and F6©8 .99 % .

Determination of Cefixime content[11]:

Cefixime content of coated tablets was determined found to be within limits . The drug content edch
formulation was found to be F1-96 .30 %,F2-100%063-99 .75 %,F4-98 .55 %,F5-99 .12 %,F6-99 .95 The
other parameters for evaluation of coating processe found to satisfactory and were as follows e Teight
variation for all formulations was within 563 .96%.88 mg and a standard deviation of +0 .74 td66] the weight
gain was from 3 .00 to 3 .21 % and membrane tliskattained was 0 .102 to0 .106 mm after coating .

In vitro Dissolution study[12]:
Coated tablets were evaluated for drug releasélgsafConditions for dissolution were kept simifar all batches
as mentioned earlier .
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In controlled porosity osmotic pump tablets thegdrelease rate depends on the concentration afsmetic agent
and the pore former used . The osmotic agent coratEm increases then the osmotic pressure creéaside the
tablet also increases, the core compartment imkaljegous fluids from the surrounding environmembsg the
membrane and dissolves the drug so the releade dfrtig also will increase .

The pore former concentration increases then thebeu of pore formed or the pore size also increaseitl cause
easy leaching out of the drug from the formulatiétesults are shown in Fig . 8 .

Tablets were coated up to 3% weight gain and dissol profiles of all formulation were studied . iing

dissolution studies, it was found that tablets edatp to 3% weight gain did not bust up till 16 tsouof dissolution
and drug release was very less . Dissolution oftd=F6 in various media and the values of R(coedfitiof
correlation) and K (rate constant) of release nodéF1 is as shown in table no .8

Formulation F1:

This formula was designed by using sodium chloglime (100 mg/tab) as an osmogent and the propasfidrug
to sodium chloride was 1:0 .5, this was chosen iagmmm base for osmotic activity, Coating compasitiC 1 was
used for coating of the tablets[13]

Formulation F2:-

This formula was designed by using sodium chlo(Bi0 mg/tab) as an osmogent and the ratio of drggmogent
was 1:1 .5in the core of tablet . Coating compositC 1 was used for coating of the tablets andtliien profiles

of formulation F2 were studied . During dissolutistudies, it was found that tablets coated up tovBSight gain
(F2) released 100 % of drug in 12 hours and theg delease profile was constant; neither did théetalbusted
during entire period . Drug release up to 5 houas wxcellent (up to 40 %) in batch F2 than F1,datilng that
increase in concentration of sodium chloride le@disicrease in drug release . Tablets after disisolstudy were
subjected to SEM study to ascertain the density sizd of pores formed during dissolution of optieuz
formulation . Dissolution of F2 in various medias.Table no .2shows percentage cumulative drug release of F2 in
SIF & SGF .

Table no .2 Percentage cumulative drug release o2fn SIF & SGF

Time in min . | Cumulative drug release in SIF % | Cunulative drug release in SGF %
75 rpm 50 rpm 75 rpm 50 rpm
0 0.000 0.000 0.000 0.000
15 11 .580 11 .346 11 .040 11.116
30 11.134 11.054 11.230 11.069
45 12 .278 11.725 11 .676 11 .524
60 13 .167 12 .289 12 .495 11.945
120 14 .041 13.212 13 .480 13.294
180 19 .872 15.296 16 .274 15 .510
240 21 .380 16 .526 16 .970 16 .274
300 29 .242 19 .628 18 .927 18 .124
360 32 .847 24 .015 23.114 20.371
420 46 .122 38 .393 34 .590 32 .677
480 54 .446 53.794 49 .576 47 .938
540 71.167 68 .165 66 .152 64 .994
600 82.193 75 .969 79 .881 78 .623
660 99 .627 85 .167 90 .891 85 .845
720 99 .056 98 .914 97 .364 95 .820
780 98 .205 97 .094

Formulation F3 :-

This formula was designed by using sodium chlois@ mg/tab) and mannitol (50mg/tablet) as an osmibgad

the ratio of drug to osmogent was 1:0 .5 .withiantiselves the ratio of osmogent as 1:1 with redpemhe another .
Coating composition C 1 was used for coating oftétidets . Tablets of F3 did not bust till 16 houBut the drug
release was decreased to a minimum level and effigi of synergism of osmogent was not as effeets/eodium
chloride alone . Hence further batch was plannedgusarying proportion of NaCl and mannitol to giweore

osmotic pressure than F3 so as to achieve highegrrétease .

Formulation F4 :-

This formula was designed by placing mannitol agomeomponent of osmogent mixture and sodium ct@s
minor (3:2), while the drug to osmogent ratio ipkeonstant1:0 .5 . Coating composition C 1 wasl dse coating
of the tablets . Percentage drug release wasnedsatch F4 than batch F3 . As mannitol and sodibharicle was
used in 2:3 ratio, less osmotic pressure was gttkiaside core tablet which leads to less uptdkeissolution
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medium inside the tablet which was further respaedior less drug release than earlier batche#l d8ig release
was 100% within 16 hours, so further batch was n@nwith increased amount of mannitol and itsetinal as
osmogent and to study the resulting drug release .

Formulation F5 and F6[14] :-

Formulation number F5 and F6 was designed by isargaamount of mannitol in core tablet to increeste of
pushing process by faster hydration of polymer .ofint of mannitol was increased from 100 mg/tab® Sg/tab
in core tablet . Coating composition C1 was useddating of the tablets .

Drug release was not satisfactory i .e . still ¥00elease was observed in 24 h from batch numbeand F6 .
This indicates that change in osmogent has sev&ret ®n drug release rate in this osmotic drugveey system
.This is augumented to the osmotic pressure gextbriay the respective osmogent in similar conceantras
osmotic pressure is colligative property it wilffdr acording to the molecular weight of osmogemd aot acording
to metric weight .With change in osmogent if equilah concentration are prepared then the type ofogent used
is immaterial .

CONFIRMATION OF DRUG RELEASE MECHANISM:

To confirm drug release mechanism, coated tabletptimized formulation (F2) were subjected for gimelease
study under similar dissolution conditions as thiabptimized formulation (F2) but in media of difésmt osmotic
pressure .To increase the osmotic pressure aktbhase media, NaCl was added to water in the cdrat®n of 2
M .These tablets did not busted up to 6 hours séalution study . Only 5% drug release was obsefoethese
tablets up to 6 hours . This indicates that drugeisased only through pores and not because fofsitifi of drug
through semi permeable coating . Pressure gradiastreduced due to use of 02 M NaCl solution, whicis
responsible decrease in rate of drug release .comrms that osmotic pressure is the primary rme&dm of drug
release .

Influence of formulation variables on the releaseate from controlled porosity osmotic pump tablets:
Formulation F2 was selected as optimized formutatiad further study of effect of formulation valied was
carried out on the same formulation .

Effect of polymer concentration in coating solutionlayer:

F2 was coated with CI, CII ,ClIl ,out of which th@mulation CI with 1% w/v polymer as compared he tvolume
of coating solution was seen to give 100 % drugast within 12 hours ,and there of with Cll andl @le drug
release after 12 hours was 48% and 36 % respectivel

Effect of pH of dissolution medium:

In order to study the effect of pH and to assureel@able performance of the optimized formulatidf2) is
independent of pH, release study of the optimizmunfilation was conducted in media of different pktidic
buffer pH 1 .2, phosphate buffer pH 7 .4) . Distiolu apparatus used was rotating paddle type (W@ i) at 75

rpm and 50 rpm . Aliquots of 2 ml were withdrawneaf15,30,45,60 min and 2, 3, 4,5,6,7,8,9,10,113,24,15
and16 hours and samples were analyzed spectropbawtoafly .Also all formulation were subjected tsgblution

in SGF and SIF to assure that entire formulatiors showing drug release independent of pH and hence
independent of location in GIT.Comparative dissolutprofiles show that drug release through osmdtieg
delivery system is pH independent release systesh@sn intable no.4.

Effect of varying agitation on drug release:

To study the effect of varying agitation, simulatecchanging motility in GIT due to physiologicaicipathological
change, an drug release is carried out b subjettiagptimized formulation to dissolution in botleda (SIF &
SGF) at two different rpm that is 75 rpm and 50 rrhe F2 formulation was subjected to dissolutiod drug
release was studied in SIF and SGF at 75 and 5Gsgpimtable no .4 and figure no .3 . Dissolutionditions were
kept similar for all three trials .

Drug release kinetics and optimization[14] .( Curvditting analysis)

The in vitro release data was fitted to variousekim models like Higuchi, First order, Zero orderdaPeppas .
Results are given in the table no .4 and fig .no The percentages of drug release from all fortrarla were
studied and the best model fitting for drug relepsdile is selected for all formulations . In corited porosity
osmotic pump tablets all formulations(F1-F6) folloveero order kinetics,out of which formulation FH2ows
maximum values of R nd Jindicating its perfect suitability for zero ordedease . Then the optimized formulation
F2 giving required and predictable dug releaseQff%94 drug release within 12 hours is studied forgdrelease
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pattern and the best fitting model is decided byngaring the coefficient of correlation (R) and tieéease rate

constant for all models . The model with maximurtugaof R & K is selected as best fit model .

Figure no .3 Comparison of dissolution profiles a?5 & 50 rpm

Dissolution of F2 in both media at 75

& 50 rpm
()}
=]
S ——SIF 75
v &
2 @ —=—SGF 75
£ 3 SIF 50
o SGF 50
(3]
o
1000
Time in min.
Figure no .4 Release profile of F2 in SIF
190 - Release Profile of F2 in SIF
100 A /0’—\0\
3 / hS
@ %07 /
(4]
E 60
—e— Actual
g’ / Zero
O 401 Bt
X Matrix
20 A Peppas
HixCrow.
0 T T T T T T T T 1
0 100 200 300 400 500 600 700 800 900
Time

Dissolution of F5 &F67 in various media asfig . no . 5and the values of R(coefficient of correlationfid (rate

constant) of release models of F5 & F6 is as shiovtable no .3 .

In vitro drug release study at 12 hour (h) and Comprative evaluation
The drug release percentage of all formulations sttadied under identical dissolution conditionsf@rably in SIF,
and the percentage drug release at 720 minutedcislated so as to evaluate which formulation gil@3 % or near
drug release at that time . The formulation (F2)steg maximum (100%) drug release at that timeadsensuitable
to be used for achieving the best predictable amralled drug release with no fluctuations in phasdrug
concentration . The drug release at 720 min frdnfoainulations was respectively as follows F1( 88 %), F2(99
.05 %) ,F3(62 .32 %) ,F4(64 .31 %),F5(64 .05 %) B6(b4 .04%) .

Table no .3 Rate constants of drug release modelrfall formulations

Formulation | Constants | Zero order | | st order | Matrix | Peppas| Hix .Crow
F1 R 0.9612 0.8719 0.910p 0.9342 0.9338
K 0.1023 -0.0024 2 .555 0.788 0 .0006
F2 R 0.9874 0.7355 0.8914 0.9148 0.8618
K 0.1253 -0.0035 2.307 1.2157 -0 .0008
F3 R 0.9286 0.7142 0.8175 0.8686 0.8198
K 0.0879 -0.0022| 2.076fy 1.1810 -0 .0005
Fa R 0.9083 0.7357 0.7928 0.8429 0.811p
K 0.0889 0.0023 2.089 1.2429 -0 .005p
Fs5 R 0.9441 0.6726 0.8292 0.8460 0 .8289
K 0.0853 -0.0022| 2.0758 1.0157 -0 .0005
6 R 0.9000 0.6272 0.784p 0.8318 0.771p
K 0.0838 -0.0029| 1.9697 1.3401 -0 .0004
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From comparative study within the (F1,F2,F3,F4,R8 B6)formulations the F2 is the batch with 100 Gdrelease
within the expected time and also follows the parfeero order drug release which is desired .Therkg release
is also confirmed by plotting the graph of cumulatdrug release against time in minutes whichsgaght line in

indicating the constant zero order drug releaseerfformulation obeys the basic equation of zemebp release
that can be represented by the equation:

QO - Qt = KOt 1)

Rearrangement of equation (1) yields:

Qt = QO + KOt 2X

where

Qt is the amount of drug dissolved in tite

QO is the initial amount of drug in the solution .

KO is the zero order release constant expressexiis of concentration/time .

Membrane morphology and Pore size analysis shell pbrous osmotic pump tablets:-

To get a perfect idea of the pore size formed leydissolution of water soluble pore formers (PE® 40d D
sorbitol) contained in the coating semipermeablenbrane, the SEM is performed . Membranes obtaireddré
dissolution clearly showed non porous region (R .. After 12 h dissolution, clearly showed poi@sned in range
of 1 to 50pum owing to dissolution of PEG 400 (Fig . 5) . Tleadhing of PEG 400 from the membrane leads to

formation of pores, and thus the release of drigsglace . In formulation F2 contains 50% PEG Whicoduces
sufficient pores .

Figure no .5 SEM studies which showed the pore sianalysis (a)before dissolution and (b) before dislution.

(a)before dissolution (b) before dissolution

Stability studies:

Stability studies on the optimized formulation (F&gre carried out to determine the effect of presenf
formulation additives on the stability of the dragd also to determine the physical and chemicéail#yaof the
formulation under accelerated storage conditiofke tablets were stored in 40 cc HDPE bottles ®gm silica
bags and subjected to following conditions in agpaonmable environmental test chamber (CHS 6 REMIial) as
per ICH guidelines . The temperature is maintaiaed0 + 2C ,relative humidity of 65 = 5 % RH and duration of
study was 3 months . Initial samples (t = 0 M) atability samples (t = 1M,2M and 3M) were evaluaiater:

Description:

Tablets of stability sample (t =1M,2M and 3M) wereserved for physical change . There was no chamgelor
and appearance of tablets after stability studieke parameters evaluated after accelerated syasilidies were
weight variation, thickness, hardness, disintegratime and percentage content . All tests wereleyed with
n=20 for better statics and all parameters werkimwitmits of agreement .

In vitro drug release profile:

Accelerated stability sample (t = 1M, 2M and 3 Maswstudied for in vitro drug release profile. Digson
conditions were kept constant for initial sample=(t0 M) and accelerated stability sample. After t¥3the
optimized formulaton F2 showed 100 % drug releaitieinvl2 hours.

No changes in drug release were seen after 3 montstorage under 40°C, 65% relative humidity, thidicates
that no untoward reaction or degradation of drufprmulation has occurred during acceleratedaggiconditions
that will effect drug release profile of formulatié&2 .
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Active drug content (assay by UV)

Initial samples (t = 0 M) and accelerated stab#igynples (t =1M, 2M and 3 M) were analyzed forxigefe content
by using UV system . Freshly prepared standardisolwas used and the results of drug content waarige of 99
.63 t0 100 .0% .

CONCLUSION

The aim of present investigation was to developeoaalay CPOP for Cefixime with controlled porosigmotic
unilamelar tablet and cellulose acetate as coaimlgmer . The developed osmotic drug delivery systeould
deliver Cefixime at zero order mechanism . At thms time systemic drug levels will be above minimeffective
concentration, constant without fluctuations angstmay reduce adverse effects and improve theaeffic

From preformulation studies of Cefixime (M .P, Sality, UV identification, density, IR spectroscomnd DSC
thermo gram), it is confirmed that the sample isepand authentic as the observation coincides stahdards of
Cefixime. Similarly the preformulation of polymessid excipient was carried out, which assured théypand
identity of all polymers and excipient. The DSC dafug along with polymer and excipient establishis t
compatibility of drug with all excipient. The shift the position of exothermic pick correspondingthe melting
point of drug in the formulation thermo gram is piaent and broad(100-124 C) and not transient gsanstable
by product of drug is formed in the formulatiorA number of formulation batches were tried with ivas
osmogent(NaCl and D sorbitol) alone and their caovatibns ., with varying concentrations of cellul@etate (39
.65% acetylation) polymers and with varying projmrtof pore former (PEG 400), in the coating semipeable
membrane .

The compressed core tablets produced showed tHeatwa parameters ,mean thickness (5 .540-5 .58¢) m
,weight variation (545- 555 mg ) , mean hardnedskg/cnf) , friability less than 0 .6% and drug contentviestn
96 .00 to 100 .36 %, which are excellent for cagiimo an osmotic tablet . After the coating of edablets in
conventional coating pan the evaluation of coatingstablished by the calculation of parametées Weight gain
,which was found to be not more than 3%,the thiskn& coat was found to be 102 to105um and isamph to
achieve the predictable drug release .

More than 70% drug was released in 12 hours frdmfoamulations and 100 %drug released from optimize
formulation (F2) . Increase in concentration of oimagents lead to increase in release rate aki@ef(F1 to F2
and F5 to F6), due to increase in osmotic presguadient between the core compartment and extematonment

. Its release was not only affected by osmogentitgncbncentration in core tablet but also by tize sand density
of pores formed in semipermeable membrane . Inergasoating thickness leads to decrease in itasel rate .
Increase in polymer concentration in the coatirygildeads to decrease in its release rate .

Optimized formulation’s tablets busted within 8 howf dissolution study in hyper osmotic 2M of Na@ixed in
phosphate buffer pH 7 .4, which indicates that dsugleased through orifice only by osmosis andbyadiffusion
through membrane .

Cefixime release from developed osmotic system ma@saffected by the pH of dissolution media . Ojitizd

formulation batch (F2)with 1:1 .5 cefixime to sodiwchloride was subjected for dissolution in SGF &tid at 50
and 75 rpm to prove the independence of drug reléasn pH and agitation speed ,this confers theass of
Cefixime from F2 was unaffected by the physiolobichanges and pathological conditions which cagkasge in
pH and gastric motility . Cefixime content and dre¢ease along with hardness and weight variatiereviound to
be within limits after accelerated stability stuglieThus optimized formulation (F2) was found tosba&ble under
accelerated stability conditions .

From release profile it can be seen that dissalubfoCefixime in CPOP increase with increase in @gemt and in
formulation F2 the drug release is 100 % at 12 $(oLrl .5 ratio of drug: osmogent) as in tableso .

It was found that the drug release from CPOP wse directly proportional to thickness of coatingight gain in
coating and level of pore former in proportion tdypner in coating solution .(Wt .Gain -3%,PEG &%) .

The SEM revealed that sufficient density and siétalive (50-100pu) of pores were responsible fogdalease and
generation of suitable saturated osmotic pressisidé compartment .

From the above study it is concluded that the dis®m and invitro drug release of Cefixime, a dngh low
solubility, can be increased by use of SLS as diainly agent (3 .36 %) .
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Also the controlled drug release can be achievefibimgulating the Cefixime in formulation F2 to gigezero order
drug release for 12 hours and thereby decreasmgidbe of drug to 200 mg daily without fluctuationgplasma
drug concentration .

The results suggest that drug release takes plecdhg in situ formed micro porous structure . Deped
osmotically controlled oral delivery system can bsed as once-a-day controlled-release formulattbos
increasing patient compliance . This system is effsttive and simple to prepare as no drillingeguired and can
be used for controlled delivery of water-insolubtegs .
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