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ABSTRACT

Cefpodoxime proxetil is a third generation broad spectrum S-lactam cephal osporin class of antibiotic administered
orally in pediatric and adult patients and is extremely bitter in taste. Masking bitter taste is a major challenge for
better patient compliance particularly in an antibiotic treatment where dose and duration is important. Among the
various techniques available for bitter taste masking, ion exchange resin is a popular approach as it has significant
advantages over other techniques. In the present study resinates of cefpodoxime proxetil were formulated using
anion exchange resin Duolite AP143 and cation exchange resin Kyron T-104. Resinates were prepared in various
drug: resin ratios using batch method. The prepared resinates were characterized for FTIR, DSC, and SEM studies.
The release rate of Duolite AP143 resin in the ratio of 1:2 Drug: resin complex showed identical release profile.
Taste masking was done with increasein the ratio of resin.
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INTRODUCTION

Oral administration of pharmaceuticals is one o tmost popular methods of drug delivery. Many grall
administered drugs elicit bitter taste. Palatabibtan exceptionally important factor in ensurthg likelihood that
the recipients will intake the pharmaceuticals.olgtant problem is in treatment of reluctance ke the bitter drug
especially in paediatrics.[1] Acceptability of adsug dosage form mainly depends over its tasteishaiouth feel.
The drug molecule interacts with taste buds ontdngue to give bitter, sweet or other taste semsatvhen they
dissolve in saliva. The problem of bitter and olinas taste of drug in paediatric and geriatric folations is a
challenge to the pharmacist in the present scendénce it becomes necessary to develop a dosagefiat must
be suitable in taste to patient especially in aafsehildren or geriatrics. [2] Unpalatability resailin patient non-
compliance to the medicines especially in casehdflien and elderly, thereby reducing the effeaiags of the
pharmacotherapy. Therefore, it is necessary t@tees mask the bitterness for enhancing patientpliance and to
improve oral palatability of bitter tasting drugs.number of methods have been reported for mastiagbitter
taste, such as use of ion-exchange resins, [3] aisenclusion complexes with cyclodextrins,[4fscosity
modifications[5] melt granulation,[6inicroencapsulation techniques like spray-drying,$pray-congealing,[8]
coacervation[9]and solvent evaporation methlid lon exchange resins are solid and properly insiza high
molecular weight polyelectrolytes that can repldesr mobile ions of equal charge with the neighirmymedium
reversibly. Typically, the ionized drug and the exchanger form a stable complex for the relatiwhgrt period of
exposure, making the drug unavailable for tastasatton. As the formulation passes to the furthetspaf the Gl
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tract, the drug is released from the ion-exchanggr the surrounding media due to low pH in thensch,
augmented ionic concentration of the Gl tractgéarvolume of the surrounding media and/or increagastric
residence time and is, thus, accessible for alisorgbn exchange resins have been widely useddasgacarrier in
pharmaceutical dosage forms for their taste maskimtjcontrolled release applications[11]

Cefpodoxime proxetil is a third generation cephadws1 antibiotic given orally which is very sligktlsoluble in
water; freely soluble in dehydrated alcohol. Oraawailability is about 50% in fasting subjects amdy be
increased in presence of food. Peak plasma comtiems of about 1.5, 2.5 and 4 micrograms/mL hagenb
achieved 2 to 3 hours after oral doses of 100,2@0490 mg cefpodoxime respectively. Plasma prdi@iding is
20 to 30%. T, is about 2 to 3 hoursLCefpodoxime Proxetil has good activity against estiacteriaceae,
Hemophilus spp. and Moraxella spp. and is alsovactigainst Gram positive bacteria, especially ajain
streptococci. It has been used most widely in tbatinent of respiratory and urinary tract infectitifis also used in
children for treating pharyngitis or tonsillitist is noncrystalline, slightly basic compound andemaforal
administration is absorbed from the gastro intestiract (stomach and duodenum). It has a betlebgity in the
acidic pH i.e. in the upper Gl region which willrfaer increase its absorption. [12-15]

In order to mask the bitter taste of cefpodoxinexptil complexation technique using strong catirohange resin,
Tulsion-344 resinates were prepared. The prepagednates were evaluated for micromeritic propertiaste
masking and were characterized using DSC and IB.r&sinates were then formulated into sustaineshsel matrix
tablets using Hydroxy Propyl Methyl Cellulose(K100he tablet was found to sustain the release wd dwver a
period of 12h. [16]

In this study, in order to mask the bitter tasteCéf, drug resinates were prepared using two diffeesins Duolite
AP143 and KyronT-104 in order to achieve tastekimgsof bitter drug and to assess the performasfcaste
masked resinates of CP in healthy human volunteers.

MATERIALSAND METHODS

Materials
Cefpodoxime Proxetil (CP) was obtained as a gifhga from Dhanuka lab (Mumbai), Duolite AP143 was
obtainted as a gift sample from Dow chemical c&phim and Haas(France),

KyronT-104 was obtained as a gift sample from Cé&tehrma chem.(Ahmedabad) ,Glycine Merck(Mumbali).Al
other chemicals used in this study were of anallticade.

Preformulation study

Analysis of drug candidate

Visual inspection of drug was done and descriptisrper specification was checked. It was foundetavhite to
brownish white powder.

M elting point
Melting point of drug was determined by capillargtimod. The melting point is found to be’€8

Solubility study

An excess quantity of Cefpodoxime proxetil was pthin 25ml capacity glass flasks containing 25mdiffierent
solutions (Distilled water, 0.1N HCI and phosphhtéfer pH 6.8).The samples were sonicated for 10atiroom
temperature and capped conical flasks were shaketvhr at 37C using orbital shaking incubator.The supernatant
solution was then passed through a whatmann filggrer (Grade 1) and the amount of the drug disdolvas
analyzed spectrophotometrically (UV-SL-164 Doubaim spectrophotometer Elico, Hyderabad) at 259rter af
suitable dilution. This study carried out to sele@cuitable dissolution medium for tirevitro drug release studies.

Purification of lon exchange resins

All the resins were pretreated to remove the im@msiassociated with industrial scale manufactufee resins
were purified by rinsing 10gm of wet resin with Sml portions of deionised water, 1 x 50ml of 95&bamol and 1

x 50ml of deionised water. Each stage of treatni@sted for about 1hr under magnetic stirring. Tésinr then
conditioned with 60ml of 2M NaOH and 60ml of 2M H@hd was washed with deionised water after each
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treatment. Finally the resins were recovered bywacfiltration, washed thoroughly with deionisedt@raand dried
in a tray dryer for 12h at 40 then ground and passed through sieve no. 6( @ geiform size distribution.

Preparation of Drug Resin complexes (Resinates)

lon exchange resins are cross linked water inselpblymers carrying ionizable functional groupssiRate were
prepared by Batch process. According to this methodurately weighed amount of drug and resin asaiighly
dispersed in 50ml of water and was stirred on amatig stirrer for 5h to get resinate. In the cutrgndies Duolite
AP 143 and Kyron T104 resins were used to prepesimate. Table 1 and 2 depicts the amount of dnagresin
used in various complexes.

Drug resin complexes were prepared by mixing Cefgode proxetil with anion exchange resin Duolite A®3
and weak cation exchange resin Kyron T-104 in waristoichiometric ratios (1:0.125, 1:0.250, 1:@.3, 1:2 and
1:3 of Drug:Resin). Weighed amount of resin waseadtb distilled water (50ml) in a glass beaker dine
suspension was stirred on a magnetic stirrer fomB0followed by the addition of the drug and tlwmients of the
beaker were allowed to stir for another 5 h at @7Resulting drug resinates were then separatdidtiagion and
washed with distilled water to remove the free dang other ions. Then the resinates were subjd¢otesiernight
drying at 40 °C and the dried resinates were ket desicator till further use. lon exchange resires solid and
suitable high molecular weight polyelectrolytes tttn exchange their mobile ions of equal chargéh wi
surrounding medium reversibly and stochiometricatgy are available in desired size ranges .Biéionic drugs
can get adsorbed on to the weak cationic exchaggiesr of carboxylic acid functionally to form thenaplex which
is not bitter. Drugs are attached to the oppositbgrged resin substrate or resonate through vesgsd bonding so
that dissolution of the drug does not occur uné@divary pH conditions. This suitably masks the @glant taste
and odor of drugs.

Drug loading analysis

Dry drug resinate (100 mg) was extracted with hgbtaric acid (0.1 N HCI, 100 mL) in a sonicatingttbdor 30
min. The flask was allowed to stand for 1 hour #imeh an aliquot (1 mL) was diluted to 10 ml withtemand
filtered. The filtered sample was analyzed by U\¥&pophotometry using a double beam spectrophoem{st-
164, Elico) at 259 nm. For each resinate extrastiware carried out in triplicate.

In vitro dissolution study

The in-vitro drug release study was performed usiiBINDIA DS 8000,Mumbai) USP type-Il paddle appars
containing 900 mL of Simulated Gastric Fluid(pi2)las dissolution medium mentioned in USP. Aliquait® ml
were withdrawn at predetermined time intervals andequal amount of fresh dissolution medium wasdddest
samples were filtered through whatmann filter pagede 1 (Whatmann Paper Limited, UK), suitablyuwitl if
necessary and assayed at 259 nm using a blankosoast reference with a UV-Vis double-beam spettobpmeter
(SL-164, Elico). The cumulative percentage of Cdfpame proxetil dissolved was calculated using gression
equation generated from the standard data.

Infrared (IR) spectroscopy

IR spectroscopy was conducted using an FT-IR spglettometer (Spectrum BX 1-FT-IR, Perkin Elmer, YSA
The spectrum was recorded in the range of 4000M00the procedure consisted of dispersing a sampkBin
gentle mixing. The spectrum was scanned at a résolaf 0.15cnT and scan speed was 20scans/s.

Scanning electron microscopy (SEM)

The surface characteristics of samples were stuglyescanning electron microscopy (SEM).Double sidatbon
tape was affixed on aluminium stubs .The powderptarwas sprinkled onto the tape. The aluminium stwire
placed in the vaccum chamber of a scanning electrienoscope (ZEISS, Germany). The samples wererobde
for morphological characterization using a gaseeasondary electron detector (working pressure: To#,
acceleration voltage: 30.00kv). The particles wabreerved for surface characteristics.

Taste Evaluation

After taking ethical committee approval all thedbeds of drug resin complexes were subjected tagugtsensory
evaluation test performed on ten volunteer. Thenviaers selected randomly and were instructediéctine samples
as per the taste evaluation scale. Same set ohtedts were employed for the taste evaluation stSdynple

equivalent to 50 mg was held in mouth for 15 sdw® &valuation was performed by classifying bitgsté into five
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classes: 0-No bitterness, 1-Acceptable bittern2sSlight bitterness, 3-Moderate bitterness, 4-Sjrbitterness.
Significant differences among different drug resi#savere analyzed using the student's unpairest;tdevalue of p
< 0.05 was accepted as index of a significant diffee between samples.

RESULTSAND DISCUSSION

The drug loading analysis was carried out for pregaesinates. The complexation of drug with DeoliP143 was
found to have efficient binding and good resinatese formed. Maximum amount of drug was loaded With
DRCD ratio which was about 41.82% and minimum was 4:0.125 DRCD of about 34.65%,when repeated with
Kyron T104 more amount of drug was loaded with RUK of about 41.59% and was less with 1:3DRCK afutb
36.49%. This suggests that increase in the coraténrof resin, decreases the drug loading capaaityitro drug
release studies were performed for the preparddates and as the prepared resinates float on iseldtion
medium, the equivalent amount of pure drug is pldnea muslin cloth and tied over the bottom of plagldle. This
study was conducted in Simulated Gastric Fluid (2{lising type-Il rotating paddle apparatus at p6or

There was decrease and sustainment in the drugseelith increasing concentration of resin Duokfel143.
Highest cumulative amount of drug release was olsewith 1:2 DRCD resinate and was 77.09% at theadre"
hr. Pure drug has shown a drug release of 68.82feand of 6h. The same was observed with resitatetaining
Kyron T104and was found to be highest with 1:0.20K and was 37.92% at the end of 6h. Figures 12asitbw
the drug release profile of drug from resonatespeetively, at various concentrations of resine @ssolution rate
from both the resonates follows the order 1:2DRCDXADRCD>1:0.25DRCK>1:0.125DRCK with cumulative
percent drug release order of 77.09%>51.30%>37.8%44%, which suggests extended release patteseddny
ion exchange resin. As the drug is having absangtioentire GIT, even sustained action of resinaressuitable
formulations and the results are consistent witls thechanism. The mechanism behind this sustaicddna
depends on fact that, the ion exchange is an bquith phenomenon. When the resinate is exposadsasution of
the salts it displace the drug until an equilibrii;reached. At that point no net drug is releasémvever in the
body some of the released drug gets absorbed hietdlbod. This results in reduction of the amouhtig in
solution and so more drug is released from thena¢sito compensate. This situation continues afitihe drug has
been released or the resinate reaches a part oGlhewhere drug absorption stops. The FTIR spedira
cefpodoxime proxetil, resin and the resinate mixtli’2 DRCD are depicted in Figure3,4,5. The putsydhowed
characteristic absorption bands tnat3448.77 and 3328 (NHstretching), 2987, 2938,328a&romatic CH
stretching), 1758, 1679,1623 (C=0Ostretching), 15B4589 (C=C stretching ), 1276,1376 (C-N stretchirithe
same peaks were observed in the resin and optinésedate. The absence of any peaks in the resinadéeates
that there are no polymorphic changes in the dulgstance during the preparation of drug resindths. FTIR
studies revealed that there was no chemical inierabetween the drug and the resin(duolite) inrdmnate. The
surface characteristics of drug, resin and resimatee studied by SEM. Double sided copper tape stndper
coated with gold-palladium in the presence of argas was used where the powder sample was sprinkledthe
tape. The aluminium stubs were placed in the vacchamber of SE microscope. The samples were olibéove
morphological characterization using a gaseousrskny electron detector. The particles were obskfeesurface
characteristics. The SEM micrographs of drug, resid resinatel:2DRCD at different magnifications stiown in
Figures 6,7,8. The pure drug was characterizedripstals of bigger size and irregular shape withapparent
smooth surface.

The figure of duolite AP143 depicts that the suefabaracteristics are of irregular shape with simsatfaces and
that of resinate shows that no porous structurepersent upon loading the resin, this is becatiseoss linking
between drug and resin. Spherical resinates ameefibr

All the batches of drug resin complexes subjectedustatory sensory evaluation test by volunteed, lzased on
their opinion, complexation of cefpodoxime proxetiith anion exchange resin Duolite AP143 was fouad
increase the acceptability and palatability of dineg. However 1:2 DRCD, 1:3DRCD of Duolite AP143sxfaund
to have better masking properties compared to attiers of Duolite AP143.

Taste masking properties was found to be goodgh hesin ratios with Kyron T-104, 1:3 DRCK was fouio have
better acceptability and palatability. But lessteéasmiasking was observed with kyron T104 when coegpavith
Duolite AP143.
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The taste masking ability was found to be dependarntoncentrations as it improves at higher comaéanh. This
is because at high concentration each and evenry pamticle comes in contact with the resin netwtir&reby
improving taste masking by the resins.

Table 1: Quantities of Drug and Resin taken for different drug to resin ratios (DRCD)

Drug: Resin Amount (_)f Cefpodoxime Amount of resin Volume_ of water taken
) proxetil taken (gm) (DuoliteAP143) taken (gm) to disperse (ml)

1:0.125 1 0.125 50
1:0.250 1 0.250 50
1:0.5 1 0.5 50

1:1 1 1 50

1.2 1 2 50

1:3 1 3 50

DRCD= Drug resin complex using Duolite AP143

Table 2: Quantities of Drug and Resin taken for different drugtoresin ratios (DRCK)

orvg e | o | Amantoreen VA
(gm) y 9 (ml)
1:0.125 1 0.125 50
1:0.250 1 0.250 50
1:0.5 1 05 50
1:1 1 1 50
1:2 1 2 50
1:3 1 3 50

DRCK= Drug resin complex using Kyron T 104

%cum drug release

=—&—pure drug

——1:125CRCD

=ae=1:.25 DRCD

= ]:.5 DRCD
==te==1:1DRCD
=0=1:2DRCD
1:3DRCD
1] I- | | | | | | 1
0] 1 2 3 4 5 6 7
Timein hrs

Figure 1: Figure showing comparative release profile from Pure drug and resinates of Duolite AP 143
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—4—pure drug
——1:0.125DRCK
=de=—1:0.25 DRCK

—=—1:0.5DRCK

%cum drug release

=t 1:1DRCK

=0—1:2DRCK

== 1:3DRCK
0] 1 2 3 4 5 6 7

Time in hrs

Figure 2: Figure showing comparative release profile from Puredrug and resinates of Kyron T 104

Figure 3: FTIR spectrum of pure Cefpodoxime proxetil
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Figure4: FTIR spectrum of Duolite AP 143

Figure5: FTIR spectrum of resinate 1:2DRCD
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Figure 6: SEM of Pure Cefpodoxime proxetil

Figure 7: SEM of Duolite AP 14
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Figure 8: SEM of resinate (1:2DRCD Loaded Drug resin complex)

CONCLUSION

In this work, efforts made to prepare stable rdsifiar oral bioavailability and taste masking Cefprime proxetil.
Resinates of Cefpodoxime proxetil with anion exg®resin (Duolite AP 143) and cation exchange résimon
T104) and observed results found to increase teptability and palatability of the drug. An atfgnmade to
enhance the dissolution of Cefpodoxime proxetihviit2 DRCD of Duolite AP 143 and it was found tdnidsit taste
masking and also gooth vitro drug release property. The taste masking abilityboth resins at different
concentration exhibited same taste masking propeitty respect to Duolite AP 143, whereas with Kyrbri04
better acceptability and palatability of drug wasserved in 1:3 DRCK. The drug loading was moreoiwdst
concentrations of Duolite AP 143 and Kyron T 10#vitro drug release was more with Duolite AP 143 compare
Kyron T 104.
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