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ABTRSACT

In the present work, taste masked resinates of levofloxacin using Tulsion-335, an acidic cation ion exchange resins
were used to develop its oral suspension formulations. The drug resin complexes were prepared by batch process by
taking drug toresinratios of 1:1, 1:2, 1:3 and 1:4. The techniques of differential scanning calorimetry (DSC), X-ray
diffraction (XRD) and Fourier transforminfrared spectroscopy (FTIR) were used to characterize the drug resinates.
The ratio of 1:4 was found to be effective for masking the bitter taste of the drug as confirmed by the taste studies.
Dissolution rate studies of the taste masked drug resin complexes were carried out in Phosphate buffer pH 6.8
(Salivary pH). Dissolution rate studies in phosphate buffer pH 6.8 showed that more than 90% of pure drug was
dissolved in 5 minutes, while in the same period the dissolution of levofloxacin from drug resin complex in 1:4 ratio
was below 40%. This was the possible reason for reduction of bitter taste of drug. Finally the resins were used for
the preparation and evaluation of oral suspension of the bitter drug. The developed oral suspension was found to be
better in taste when compared with marketed suspension of levofloxacin.

Keywords. Levofloxacin, Acidic Cation Exchange Resin, Tabtasking, DSC, FTIR, X-ray Diffraction, Tulsion-
335 (Polacrilex resin)

INTRODUCTION

The oral route of drug administration is populamwenient and widely accepted method of adminisgetie drugs.
Oral route of drug administration have wide acceptaup to 50-60% of total dosage forms. Solid defagms are
popular because of ease of administration, acculasage, self-medication, pain avoidance and nmogbitantly
patient compliance [1]. However, taste is an imgatrtfactor in the success of oral dosage form;bitter taste
drugs often present formulation problems and atfeetpatient compliance.

Physiologically, taste is a sensory response fiagultom a chemical stimulation of taste buds oa thngue. The
sense of taste is conducted to the brain by a psocalled taste transduction. This process begitis tive
interaction of tastant (i.e., food or medicine)wtiaste receptor cells in the taste buds.

Numerous techniques have been described in acaderdigpatent literature for masking of bitter or esidable
taste of drugs like addition of flavors, sweeteaed amino acids, microencapsulation, inclusion dergtion with
cyclodextrin, complexation with ion exchange resit preparation, group alteration and prodrug@agh [2-6].

Complexation with ion exchange resin is a simpfficient and proven technique for taste masking efumber of
bitter tasting drugs. In this technique, the bittasting drugs can be attached to the oppositefyrgel resin
substrate, forming insoluble adsorbates or resindmeugh weak ionic bonding [7]. Saliva, with areeage pH of
6.8 and a cation concentration of 40 meg/l woulty @lute a limited percentage of drugs from adstalma the
dissociation of the drug-resin complex does nouacthis suitably masks the unpleasant taste awod oddrugs.
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Immediately after ingestion, ions in the body (esaky in the lower pH of the stomach) cause ragligtion from or
disintegration of ion exchange resin drug compled dissolve the drug in the gastric content. Tke firug is now
bioavailable, which can be easily absorbed fromGHE. Thus in this technique taste masking is agdewithout
affecting the bioavailability of drug [8-9].

Levofloxacin, a fluoroquinolone antibiotic is extnely bitter in taste. This drug is marketed adra tioated tablet,
dispersible tablet, dry syrup and suspension. Mbstarketed formulation does not provide sufficieasite masking
and are not palatable. It was therefore considemrdhwhile to develop a taste masked levofloxacnmrulation
especially for children for whom swallowing of tablmay be difficult. However, the designing of éastasked
preparation for drug with unpleasant taste is diffi because of usual need to incorporate two adittory
characteristics in the product, i.e., masking gfleasant taste for patient compliance and compé¢asing of the
drug from preparation to avoid lowering of bioawgaility.

Complexation with ion exchange resin is a simpfficient and proven technique for taste masking efumber of
bitter tasting drugs [10-12]. Thus the objectivetltd present study was to utilize this techniquentsk the bitter
taste of levofloxacin (weakly basic drug), usindsian-335 which is a weak acid cation exchangeresi

EXPERIMENTAL SECTION

Levofloxacin was received as gift sample Vishal fafa, Kurukshetra; Acidic cation exchange resinsiu-335
was a kind gift from Thermax Limited, Chemical Biign, Pune, India and aspartame was a kind gifpkafrom
Martin and Brown Pharma., Hisar. All other chenscakre of analytical reagent grade and used as/egte

Purification of resin

Tulsion 335 was purified by washing with distilledater. The wet resin was activated by 0.1M HCI 300
followed by washing with distilled water. The resias then dried in vacuum oven af®aill the moisture content
came below 5% which was checked by Karl Fisheattir. The purified resin was stored in an air tiglasss vial.

Preparation of drug resin complex

In the present study, the drug resin complex wapgmed as follows. In this method, 2% slurry cimelulsion T-
335 was prepared in distilled water. The slurngwtrred using magnetic stirrer at 300 rpm. Afialf an hour of
stirring required amount of drug was added slovlyen stirring was continued for 4 hours. The slwwoyobtained
after 4 hour was filtered, washed with distilledteraand dried at 6C to a constant weight to obtained desired
complex. The Drug-Resin complexes (DRC) so obtaimerk filtered and washed with distilled water aingdd at
60°C in hot air oven to a constant weight.

Optimization of conditionsfor complexation

Mixing time: For optimization of mixing time the stirring of dyuesin mixture was carried out for 1h, 2h, 3h, 4h
and 5h at room temperature on a mechanical shakalldw maximum possible loading. The sample wanth
evaluated for drug loading after each time interval

Effect of pH: Buffer solutions of different pH ranging from 4 $owere prepared as per USP specifications. The
drug resin mixing was carried out at different mHstudy the effect of pH on drug loading.

Differential Scanning Calorimetry (DSC) characterization of samples

The thermal behavior of each drug resin complex evasnined by differential scanning calorimeter (DST0, TA
Instruments). Sample 3-4 mg was run at a scanmitegaf 10°C/min over a temperature range of 455@°C in a
nitrogen environment.

Fourier transform Infrared Spectral (FTIR) study
Drug resin complex was crushed to make KBr Pe{@%, w/w) and then their IR (IR 200 Spectrometdrermo
Electron Corporation) spectra were recorded owerdigion 400—4000 cm-1

X-ray Diffraction (XRD) characterization of samples

An X-ray diffractometer (Xpert Pro’s Pan Analyticaistrument, Model Philips PW 3040/60) was employed
study the crystalline form of the drug in the coexpl The X-ray copper target tube, K=1.5465980 A°) was
operated at Crystal monochromator voltage of 45m¥ eurrent 30 mA. The scanning was carried out @der
range of 8° to 60.
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In-Vitro Dissolution Rate Studies

Dissolution studies of complexes were performedoating to USP XXIII Apparatus Il (Labindia DS 50@)
Phosphate Buffer pH 6.8 (simulating salivary pH)auding complex equivalent to 125 mg of levofloxaii 900
ml of dissolution media. The temperature was maieth at 37+0.5°C and the rotation speed was 50 iim.
samples were withdrawn at various time intervald analyzed by UV (Lobalife). The test was carriad m
triplicate.

Taste evaluation study

The bitterness evaluation test was performed wititndn volunteers according to a previously descritmethod
after clearance from human ethical committee [T3st was carried out on a trained taste panel bfian
volunteers (3 males and 3 females, with a mearofgb years), from who informed consent was fitsained. The
volunteers rinsed their mouths thoroughly beford after the tasting. Each sample was held in tHanteers’
mouths for 30s and then expectorated, and the tesdecvaluated and assigned a numerical value dingoto the
following scale: 0- Tasteless, 1- Slight bitter Maderate bitter, 3- Strong bitter. The lower sciodicated a greater
masking effect.

Preparation of an oral suspension

Accurately weighed amount of Tulsion T335 was adme?5 ml of purified water. The slurry was stirrfed half an
hour with mechanical stirrer. Then weighed amournewofloxacin hemihydrate, sodium benzoate andaesme
was added to previously prepared resin slurry ustiered conditions. After complete addition of greolution,
xanthan gum paste and flavor were added. Stirriag @ontinued for 2 hours and finally the volume adpisted
with purified water.

Evaluation of suspension:

Particle size analysis

Particle size measurements of the formulated sssperof drug resin complex were determined by Niaawot
system (Mircotrac, Inc., Montgomeryville, PA) usiteger diffraction. Suspension of drug resin caxrplvere

dispersed in distilled water by vigorous shakingl amalyzed in triplicate with three readings pesp&msion

formulation sample.

Ease of redispersibility

Ease of redispersibility was determined by allowiing suspension to settle in a measuring cylindee. fouth of
the cylinder was closed and was inverted through’ Ehd the number of inversions necessary to resiore
homogeneous suspension was determined.

Sedimentation volume

Sedimentation volume was determined by properhkisigaand storing the suspensions in 100 ml meagurin
cylinder. The suspensions were allowed to setilerdfor 24 hour and sedimentation time as welleairsentation
volumes were determined. The sedimentation voluia ealculated using the official formula as follow:

Sedimentation volume (Vs) = Hu/Ho

Where

Vs= sedimentation volume,

Hu= Ultimate height of suspension,

Ho= Original height of the suspension before gagtli

Dissolution rate study of prepared suspension and marketed product at salivary pH

Drug release was determined by adding suspensiah naarketed product (L-CIN suspension, Lupin Ltd.)
equivalent to 125 mg of drug in 900 ml of dissauatimedium in a USP type Lab India DS-8000 Apparasisg a
paddle at 50 rpm and temperature was 37%0.5 andl@atbpth was 25 mm. USP phosphate buffer of pH 6.8
simulating the salivary pH was used as dissoluti@mdia. The samples were withdrawn at suitable fimtervals.
After suitable dilution the filtrates were analyZzegUV Spectroscopy

Drug release kinetics

In order to understand the mechanism and kinefidsug release, the results of fimevitro drug release study were
fitted to various kinetics equations like zero ardgercentage cumulative drug release vs. timedt @rder (log
percentage cumulative drug remaining vs. time)udiig matrix (percentage cumulative drug releasesgmgare root
of time).
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RESULTSAND DISCUSSION

Selection of resin

The selection of an ion exchange resin for a paefcdrug delivery application is generally basqmbmu its

functional group characteristics. In the presentkmbe drug levofloxacin is a free base for whichveak acid

cation exchange resin is useful for taste maskingm the different variety of the cation exchangsins available
in the market, Tulsion, a reputed brand of ion exge resins of Thermax India Ltd. was used foretasasking.
Tulsion-335 grade chemically known as Polacrilesiiravhich is a weakly acidic polyacrylic copolymeas chosen
as a cation exchange resin for taste masking offll@vacin. Tulsion-335 uses the hydrogen ion agxrhange ion
which helps it in adsorbing the drug in its baserfoOn exposure of acidic pH of stomach desorptibdrug takes
place due to high affinity of the resin for the hygen ion. In acidic environment, Tulsion-335 isnionionic state
and exists as the free acid. Hence drug loading thi$ cation exchange resin is carried out atdngiH. Since the
physiochemical properties of Tulsion -335 gradeenest suited for the needs of present formuladiwth hence it
was selected as the ion exchange resin for thempregrk. The drug resin complex thus prepared opsnized

with respect to drug to polymer ratio, effect ofiglrto resin ratio on drug loading, effect of pH finug resin
complexation and mixing time on drug resin comptmxa

Selection of drug toresin ratio

Complexation of drug with Tulsion was studied f@timum drug to resin ratio for maximum loading. TWedues
for percentage drug complexed for the drug to ration of 1:1, 1:2, 1:3 and 1:4 was found to be482.74.06,
82.56 and 83.14 respectively. The values of peaggntrug bound to resin showed an increasing tvetidthe
increase in resin content which is attributed t® ithicreased interaction between the drug moleanésthe resin
particles. One way ANOVA was applied to compare éffect of different drug to resin ratios on dragding. In
case of ratios 1:1 and 1:2 drug bound was less th@8rand 1:4 as shown by the result of one way XKQvhere
thep value p< 0.05) indicated significant difference. The ratfol:3 and 1:4 did not indicate significant diffece
(p>0.05).

Differential Scanning Calorimetry Evaluation

Complex prepared using different drug to polymeiosawere also subjected to thermal characterinadiod taste
evaluation Figure 1 shows the DSC scan aifmplexes prepared with different ratios of drugdsin. From the
figure it is evident that drug has been partialynplexed in case of 1:1 ratio because their DS@patontains
feeble peak characteristics of levofloxacin. Butase of 1:2, 1:3 and 1:4 no peak related to lexaftin has been
observed which shows drug has undergone physiaaigds from crystalline to amorphous which confitm t
formation of complexes.

Taste Evaluation study

From the results of taste evaluation as shown bi€l4, it is evident that there is very little ar bitterness imparted
with 1:2, 1:3, and 1:4 drug resin complex with refece to pure drug since a person is not abledp Kee pure drug
in the mouth in 30 sec. One way ANOVA was applieddomparing the results of taste study for diffierérug to
resin ratios. Out of these three taste masking ¢4 showed better taste masking ability thahand 1:3 <
0.05 indicating significant difference). Hence tlagio of 1:4 was found to be the optimized ratial avas further
taken up form formulation of an oral suspensiothefdrug.

Characterization of drug resin complexes

FTIR Spectra and X-ray diffraction was employedstody the interaction between Levofloxacin and ibuls335.
The FTIR spectrum of physical mixture was similarsynthetic spectra produced by addition of Levadn and
Tulsion 335. This indicated that there was no axtton between Levofloxacin and Tulsion 335. Thecs@ of
complex was different from that of physical mixtumed exhibited marked variation in some bands @eoang and
intensity reduction) which can be interpreted asagnchange in hydrogen bonds of drug due to intemaavith

Tulsion 335 . Interaction between Levofloxacin dndsion 335 would be inhibitory and/or retardatémgtor in the
crystallization and cause Levofloxacin to be pri¢gatpd out in an amorphous form. Powder X-ray difion
pattern of Levofloxacin, Tulsion 335, Physical niipa of Levofloxacin and Tulsion 335 and Taste mdst@mplex
(1:4) are shown in Figure 2. The result of X-raffrdction showed that the pure drug exhibited @aliste property,
while Tulsion 335 exhibited amorphous pattern. Rtalsmixture of Levofloxacin with Tulsion 335 exliiéd

crystalline property of levofloxacin indicated thditug has not undergone any physical change whdecomplex
displayed amorphous pattern. All the peaks of llewaicin were absent in case of the complex. It edothe drug
was changed into amorphous form after the premerg@tiocess of complex.
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Drug Release Study

The dissolution rate study was designed to asshether the dissolution rate is retarded duringitit@al period in

order to suppress the bitterness. The dissolutitmstudies in phosphate buffer pH 6.8 showedrtioae than 90 %
of drug was dissolved in 5 minutes, while in theneaperiod the dissolution of levofloxacin from druogsin

complex in 1:4 ratio was below 40% (Figure 3). Oiesolution of levofloxacin is thus reduced atwaty pH from

the complex. The reduction in drug release in thigal period clearly suggests that upon developnadrtaste
masked complex into some stable dosage formulatank as rapidly disintegrating tablets or susmerssiwhere
the contact time of drug with taste buds will beywkess, this retardation of drug release will eyvsignificant.

Hence this reduction of dissolution rate of leva#loin from the complex is responsible for reductmnthe

bitterness of the drug which is further proved ly taste masking studies. However, the resin coovge found to
be released completely (97.17%) in simulated gafitid as shown in Figure 4.

Formulation and evaluation of suspension:

Oral Suspension was formulated using Tulsion T-836n and drug in optimized 1:4 ratio, other additlike
flavoring agent, sweetening agent, and xanthan gamsuspending agent as shown in Table 2. The fatedu
suspensions were evaluated for different parametsrsshown in Table 3. The sedimentation volume and
sedimentation time was found to be 0.7 to 0.82yevalf redispersibility was found to 95%. and péetisize was
found to be in range of 66.98 to 67.21um.

Table 1: Bitterness evaluation by taste panel

Volunteers Score
Type of Product I T T v TV Tvi
Pure Drug 308 4+ 4 4+ 4+ 4+ 4+
DRC1(1:1) 30s 2 2 2 2 1 1
DRC1(1:2) | 30s| 1 1 1 1] 1 1
DRC1(1:3) | 30s| O 1 0 1] 0 Q
DRC(1:4) 30s 0 0 1 0 0 0
Table 2. Formulation of taste masked suspensions
Ingredients (gms) Formulation Code
LFS1 | LFS2 | LFS3 | LFS4
Levofloxacin hemihydrate 2.5 2.5 2.5 2.5
Tulsion T335 5.0 10.0 15.0 20.0
Aspartame 0.250]  0.50(¢ 0.750 1.0p
Xanthan gum 0.500]  0.50( 0.500 0.500
Sodium benzoate 0.200 0.200 0.200  0.200
Peppermint flavor 0.025 0.05) 0.0756 0.1
Table 3. Evaluation of taste masked suspensions
Parameter s Evaluated LFS1 LFS2 LFS3 LFS4
Appearance Pale Yellow Pale Yellow Pale yellow Rakow
Taste Moderately Bitte Sweet Bitter after taste tteBiafter taste
Sedimentation Volume (After 24 hrs 0.7 0.73 0.8 820.
Redispersability (%) 92.0 95.0 94.0 95.0
Particle size range (um) 66.35 65.98 67.21 66.67
Drug content (%) 95.46 96.12 98.68 97.58
In-vitro % drug release (after 60 min|.) 95.99 97.55 97.19 97.00

et o )

Tomporature ¢
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Figure 1: DSC thermograms of (a)L evofloxacin, (b)Tulsion lon Exchangeresin 335, (c) complex of levofloxacin with Tulsion 335in (1:1),
(d) complex of levofloxacin with Tulsion 335in (1:2): (€) complex of levofloxacin with Tulsion 335in (1:3) and (f) complex of levofloxacin

with Tulsion 335in (1:4)

@ (b)
Co
== 3070 o g
o 8 EINPY
207 &
4 ’Ww
101 2
N
ST 3 7 ] )
; _JL_J‘ L/\AJ(‘L__,]J «‘;L_«_,r,u‘/m\/w\‘/v« CUSS SNEY n " Position ~ n
2 3 4 -
" Positiom n
© (d)
Co
1nnt
NR
Co
8] My
0] M
nn 6
4
i b “ 21 ”‘MMM.
] ] A A ‘ ‘
U (S V'*-'J‘vaj J‘W’*/’L\AMMJ P ! 2 Position 3
‘ 1 2 3 4
n n Position 0 n
°2Thetal

Figure2: Powder X-Ray Diffraction Pattern of (a) levofloxacin, (b) Tulsion 335, (c) physical mixture of L evofloxacin and Tulsion 335,

(d) taste masked drug resin complex (1:4)
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Figure 3: In vitro drug release from drug resin complex in phosphate buffer pH 6.8
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Figure4: In vitro drug release from drug resin complex in smulated gastric fluid
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Figure5. In vitro drug release from taste masked suspension in phosphate buffer pH 6.8
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Figure6: In vitro drug release from taste masked suspension in simulated gastric fluid
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Figure 7: Release kinetics of taste masked suspension

In vitro dissolution study

The cumulative drug release at salivary pH was 42%0 minute as shown in Figure 5. The low drugask at
salivary pH showed that the taste is effectivelyskeal in the developed formulation and drug was Haonthe
resin at salivary pH. In case of simulated gadttid more than 95% drug was released in 30 minértas the

suspension which revealed that there was no effeatlease of drug on complexation with resin istdga pH.

Hence the oral suspension provided a good tastkadgsoperties without affecting the release ofydithe results
of dissolution study were found to be comparablm&wketed formulation. The results are shown iruféd.

Release Kinetics

Thein vitro release data for levofloxacin hemihydrates suspansias analyzed by various kinetic models as shown
in Figure 7. The kinetic models used were zero wrfiest order, Higuchi and Korsemeyer-Peppas dqoaflThe
releases constant were calculated from the sloptheofespective plots. Higher correlation was okesgrin the
Koresmeyer-Peppas equation. For planery geoméewadlue of n=0.5 indicates a Fickian diffusion heetdsm, for
0.5<n<1.0, indicates anomalous (non Fickian) antl mplies Class Il transport. Both dissolution atitfusion
profile of the drug from the suspension showednfittto Koresmeyer-peppas plot and indicated Fickidfusion
mechanism for the release of the drug from theensipn.

CONCLUSION

From the in-vitro dissolution and taste evaluastudies it was concluded that effective taste nmaskias achieved
for levofloxacin using the technique of complexatigith ion exchange resin without affecting theawailability of
drug. lon Exchange resin complex can be formulagedranules, dry syrup or suspension and can be fak scale
up after carrying out requisite studies.
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