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Abstract: Clarithromycin, an antibacterial agent, is extrgmdditter in taste. The present research
communication deals with development of taste mésk&sinate of clarithromycin using Tulsion-335,aidic
cation ion exchange resin. The drug resin compleva® prepared by batch process by taking drugdomr
ratios of 1:1, 1:2, 1:3 and 1:4. The drug resin glaxation procedure was optimized with respectaiameters
like selection of suitable resin, mixing time, drta resin ratio, effect of pH on drug loading ardté of
complex. The drug resinate were evaluated for tiig dontent, taste, drug release and moleculareptiep.
The resinate formation was confirmed using ther&ples of Fourier transform infrared spectroscdpyiR),
differential scanning calorimetry (DSC) and X-raiffrdction (XRD). There is very little or no bitteess
imparted with drug resin complexes with referenegtire drug. Dissolution rate studies of the tastesked
drug resin complexes were carried out in Phospbatier pH 6.8 (Salivary pH). Dissolution rate sesliin
phosphate buffer pH 6.8 showed that more than & $ure drug was dissolved in 10 minutes, whil¢hie
same period the dissolution of clarithromycin fralrug resin complex in 1:3 ratio was below 50%. The
dissolution of clarithromycin is thus reduced divsay pH from the resinate. This reduction of disgion rate

of clarithromycin from the resinate is responsitdereduction of the bitterness of drug. These ifigdcan be
utilized to formulate a non bitter dosage formdtarithromycin without affecting the rate of disgtbn.
Keywords: Clarithromycin, Acidic Cation Exchange Resin, tBaMasking, DSC, FTIR, X-ray Diffraction,
Tulsion-335 (Polacrilex resin).

Introduction and Experimental

The macrolide antibiotic, clarithromycin is extrdgnéitter in taste and effective in the treatmehtvarious
infections in children and elderly patients, whimften experience difficulty in swallowing solid drdosages
forms. For these patients the drugs are mostlyigeavin liquid dosage forms or in the form of chéveatablet
or fast dispersible tablet. These dosage formsllysiead to perceptible exposure of active drugréttient to
the taste buds. Taste masking is an importantfacthese dosage forms for greater patient compéia
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Numerous techniques have been described in acadeipatent literature for masking of bitter or esidable
taste of drugs like addition of flavors, sweeteaied amino acids, microencapsulation, inclusion dergtion
with cyclodextrin, complexation with ion exchangesin, salt preparation, group alteration and prgdru
approacfi®. The high bitterness intensity of clarithromycasHed to development of various approaches for its
taste masking in pharmaceutical formulatichsAlthough there are several methods reported Her taste
masking of clarithromycin butomplexation with ion exchane resin technique was chosen for the present work
as the bitter tasting drugs can be easily attathdtle oppositely charged resin substrate, fornmsgluble
adsorbates or resinates through weak ionic bortliBince while passing through the mouth the drugaias

in complex form, no or very little taste is impatteThis suitably masks the unpleasant taste of surug
Immediately after ingestion, ions in the body (espiéy in the lower pH of the stomach) cause ragligtion
from or disintegration of ion exchange resin drogplex and dissolve the drug in the gastric confEmé free
drug is now bioavailable, which can be easily absdrfrom the GIT. The ion echange resin is elingdatr
biodegraded from or at the site of delivery.

Complexation with ion exchange resin is a simpificient and proven technique for taste masking oumber
of bitter tasting drugs™® Thus the objective of the present study wasitizeithis technique to mask the bitter
taste of clarithromycin, using Tulsion-335 whiclaisveak acid cation exchange resin.

Experimental Materials

Clarithromycin was received as gift sample from Baty PDR, Gurgaon, India. Acidic cation exchanganre
Tulsion-335 was a kind gift from Thermax Limitedh&nical Division, Pune, India. All other chemicalere
of analytical reagent grade and used as received.

Purification of resin

Tulsion 335 was purified by washing with distilledater. The wet resin was activated by 0.1M HCI 300m
followed by washing with distilled water. The resims then dried in vacuum oven at’®Qill the moisture
content came below 5% which was checked by Kahédfisitrator. The purified resin was stored in artight
glass vial.

Preparation of drugresin complex

Clarithromycin was mixed with Tulsion-335 in theudr resin ratio of 1:1, 1:2, 1:3 and 1:4. Two huwtdml of
distilled water was added to the mixtures and eslirfor 5 hours with magnetic stirrer to allow coetpl
complexation of drug with resin. The drug resin ptew so obtained was filtered by vacuum filtratenmd the
residue was washed with distilled water. The pregaesinate was dried in vacuum oven at 60°C hil t
moisture content was below 5%.

Drug Content and per centage bound drug

An accurately weighted amount of drug resin compies transferred to a 100 ml volumetric flask taalih
2ml of 5 N HCI was added and finally the volume waade with distilled water. The volumetric flasksva
stirred in a sonicator for 30 minutes and was legide for 2 hrs with intermittent shaking. The shnpvere
diluted suitably, filtered and absorbance was messat 270.4 nm. Percentage drug bound, definadtals
amount of drug in complex form divided by initiakight of drug added to resin slurry, was then dated
from % assay and total amount of complex obtained.

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 shalk#low maximum possible loading. The sample was
then evaluated for drug loading after each timerirgl.

Effect of pH: Buffer solutions of different pH ranging from 4%avere prepared as per USP specifications. The
drug resin mixing was carried out at different pHstudy the effect of pH on drug loading.
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Differential Scanning Calorimetry (DSC) characterization of samples

The thermal behavior of each drug resin complex e¥asnined by differential scanning calorimeter (D@00
V9.0, Build 275 model, Water Ltd.). Sample 3-4 mgswun at a scanning rate of 10°C/min over a teatpey
range of 45 to 250°C in a nitrogen environment.

Fourier transform Infrared Spectral (FTIR) study

Drug resin complex was crushed to make KBr Pell@ets%, w/w) and then their IR (IR 200 Spectrometer,
Thermo Electron Corporation) spectra were recomlen the region 400—4000 cm-1

X-ray Diffraction(XRD) characterization of samples

An X-ray diffractometer (Xpert Pro’'s Pan Analytidaktrument, Model Philips PW 3040/60) was emploted
study the crystalline form of the drug in the coexplThe X-ray copper target tubeg £=1.5465980 A°) was
operated at Crystal monochromator voltage of 45m¥ @urrent 30 mA. The scanning was carried out @ver
range of 8° to 60.

In-Vitro Dissolution Rate Studies

Dissolution studies of complexes were performeaating to USP XXIII Apparatus Il in Phosphate BurffdH

6.8 (simulating salivary pH) by adding complex eglent to 125 mg of clarithromycin in 900 ml of stidution
media. The temperature was maintained at 37+0.5Ctle rotation speed was 50 rpm. The samples were
withdrawn at various time intervals and analyzedB®LC. The test was carried out in triplicate.

Taste evaluation study

The bitterness evaluation test was performed willmdn volunteers according to a previously described
method®. Test was carried out on a trained taste panél lmiman volunteers (3 males and 3 females, with a
mean age of 25 years), from whom informed consext first obtained. The volunteers rinsed their msut
thoroughly before and after the tasting. Each samyas held in the volunteers’ mouths for 30s arehth
expectorated, and the taste was evaluated anchadsegnumerical value according to the followinglecO-
Tasteless, 1- Slight bitter, 2- Moderate bitter,SBrong bitter. The lower score indicated a greatasking
effect.

Result and Discussion
Selection of resin

The selection of an ion exchange resin for a paeticdrug delivery application is generally basgubru its
functional group characteristics. In the presentkwtbe drug clarithromycin is a free base for whichveak
acid cation exchange resin is useful for taste mgslkrom the different variety of the cation excba resins
available in the market, Tulsion, a reputed brahidmw exchage resins of Thermax India Ltd. was Usedaste
masking. Tulsion-335 grade chemically known as €td&x resin uses the hydrogen ion as an exchamge i
which helps it in adsorbing the drug in its basenfoOn exposure of acidic pH of stomach desorptibdrug
takes place due to high affinity of the resin fbe thydrogen ion. In acidic environment, Tulsion-385n
nonionic state and exists as the free acid. Henog ldading onto this cation exchange resin isiedrout at
higher pH. Since the physiochemical properties wtibn -335 grade were best suited for the neegsesent
formulation and hence it was selected as the i@hamge resin for the present work. The drug resinpiex
thus prepared was optimized with respect to drygptgmer ratio, effect of drug to resin ratio omgrdoading,
effect of pH for drug resin complexation and mixinge on drug resin complexation.

Selection of drugto resin ratio

As presented in (Table 1) the complexation of dmittp Tulsion gave efficient binding. Complexatiohdrug
with Tulsion was studied for optimum drug to regitio for maximum loading. The values of percentdgey
bound to resin showed an increasing trend withirtbeease in resin content which is attributed ®iticreased
interaction between the drug molecules and the nesiticles. One way ANOVA was applied to compée t
effect of different drug to resin ratios on drugding. In case of ratios 1:1 and 1:2 drug bound less than,
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1:3 and 1:4 as shown by the result of one way ANOMAere thep value p< 0.05) indicated significant
difference. The ratio of 1:3 and 1:4 did not indécaignificant differencep&0.05). Hence the ratio of 1:3 was
selected as the optimum ratio because increasengelin amount for an insignificant increase ingdiaading
is not an economically viable approach.

Table 1: Drug loading in different drugtoresin ratios

Resintodrugratio Per cent drug bound?®
DRC1(1:1) 83.75 £0.49
DRC2(1:2) 90.47+1.42
DRC3(1:3) 92.52 +0.78
DRC(1:4) 92.88+0.54

#MeanzSD for n=3

Differential Scanning Calorimetry Evaluation

Complex prepared using different drug to polymdiogawere also subjected to thermal characteriaadiad
taste evaluation(Figure 1) shows the DSC scanaaimplexes prepared with different ratios of drugésin.
From the figure it is evident that drug has beertigdly complexed in case of 1:1 ratio becausertiEsC
pattern contains feeble peak characteristics oitictamycin. But in case of 1:2, 1:3 and 1:4 nolpeslated to
clarithromycin has been observed which shows drag tindergone physical changes from crystalline to
amorphous which confirm the formation of complexes.

Taste Evaluation study

From the results of Taste evaluation as shown abl@ 3 it is evident that there is very little or no bithess
imparted with 1:2, 1:3, and 1:4 drug resin compiéth reference to pure drug since a person is blet @ keep
the pure drug in the mouth in 30 sec. One way ANGN&S applied for comparing the results of tastdystar
different drug to resin ratios. Out of these thieste masking complex 1:3 showed better taste mgsiiility
than 1:2fp< 0.05 indicating significant difference) and isyquarable with 1:44> 0.05 indicating insignificant
difference). Hence the ratio of 1:3 was found taHzeoptimized ratio.

Effect of mixing time on drug resin complexation

As shown in (Figure 2) the maximum drug has beenptexed in 4 hr. and there was no further incréase
complexation of drug. Thus 4 hr to 5 hr of totakimg time could be considered as sufficient for maxm
complexation.

Effect of pH for drug resin complex formation

The effect of pH on drug loading is shown in FigBreAt acidic pH the Tulsion -335 is available asanized
free acid which results in decreased drug loaditsgthe pH increases above 4, an increase in diagjrig is
observed. This is attributed to the liberation pilfogen ions by the resin’s carboxyl group. Thesdi to the
protonation of the clarithromycin which binds tettesin’s anionic carboxylic group by an ionic baadorm a
complex. The maximum loading efficiency was obsdre¢ pH 6.8 as both the drug and resin are ionized
sufficiently. At more alkaline pH a decrease indivgy efficiency was observed which could be dupregsence

of unionized drug at alkaline pH.
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Figure 1: DSC thermograms of (a)Clarithromycin, (b)Tulsiton Exchange resin 335, (c) complex of
clarithromycin with Tulsion 335 in (1:1), (d) conax of clarithromycin with Tulsion 335 in (1:2): (epmplex
of clarithromycin with Tulsion 335 in (1:3) and @pmplex of clarithromycin with Tulsion 335 in ():4

Table 2: Bitter ness evaluation by taste panel

Type of Product Volunteers Score
I nmm v Vv Vv
Pure Drug 30s 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 0
DRC(1:4) 30s O 0 1 0 0 0
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Figure 2: Effect of mixing time on complexation
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Figure 3: Effect of pH on drug loading

Molecular properties of drug resin complexes

FTIR Spectra and X-ray diffraction was employedtiady the interaction between Clarithromycin andsibm
335. The FTIR spectrum of physical mixture was Eimio synthetic spectra produced by addition of
Clarithromycin and Tulsion 335 (Figure 4). Thisirated that there was no interaction between @lanmycin
and Tulsion 335. The spectra of complex was diffefeom that of physical mixture and exhibited medtk
variation in some bands (broadening and intensitiuction) which can be interpreted assuming chamge
hydrogen bonds of drug due to interaction with us335 . Interaction between Clarithromycin andsian
335 would be inhibitory and/or retardatory factor the crystallization and cause Clarithromycin ® b
precipitated out in an amorphous form. Powder X-diffraction pattern of Clarithromycin, Tulsion 335
Physical mixture of Clarithromycin and Tulsion 386d Taste masked complex (1:3) are shown in Figure
The result of X-ray diffraction showed that the @uwrug exhibited crystalline property, while Tulsi835
exhibited amorphous pattern. Physical mixture orithiromycin with Tulsion 335 exhibited crystalline
property of clarithromycin indicated that drug hast undergone any physical change while the complex
displayed amorphous pattern. All the peaks of ttlesmycin were absent in case of the complex.dved the
drug was changed into amorphous form after thegoedion process of complex.
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Figure4: FTIR spectra of (a) Clarithromycin ,(b) Tulsio853 (c) Physical Mixture of Clarithromycin and
Tulsion 335, (d) FTIR Spectra of taste masked desgn complex (1:3)
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Figure5: Powder X-Ray Diffraction Pattern of (a) clarithmycin, (b) Tulsion 335, (c) physical mixture of
Clarithromycin and Tulsion 335, (d) taste maskaaydesin complex (1:3)
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Drug Release Study

The dissolution rate study was designed to asséssher the dissolution rate is retarded during itiial
period in order to suppress the bitterness. Theollison rate studies in phosphate buffer pH 6 @n&d that
approximately 75 % of drug was dissolved in 5 masutwhile in the same period the dissolution of
clarithromycin from drug resin complex in 1:3 ratwas below 50% (Figure 6). The dissolution of
clarithromycin is thus reduced at salivary pH frdme complex. The reduction in drug release in tiital
period clearly suggests that upon developmentsiétmasked complex into some stable dosage foriwnsgat
such as rapidly disintegrating tablets or susp@ssiowhere the contact time of drug with taste bhwidibe very
less, this retardation of drug release will be veignificant. Hence this reduction of dissoluticater of
clarithromycin from the complex is responsible feduction of the bitterness of the drug which igHer
proved by the taste masking studies.
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Figure 6: Dissolution profiles of pure drug and drug resomplex (1:3)

Conclusion:

From the in-vitro dissolution and taste evaluatgindies it was concluded that effective taste nmaskvas
achieved for clarithromycin using the techniqueafplexation with ion exchange resin without affegtthe
bioavailability of drug. lon Exchange resin comptan be formulated as granules, dry syrup or sisspemand
can be taken for scale up after carrying out réguitudies.
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