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ABSTRACT

Recent trends indicate that dosage form drug deliegystems are especially suitable for achievingtaned or
delayed release oral formulations with low riskdafse dumping, flexibility of blending to attainfdient release
patterns as well as reproducibility. One of the eggrhes toward this goal was to develop and forteuéxtended
release matrix oral tablets of itopride hydrochlbei (ITO) as a highly water soluble drug and to ewase its gastric
retention time. Matrix tablets of (ITO) were deyed using different methods such as: (wetting dgiatian, direct
compression, and coating compression), by usinfgrdift types of polymers (hydroxypropyl methylutede
(HPMC) K15M, hydroxypropy! cellulose (HPC) low wasity, Eudragit RL100, and Carnauba wax). The prepared
tablets were evaluated according to various phydiemical characteristics such as: weight and théden
variation, drug content, hardness, friability, amdvitro drug release. Tablet weight variation radyfrom 395 +
0.34 to 409 + 1.78 mg, thickness ranged from 3.163% to 3.74 mm, drug content ranged from 94.504% to
106.2 = 0.08%, friability ranged from 0.04 £0.66 0.84 +0.45, and hardness ranged from 5.25 + 028.80 +
0.4 Kg/cm. Results indicated that drug release depended upmthod of preparation and polymer type.
Furthermore, in vivo testing of the optimum sustdimelease tablet formulation (F23) using coatirgmpression
by HPMC as coat was performed in human subjectd, determined and compared to that of a commenmial
tablet (Ganatofi) as a reference formulation. The obtained the maxi plasma concentration £&) and the area
under the curve from zero to infinity (AUL..) values were higher following formulated tablet adistration than
after Ganatofi administration. The percentage relative bioavailiap of ITO from the selected formula in human
volunteers was found to be 243% compared to Gaffaton

Keywords: sustained release, wet granulation, direct comfes coating compression, gastric retention time,
Itopride Hydrochloride, bioavailability.

INTRODUCTION

Sustained release delivery systems have added tagesnover immediate release dosage forms. Thetedén
reduction of dosing frequency by administering ttreag once or twice a day (1). Since the frequenicgrag
administration is reduced, patient compliance cannbproved; gastrointestinal side effects are redu@-3). In
addition, sustained release dosage forms (SRFSedass fluctuation of plasma drug levels and Il¢adsiore
uniform drug effect and lesser total dose (4). ®@a bther hand, sustained release dosage forms dwve
disadvantages which include: dosage form increasatiy of drug release can cause dumping of drhglwin
turn leads to toxicity, reduced potential for aetardose adjustment, need for additional patienta&tibn: (as not
crush or chew the dosage unit),cost of manufactamed stability problems (5). Hydrophilic polymertrices are
widely used for formulating SRFS (6). In fact, atrixais defined as a well-mixed composite of onemmre drugs
with gelling agent i.e. hydrophilic polymers (7)uiderous oral SRFS as membrane controlled systetricegawith
water soluble/insoluble polymers or waxes, and dEngystems have been developed (8). Various deliyety
techniques have been developed to sustain theseel®adrugs, such as triple-layered tablets andotisrpumps
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with laser drilled holes. The latter technologi@e mtricate and relatively expensive to manufaetdrhus, there
remains an interest in developing other formulatitrat allow for sustained release of drugs useaglity available,
inexpensive excipients (9). There are easily agplezhniques such as: wet granulation (10), dicechpression
(11), and coating compression (12).

Prokinetic drugs acts by promoting gastric motilitgreasing gastric emptying, preventing the rédenand reflux
of gastric contents and thus providing symptomagiief (13). Itopride (ITO) is a novel prokinetigent. This drug
was first developed and marketed in Japan 1995. (T4) has anticholinesterase (AchE) activity as|ves
dopamine D2 receptor antagonistic activity and &n@ used for the symptomatic treatment of various
gastrointestinal motility disorders (15). Followingal administration, ITO is rapidly and extenswabsorbed and
peak serum concentrations are achieved within 3futes (16). ITO is metabolized in the liver via Keation to
inactive metabolites by the enzyme flavin-containmonooxygenase (FMO) (17). It is excreted mainjythe
kidneys as metabolites and unchanged drug (17G8&3troesophageal reflux disease (GERD) is one eofribst
prevalent upper gastrointestinal disorders in céihpractice. GERD is a chronic disease with retapsymptoms,
and lifelong treatment is required in 25% to 50%pafients (19). For decades, GERD has been apmdaxh a
spectrum of diseases. Removing non-erosive refligeade, erosive esophageal, and Barrett's esophaifjus
dramatically shift the focus from esophageal mukcogary to mechanisms leading to symptom generatioeach
group and foster specific therapeutic modalitiest tienefit each individual group of patients (2)e usual daily
dosage of ITO for adults is 50 mg orally in 3 deitldoses before each meal (18). ITO is a watebkolompound
hence various release rate retardant polymers uszd in earlier works to sustain the release ofdhey like
hydroxypropyl methylcellulose (HPMC K4M) and (HPMQ00M) (21). Sustained release oral dosage fornre we
designed in two ways, sustained dosage form witktlyalease and without burst release. (22).

The current study deals with screening differenthmés for preparation of ITO as sustained releasé tablet
dosage form using several polymers. The prepafgdttawere characterized according to hardnessg cloatent,
friability, and drug release and to estimate thargtacokinetics of ITO in healthy human volunte@ltofving oral
administration of the optimum tablet formulationcdomparison to commercial Ganatofs0 mg) oral tablet.

EXPERIMENTAL SECTION

Itopride HCL (ITO) was kindly supplied by Mash Piiene for Fharmaceutical Industry, Egypt. Hydroxypropyl
methylcellulose K15M (HPMC) and hydroxypropyl cétise (HPC) low viscosity EF Pharma were obtaineanfr
Colorcon, England and EPICO Pharmaceutical Compagypt respectively. Eudragit RL 100 was a kind fym
Rohm GmbH and Co. KG, Germany. Carnauba wax (CW) pvacured from Koster Keunen Inc., USA. Calcium
hydrogen orthophosphate (CaHPCQdisodium hydrogen phosphate ¢N&®Q;), potassium dihydrogen phosphate
(KH,PQ,), calcium chloride (CaG), methylene chloride, methanol, and ethanol wétained from Adwic, Egypt.
Acetonitrile (HPLC grade) was purchased from Me@zk Hohenbrunn, Germany. All other reagents andnatads
were of analytical grade.

Preparation of ITO sustained release oral tablets ypwetting granulation:

Different tablet formulations were prepared by wgeanulation technique. All the powders were padgsedugh
sieve ASTM (American Society of Testing and Mats)iesB0 mm mesh. A hundred mg of ITO and different
amounts of CaHP(as diluent) and of HPMC were mixed thoroughlyhaihe aid of a sufficient amount of
granulating agent (ethanol). After enough cohesigsenwas obtained, the mass was sieved through 234
mesh. The granules were dried at 40°C in a hobeén (Heraus, Germany) for 12 h and thereafter ke
dessicator over Cagfor 12 h at room temperature. Once dry, the gesulere evaluated for drug content in order
to calculate the practical amount of granules casged in the form of tablets. The tablets were cesged using a
single-punch tablet compression machine (Cadmabme&labad, India) in tablets using (11 mm diaméiegnvex
punches). The composition of different tablet folations prepared by wet granulation techniquested in Table

().

Preparation of ITO sustained release tablets by d&ct compression:

Tablet ingredients were passed through sieve 20 ntlesn the accurately weighed ingredients weresthiogether
in a porcelain mortar for 5 min. The blend was tkempressed using a single-punch tablet compressamhine
using (11 mm diameter, biconvex punches) as meadiam Table (1).

Preparation of ITO sustained release tablets by cdimg compression:

The inner core tablets were prepared using direstpression method. The powder mixtures of ITO aatii@Q,
(and either HPC, HPMC, Eudra§iRL100, polymers or CW, if necessary) were blenfitedlO min in a porcelain
mortar and 200 mg of the resultant powder blen@aifiPQ anddifferent polymers was compressed using a single-
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punch tablet compression machine with 9 mm diantatamvex punches. Then, the core tablets weresfreated
with 200 mg of mixed blend of CaHR@nddifferent polymers as given in table (2). A hundragd of barrier layer
material (polymers with/without diluent) as showrtable (2) was weighed and transferred into a 9dienthen the
core tablet was placed manually at the center.r&heining 1100 mg of the barrier layer material \wedded into
the die and compressed using a single-punch tedepression machine.

Table (1): Composition of different tabletformulations from F1 to F14

Ingredients per A
tablet (mg) F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12) F13 F14
HPMC 20 30 40 50 20 30 40 50 - - - -
HPC - - - - - - - - 20 40 50 - - -
EudRL100 - - - - - - - - - - - 20 40 50
ITO 100 | 100 | 100 100, 10Q 100 10p 1qO 100 140 100 100 100100
CaHPOq 280 | 270 | 260] 250 280 270 26p 290 280 260 250 280 260250
Method of Wetting granulation by Direct compression by Direct compression by Direct compression by
preparation HPMC HPMC HPC Eud!

Eud" = EudragitRL100

Table (2): Composition of different tabletformulations from F15 to F34 using coating compressn method

Formula Core (200mg) Coat (200mg)
ITO | CaHPO, | HPC | HPMC | CW? | Eud' | CaHPO, | HPC | HPMC | CW? | Eud*
F15 100 .. .. .. .. .. 200
F16 50 50 . .. .. 50 150
F17 100 . . .. .. 50 15(Q
F18 100 " .. .. . 100 100
F19 " 100 .. .. . 100 100 ..
F20 100 R . .. .. . .. 200
F21 50 .. 50 .. .. 50 .. 150
F22 100 .. . .. .. 50 .. 150
F23 | 100 T 100 - - » - 100 - 100
F24 .. .. 100 .. .. 100 .. 100 ..
F25 100 .. . .. .. . .. .. 20(
F26 50 .. . 50 .. 50 .. .. 15
F27 100 .. .. .. .. 50 .. .. 15
F28 100 .. . .. .. 100 .. .. 100
F29 .. .. .. 100 .. 100 .. . 100 ..
F30 100 .. . .. .. . .. .. .. 20!
F31 50 .. . . 50 50 .. .. . 150
F32 100 .. . .. .. 50 .. .. .. 15
F33 100 . . .. .. 100 .. .. . 100
F34 .. 100 100 .. . 100

Eud= Eudré@itRleO, C\i=Carnauba wax

Evaluation of tablet formulations:

1.Thickness:

The thickness of the tablets was determined usingcaometer (CLM1-15QM, Mitutoyo, Kawasaki, Japahhe
thickness of five tablets from each batch was eatalliand the results were expressed as averages\iaktandard
deviation (SD).

2.Weight variation:
Ten tablets of each formulation were weighed usamgelectronic balance (Digital balance, Sartoriusb@&,
Gottingen, Germany) and the average weight of taloieeach formulation = SD was calculated.

3.Drug content:

The tablet formulations were tested for their IT@tent. Six tablets of each formulation were finpbwdered and
guantities of the powder equivalent to 100 mg d® Were accurately weighed (400 mg of powder), feansd to a
100 ml volumetric flask containing 50 ml of methyéechloride and shaken with intermittent sonicafidiodel 275
T, Crest Ultrasonics Corp., Trenton, USA) to enstmenplete solubility of the drug. The solution wastably
diluted and measured spectrophotometricallj. @k 260 nm (23-24) with reference to a previously carded
calibration curve in methylene chloride[R 0.999, n=3). The excipients used in the talemfilations did not
interfere under these conditions. Each determinatias done in triplicate and the mean drug conte8D was
deduced.
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4.Hardness :
For each formulation, the hardness of six tablets \weasured using Hardness Tester (Fujiwara, Sesiksak
Corporation, Japan) and the mean hardness + Sizdfix tablets was assessed.

5.Friability:

For each formulation, the friability of six tabletss determined using a Friabilator (H. Jurgens@adGmbH and
Co., D2800, Bermen, Germany). Tablets were weigheclrately, placed in a Friabilator and after tlivemy

number of rotations (100 rotations/4 min) the loakest was removed from the tablets and the tablete

reweighed. The difference in tablet weight is thakility of the tablet which indicated the abilitf the tablets to
withstand this type of wear.

6.In vitro drug release studies:

The release of ITO from the prepared tablets wasieth out using a USP basket-type dissolution agtpar
(Apparatus 1, PharmaTest, USA) at a rotation spe#esD rpm, and a temperature of 37 + 0.5°C. Sinmtabf
gastrointestinal transit conditions was achievedising different dissolution media. Thus, drug aske studies were
initially conducted in 900 ml simulated gastricifluvithout pepsin (SGF, pH 1.2) for the first 2 & the average
gastric emptying time is about 2 h. Then, SGF (pB) Was replaced with 900 ml of enzyme-free sinadat
intestinal fluid (SIF) using phosphate buffer at pH and drug release study was continued for andtB h to
simulate the colonic conditions. Samples of 5 miemgithdrawn at the following time intervals: 0b,and 2 h in
case of SGF (pH 1.2) and at 3, 4, 5, 6, 7, 8, 911012 h at (pH 6.8), filtered through 0.4% membrane (Nunc,
New Delhi, India) and analyzed spectrophotometsicat 1.« 260 nm with reference to previously constructed
calibration curves of SGF buffer (pH 1.2)%(R 0.999, n=3) and SIF (pH 6.8) {R 0.999, n=3). The withdrawn
samples were replaced with the respective fregollison media. All dissolution runs were performedriplicate
and the average cumulative percent of drug releasditferent sampling times was calculated.

7.In-vivo study and evaluation of ITO HCL using humanvolunteers:

The evaluation of ITO HCL blood concentration feling oral administration of the optimum formulatedl tablet
(F23) in comparison to the GanatoB0 mg oral tablet (Abbott, USA) as a referencendéad was carried out in
healthy human volunteers. In addition, the pharrkimedic parameters including; the maximum plasma
concentration (G, time to maximum plasma concentration (Tmax),ahea under the curve from zero to infinity
(AUC (0- ), the mean residence time (MRT) following admirsiibn of either the optimum tablet formulation or
Ganatol 50 mg tablet were estimated. Six healthy male tadalunteers, aged between 27 and 40 years,
participated in this study. The study was approbgdthe ethical committee of Faculty of Pharmacyir&€a
University with approval number [Pl (296)]. Priar the study, the volunteers were informed withghecedure and
purpose of the study. They were also informed withdrug method of administration, sampling timterivals, and
possible drug side effects. Using a cross-overgdetiie six volunteers were divided into two grog@fsand B),
each group contained three volunteers. All the estbjwere prohibited from taking any other medisinad from
smoking for 1 week before participating in the sttitl the end of it. All subjects were requestedast for at least
10 hours before the experiment.

On the first week of study, each volunteer of gr@dpreceived one oral tablet of the optimum foratidn (F23)
containing 100 mg ITO with 200 ml of water, whilach volunteer of group (B), received two tabletsSahatofi
(50 mg) with 200 ml of water. After two weeks assiimg period, each volunteer of group (A) receitved tablets
of Ganatofi (50 mg), and each volunteers of group (B) received oral tablet of the optimum formulation
containing 100 mg ITO. No food was allowed for 4utm after tablet administratiohe volunteers were
supervised by a physician who was responsible Heir tsafety and collection of blood samples dutiing trial.
Venous blood samples (5 ml) were collected intoahigzed tubes before tablet administration théofeing time
intervals: 0.5, 1, 2, 4, 6, 8, 12, 24, and 48 leraftdministration of each treatment. The plasma edained by
centrifugation the blood samples at 2000 xg (CémtuBcientific LTD, West Sussex, UK) for 10 min.hd plasma
was frozen at -20°C and analyzed for ITO contenhilgi performance liquid chromatography method (BP(25).

Pharmacokinetic analysis:

The pharmacokinetic parameters following tablet iaistration of either the optimum tablet formulaticor
Ganatofi (50 mg) were estimated for each subject from thestucted curve of plasma concentration of ITO
versus time. (MRT) and (AUG._.,), were calculated using the trapezoidal rule mettfay each treatment and
compared.

Samples analysis:

The quantitative determination of ITO in plasma vgesformed adopting HPLC method, using a Shimad@u L
20A pump, SIL-20 A autosampler, a SPD 20A UV/VISeattor and ailBondapak C-18 column (250 mm x 4.6 mm
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ID; particle size Jum) (Waters, USA). The mobile phase consisted ofbaume of KH,PO, buffer (0.05 M, pH 4.6)
and acetonitrile (75:25 v/v). The mobile phase Viiered through a 0.4um membrane filter and was then
degassed by ultrasonication before usage. Analyassrun at a flow rate of 1 ml/min and the detetiiavelength
was set at 260 nm. Frozen serum samples were thatsdbient temperature (25°C) for at least 60 faitowed

by adding 10Qul of moxifloxacin hydrochloride as an internal stand (IS) (100ug/ml in methanol) and 4 ml of
diethyl ether to 1 ml thawed plasma sample. Theturéxwas then mixed for 2 min by using a vortex enigxXH-
2000-1, USA.) and centrifuged at 3000 rpm for 1Gfter centrifugation, the upper organic layersvezparated
and the solvent was evaporated in a vacuum ovelryteess. The residue was reconstituted in glo6f mobile
phase and 2Ql of drug solution was injected into the column.eTietention times were approximately 4.5 and 8.4
min for ITO and IS respectively as shown in theochatogram in Fig. (1).

FIG (10): Chromatogram of itopride at 4.372 and 7.3 for ITO and IS respectively.
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Validation:

The peak area ratios of ITO to that of moxifloxabiydrochloride as IS were determined. The regrassiuation
was set up by spiking drug-free plasma with varydngpunts of ITO (0.05 to 3 ug/mL) and fixed quandit IS, and
treating the plasma as described above. The peakratio of ITO to IS was obtained.

RESULTS AND DISCUSSION

Drug content and physical evaluation

The components of the tablets formulated as swstaielease dosage forms (SRFS) prepared by differen
techniques: wetting granulation, direct compressamd coating compression, and by varying the peage of
HPMC, HPC, and Eudra§itRL100, were shown in table (1). Physical paransetérthe random chosen tablets
from each batch such as weight variation, thickneasdness, friability, and drug content were as=gt&is shown in
table (3). In all tablet formulations, Thicknesstioé tablets ranged from 3.16 + 1.37 (F12) to 37432 mm (F1).
Weight variation of tablets ranged from 395 + 0(B28) to 409 + 1.78 mg (F18). drug content rangethf94.5 +
0.82 (F30) to 106.2 + 0.08% (F6). Tablet hardnasged from 5.25 + 0.25 (F1) to 8.80 + 0.4 Kg/df23), which
indicated good mechanical strength Tablet friapildnged from 0.04 + 0.69 (F6) to 0.84 + 0.45 (F¥)e tablets
friability was found to be less than 1% which irated that tablets had good mechanical resistance.

In-vitro dissolution study of tablets in pH 1.2 andpH 6.8 media:

Four batches of tablets formulated were prepareddtting granulation method using 20, 30, 40, a@#%hHPMC
and were coded F1, F2, F3, and F4 respectively.(E)g and table (4) illustrate the effect of HPMGncentration
and the method of preparation (wetting granulatigtiiized on the cumulative percentage drug reledd@O from
tablets prepared using HPMC polymer. Results shotlatl as the concentration of HPMC increased itetab
prepared using (wetting granulation) method, the od drug release decreased relatively, wherdithe required
for 50% of drug to be released¥) was found to be 0.47+ 0.03, 1.46+ 0.9, 1.574% &nd 1.75 +.014 hr for F1,
F2, F3, and F4 respectively, The mean cumulativegmgages drug released from tablets containing@040, and
50% HPMC in SGF (PH 1.2) after 2 hr were 80.80.6230, 62.25+0.21%, 59.97+0.16% and 55.21+0.23%
respectively and in SIF (PH 6.8) after 5 hr wer&.16+0.33.%, 99.36+.0.63%, 101.80+.0.12% and 108@®87.%
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respectively. Results showed that drug release favtets F1, F2, F3, and F4 was relatively fast folidwed
diffusion order of release. This could be attrilbute the method utilized in tablet preparation (imetgranulation).
Thus, wetting granulation method cannot be coneiier good method for preparation of sustained seleealivery
systems for ITO

Table (3) Physical study of different tablet formuétions

Average
= Diameter _ Average _ Average Average ) _A_verage Average
(MM)£SD Weight (mg) +SD | thickness (mm) +SD | hardness (Kg) +SD| Friability (%)+SD | Drug content (%)+SD

F1 11 402 +1.82 3.74+1.32 5.25+0.25 0.74 819 101.20 £ 0.09
F2 11 400 + 3.82 3.44 +0.95 6.00 +1.28 0.6961.2 100.4 +0.13
F3 11 398 +2.02 3.36+1.92 6.70+1.05 0.84 £0.4 103.4+0.14
F4 11 406 +0.75 3.50+1.22 7.05+0.85 0.82H1.1 102.12 £ 0.01
F5 11 405 +2.20 3.28 +1.67 6.10+0.20 0.1080.9 103.3+0.55
F6 11 402 + 2.63 3.24+2.25 7.25+1.94 0.04 £0.6 106.2 +0.08
F7 11 408 + 2.93 3.52+1.77 8.00 +0.92 0.06 1.0 100.6 + 0.02
F8 11 400+1.73 3.20+2.04 8.20+1.76 0.20%2.2 1045+0.44
F9 11 403 + 2.58 3.38+2.44 7.06 +0.37 0.11 20.9 102.2+0.21
F10 11 407 £1.15 3.64+1.13 7.70+1.61 0.22161. 100.1 + 0.6
F11 11 400 £1.23 3.30 +0.63 8.25+0.79 0.31782. 99.52 + 0.06
F12 11 401 £ 0.66 3.16 +1.37 8.20+0.31 0.39321. 105.7 £ 0.6
F13 11 405+1.19 3.54+201 8.45+0.98 0.38691. 100.2+0.1
F14 11 402 £1.05 3.32+1.38 6.00+2.34 0.8 £.06 100.4 £ 0.5
F15 11 406 +2.30 3.40+1.06 7.00+1.59 0.3981.1 945+1.01
F16 11 401 +£3.01 3.49+2.49 7.08+2.91 0.49082. 94.82 +1.31
F17 11 407 £3.42 3.58 +3.85 7.50+1.84 0.44721. 1004 +0.21
F18 11 409 +1.78 3.40+2.90 7.60+0.73 0.122+ 1, 99.6 +0.7
F19 11 401 £ 3.04 3.48 +1.67 7.92+041 0.33460. 95.1+2.01
F20 11 403 £2.35 3.38+1.84 8.50+1.55 0.10960. 95.46 +1.38
F21 11 407 £ 0.5 3.62+1.02 7.50+2.2 042 +0.98 94.88 2.1
F22 11 397+1.01 3.54+0.8 8.50+0.41 0.6521.2 96.62 £ 0,6
F23 11 401 +£0.24 3.44 +0.12 8.80+0.4 0.52+0.33 99.8 +0.55
F24 11 402 £1,22 3.38+1.32 7.00 +0.54 0.11121. 95.91+1.52
F25 11 401 +2.24 3.24+144 7.50.+2.11 0.16022 95.25+1.11
F26 11 400 £ 0.62 3.58+0.43 7.00+0.78 0.48660. 96.32 £0.12
F27 11 396 +1.44 3.48 + 0.66 6.00+1.01 0.24241. 94.42+1.24
F28 11 395+0.34 3.52+1.24 6.50 +0.98 0.34220. 98.46 + 0.34
F29 11 401 £0.72 3.38+0.44 7.00 +0.86 0.16680. 96.86 + 1.52
F30 11 400 £ 0.65 3.62+0.12 6.50+2.04 0.11321. 94.5+0.82
F31 11 408 £1.42 3.54+0.84 7.07 +£1.02 0.12480. 96.65 £ 1.22
F32 11 403 £0.94 3.36 +0.42 6.00+0.88 0.44620. 94.65+0.76
F33 11 396+ 1.22 3.42+1.58 6.50 + 0.66 0.22661 95.52 +1.02
F34 11 404 +£0.98 3.56+0.44 6.60 +1.22 0.34 + 86 99.24 £ 0.88

Four batches of tablets formulated were preparedit@ct compression method using 20, 30, 40, artd 5PMC
and were coded F5, F6, F7, and F8 respectively.ZFand table (7) illustrate the effect of HPMC centration on
the release of drug from tablets prepared by dicectpression methodHPMC was used to prepare ITO SRFS
tablets (F5, F6, F7, and F8 respectively). The gmeg tablets showed a significant decrease in delepse
compared to those prepared by wet granulation @u0S). The mean cumulative percentages drug refeaiseF5,
F6, F7, and F8 in SGF (PH 1.2) after 2 were 66.4206, 55.72+0.13 %, 39.13+0.42 % and 32.65+0.43 %
respectively while in SIF (PH 6.8) after 2 were 333130.54 % (5 hr), 98.07+£0.17% (10 hr), 99.61+0%87112 hr)
and 100.64+0.21 % (12 hr) respectively. Resultgiokd showed that as the concentration of HPMGCeaszd in
the tablets, the rate of drug release decreasatfisitly where the mearset were found to be 1.26+0.34,
1.97+0.12, 3.05+0.82, and 3.57+0.65 for F5, F6aR@d F8 respectively (p < 0.05). It could be conetlidhat the
direct compression method of tablet preparatiotHByIC was the optimum method to sustain the relead&O,
especially F7 and F8 which contained 40 and 50%iPMC. This could be attributed to the nature of HPM
polymer, which formed a thick gel layer around thblet when coming in contact with the dissolutimedia
regulating ITO release from the tablets (26).
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FIG (1) Release rate of tabletprepared using wetting granulation method by HPMC
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Three batches of tablets formulated were prepayedifect compression method using 20, 30, and 50P& tnd
were coded F9, F10, F11, respectively, and thréghba of tablets formulated were prepared by dicentpression
method using 20, 30, and 50% Eudragt 100 and were coded F12, F13, F14, respectits. 3 and 4 and
table (4) showed the effect of increasing the cotreéions of polymers HPC and Eudr&dRkL 100 and method of
preparation (direct compression) on release ratbeofirug from tablets. Results showed that asémeentrations
of both HPC and Eudra§iRL 100 increased from 20 to 50% of tablet weighg tate of drug release decreased
relatively, whereg, were found to be 0. 0.17 £ 0.76 hr, 0.94 + 1.111ht4 + 0.02 hr, 0.35 + 0,6 hr, 0.89 + 0.7 hr,
and 1.42+0.55 hr for F9, F10, F11, F12, F13, and FEkpectively. The prepared tablets showed ngrafisiant
difference decrease in drug release compared sethepared by direct compression using HPMC (p08)0The
mean cumulative percentages drug release in SGF1(PHafter 2 hr were 98.68+0.36 %, 82.72+0.95%] an
72.56£0.54 %, and in SIF (PH 6.8) were 101.7+@@841 hr), 100.14 +0.19% (2 hr), and 99.16 +0.58%(4for
F9, F10, and F11 respectively. The mean cumulgtéreentages drug release from tablets were prefgrelirect
compression method using 20, 30, and 50% EudrRit100 and were coded F12, F13, F14, respectiiel$GF
(PH 1.2) after 2 hr 86.2+0.47%, 63.12+0.44%, an58.96% and in SIF (PH 6.8) after 6 hr were 108.21%
(6), 99.77+0.65% (6 hr), and 99.2 +0.76% (6 hr)F&2, F13, and F14 respectively.

Formulations F9, F10, F11 F12, F13, and F14 faibedenerate sustained release of drug up to 12dTEO was
completely released at less than 10 hr. This cbaldttributed to the HPC and Eudr&d®i 100 polymers. From
the results obtained, it could be concluded thatrttethod of direct compression using HPC and EiidrRg 100

could not be considered the optimum method to Butta release of ITO.
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FIG (2) Release rate of tablet prepared using diraccompression method by HPMC
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FIG (3) Release rate of tablet prepared using diredcompression method byHPC
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FIG (4) Release rate of tablet prepared using direcompression method by Eudragit RL100:
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FIG (5) Release rate of tablet prepared using coatg compression method by HPC
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Five batches of coated tablets formulated were gyezbby coating compression method using HPC paland
were coded F15, F16, F17, F18, and F19 respectitay(5) and tables (4), showed effect of incnegdilPC and
diluent concentrations in core and coat on release of drug, at constant concentration of ITO amecof coated
tablet. The cumulative percentages of drug reléase F15, F16, F17, F18, and F19 respectively iFBH 1.2)
after 2 were (pH 1.2) were 41.21+0.51%, 39.84+0.998631+0.38%, 66.03+0.61%, and26.85+0.29%, and i Sl
(PH 6.8) after 10 hr were 91.5+0.55%, 94.11+0.139%, 45+0.44%, 98.06+1.4%, and 94.35+0.66% respalyti
and ¢, were 3.18+0.35 hr, 3.73+0.42 hr, 2.7+0.81 hr, ggdas 1.55+0.14 hr, and was 3.73+0.23 hr respectively
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for F15, F16, F17, F18 and F19 respectively. Reghkit showed complete drug release occurred dafding and
this could be attributed to the hydrophilic nataféeHPC as polymer (27).

Five batches of coated tablets formulated weregyezbby coating compression method using HPMC petywere
coded F20, F21, F22, F33, and F24 respectively(Bjigables (4), showed the effect of the preseriddPMC in
different concentrations as a diluent in the care the coat. The cumulative percentages of druepsel from F20,
F21, F22, F33, and F24 in SGF (PH 1.2) after 2 wipie¢ 1.2) were 7.84+0.11%, 11.61+0.43%, 28.93+0.34
18.92+0.23%, and 3.63+0.51% and in SIF (PH 6.8)ew®® hr (49+0.87%), (50.92+0.54%), (85.17+0.22%),
(97.15+0.49%), and (51.94+0.33%) agglwwere 13.38+0.35 hr, 12,05+0.86 hr, 4.84+0.69 80%0.14 hr, 12.02+
0.22hr. for F20, F21, F22, F23, and F24 respegtivBesults showed that complete drug release fraintett
formulations F20, F21, F22, F23, and F24 occurnatihd 12 hr, this could be attributed to properté$iPMC as
polymer witch have properties hydrophilic and ustogiting compression method (28).

FIG (6) Release rate of tablet prepared using coatg compression method by HPMC
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Five batches of coated tablets formulated were gyegbby coating compression method using carnasbaand
were coded F25, F26, F27, F28, and F29 respectitdy(7) table (4) showed effect of increasingneaba wax
and diluent concentrations in core and coat, astemm concentration of drug in core. The cumulagigecentages of
drug release from F25, F26, F27, F28, and F29 ir §3 1.2) after 2 hr were 20.17 +£0.9%, 2.47+ 0.32982+
0.62%, 28.59+ 0.8%, and 21.33+ 0.95% respectivaty ia SIF (PH 6.8) after 10 hr were 83.96+0.76 %.,69+
0.52%,35.61+0.49 %, 96.09+ 0.43%, and 79.3+0.31% respagtiand &, were 6.14+0.71 hr, , 47.72+0.34 hr,
31.38+0.18 hr, 6.209+0.38 hr, and 5.96+0.27 hr eetpely for F25, F26, F27, F28, and F29 respebtivEhus
showed the slower drug release than targeted drlegge at all the time points and the drug wascaotpletely
released from the tablets through 12 hr. This @aatlyibuted to hydrophobic properties of carnawba (29).

Five batches of coated tablets formulated were gyebby coating compression method using Eudt#it 100
and were coded F30, F31, F32, F33, and F34 resphgtFig (8) table (4) showed effect of increastgdragif

RL 100 and diluent concentrations in core and @iatonstant concentration of ITO in core. The cativg
percentages drug release from F30, F31, F32, F&BFa4 in SGF (PH 1.2) after 2 hr were 16.67 +0/&45.37+
0.69 %, 32.22+ 0.77%, 8.85+ 0.25%, and 2.76+ 0.9@%@ in SIF (PH 6.8) after 10 hr were 85.22+ 0.13%
36.87+32 %, 74.57+0.88 %, 51.6+0.61 %, and 45.9:004 respectively, angptwere 3.96+0.19 hr, 15.24+0.37 hr,
4.99+0.74 hr, 9.97+0.45 hr, and 16.67+0.81 hr retpaly, for F30, F31, F32, F33, and F34 respetyivd hus
showed the slower drug release than targeted drlegge at all the time points and the drug wascaoipletely
released from the tablets during 12 h. This cowdatiributed to the hydrophilic properties of EgifaRL 100
(30).
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FIG (7) Release rate of tablet prepared using diraccompression method by carnauba wax
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FIG (8) Release rate of tablet prepared using coatgj compression method by Eudragft RL100
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Fig (9) illustrates the release profile of Ganétdrablet (50 mg) used reference as market; at pHaad®pH 6.8
through 120 minutes. Results showed that there werdifferece between release of drug in pH 1.2 ian€.8
buffers. From this result it could be conduced tla¢ure of medium used in dissolution study has fifecieon

release of the drug from the Gandtdrablets.
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FIG (9) Release rate of Ganatofi50mg tablet (reference standard) at pH 1.2 and pi8.8
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Summary of the drug release parameters (Table vBahked that the value of the kinetic constant, Hoved a
declining trend with an increase in the level afte@olymer and its ratio to ITO, construing an &upable change
in the release rate with a change in the polymerpasition and its ratio. The values gfgwere found to vary from
0.16 to 47 hr from varies all formulation. Nearly % of the drug remained captive in the hydrophitiatrix for up
to 47 hours in case of (F26) with HPMC polymer, ethimay lead to appreciable diminution in the exte#ndrug
absorption. Table (7) reveals that the overall cditgrug release tended to decrease with an ineri@asoncentration
of polymer and its ratio (31)

From results obtained from different characterigdists performed in the study, it was found thatfrmula, F23
witch was prepared by HPMC using coating compresgchnique, was considered the optimum formuladisrit
was capable of forming a gel structure, when coniingontact with dissolution medium and in termsfridbility
(0.52 + 0.33%), drug content (99.8 + 0.55%) andihass (8.80 = 0.4 kg). In addition, through thesalistion and
kinetic study, F23 was the most appropriate in g ITO release from tablets as the cumulatpercentage
released was 97.15% of the drug during from 0.5Xhtours, as thegtwas (5.303 h), K=(8.061 1y, = 0.99076
and the release of ITO from it followed zero orkigetics.

The same reason was at F15, 16, 71, 18, and 1fdueperties of HPC hydrophilic. While in F12, 113} the fast
release due to the high solubility properties afgdand, the reason is at F25, 26, 27, 28, and 2i@tease of the
release rate due to properties of carnauba waxiwihas hydrophobic, as the same at reason is3&t B1, 32, 33,
and 34 to decease of the release rate due to pirspef Eudragit RL 100 witch it as hydrophobic. The influence of
polymer levels seems to be vital in regulating dineg release. Drug release rate of all the formaratportray an
initial burst release of the drug, characterisfimost hydrophilic matrices (32).

In-vivo study and evaluation of ITO using human volinteers:

Pharmacokinetic study:

A good linear relationship @R 0.98) was observed. However, the inter day atrd ihay variation was found to be
less than 2.8% (coefficient of variation) indicatihigh precision of the HPLC method. There wasgh mecovery
(97.8 to 99.5%) of ITO indicating that the HPLC hed was highly accurate.
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The mean plasma level profile of ITO obtained failag the application of sustained release tabl28)Fontaining
100 mg drug and from orally administered two conuizrtablets of GanatSh(50 mg) (Abbott, USA) to healthy
human volunteers was compared in Figure (11).

Table (4): Drug release parameters of various formiations

2

Formula r Release .

Zero First | Diffusion order r K(hr =) | tso (hr)
F1 0.8380 0.7553 0.9256 Diffusion 0.9621 48.9112 4783
F2 0.9014 0.8277 0.9611 Diffusion 0.98035 38.6D6 4642
F3 0.93034| 0.7889 0.9828¢ Diffusign  0.991397 36.7031.574
F4 0.93334| 0.8108 0.98621p2 Diffusign  0.993082 34.821.7591
F5 0.9247 0.8454 0.9865 Diffusion 0.98849 41.9075.2609
F6 0.8934 0.6857 0.9664 Diffusion 0.98304 31.986 978.
F7 0.9747 0.805 0.99565 Diffusion 0.9978 25.35 3605
F8 0.9868 0.8727 0.977864 Zero 0.993¢ 26.p 3.5[76
F9 0.8794 0.8492 0.9413 Diffusion 0.97018 75.85 687D
F10 0.8973 0.8294 0.95933 Diffusign 0.979p 49.963 .9388
F11 0.8511 0.7581 0.9388 Diffusign 0.968P 44.9p5 1386
F12 0.9527 0.869 0.9751 Diffusion 0.9875H 66.825 5233
F13 0.9527 0.8544 0.9919 Diffusign 0.9959 52.511 8807
F14 0.9538 0.8478 0.9925 Diffusian 0.9968 43.984 419.
F15 0.9757 0.8924 0.9892 Diffusian 0.9946 28.2814.1833
F16 0.9485 0.7545 0.9889 Diffusign 0.9948 27.5p9 738.
F17 0.9871 0.7841 0.9937| Diffusian 0.9988 17.0¢5 70Q7
F18 0.9003 0.7463 0.9682 Diffusign 0.983D 30.4163 .549
F19 0.9871 0.7468 0.9929 Diffusian 0.9964 12.6P5 7382
F20 0.9934 0.9071 0.9538 Zero 0.9968 4.603 13.8382
F21 0.9943 0.9344 0.9604 Zero 0.997R 8.566 12.056
F22 0.9239 0.7071 0.9891 Diffusian 0.99003 12.589 .8394
F23 0.99076| 0.7821 0.9827 Zero 0.9954 8.061 5.303
F24 0.9702 0.8257 0.8992 Zero 0.98497 1.5801 12.002
F25 0.9738 0.7484 0.9945 Diffusign 0.9978 7.534 48.1
F26 0.99178| 0.9187 0.9862 Zero 0.9959 1.574 47.718
F27 0.9826 0.9173 0.9651 Zero 0.9913 1.298 31.881
F28 0.9657 0.899 0.9875 Diffusion 0.994p 16.59 8720
F29 0.94745| 0.603] 0.9777 Diffusign 0.988B 2,604 9566
F30 0.96384| 0.746 0.9454 Zero 0.9818 5.534 3.9642
F31 0.95896| 0.8901 0.8882 Zero 0.9793 3.622 15.243
F32 0.9529 0.7757 0.9885 Diffusian 0.99423 19.289 .99411
F33 0.9912 0.7959 0.9625 Zero 0.9956 3.826 9.974
F34 0.9797 0.922 0.9106 Zero 0.989p 2.479 16.67

A summary of the pharmacokinetic parameters derfuah the study data was listed in Table (5). Reifg oral
administration of the reference product, thg,Qvas (1518.4 = 307.7) achieved after 2.0 hr of di@ading. After
oral administration of (F23), fax was (2553.3 + 630.4) achieved 6.0 h after dosiig formula F23 spent longer
times to reach the maximum drug concentration ensyistemic circulation as,,Iywas (6 hr). The mean value of
Cmax AUCy.pand AUG.,, were significantly higher (p < 0.05) for drug adistered from oral (F23) than reference
oral tablet (Ganatd?) demonstrating improved bioavailability of ITO frotested formulation as show in table (5)
and the mean value of MRT.(p > 0.05) The F23 shoretative bioavailability of 243% with respect ta@atoff
tablets. The enhancement of the relative bioaviitlabf ITO from oral route is a direct result dfe elimination of
the hepatic first pass metabolism on oral delivafryhe ITO. Moreover, through the study in-vivo foemed on
human volunteers formula (23) showed significaisults, as it gave the sustainability of the longefsthe tablet
trade and stimulate the clinical use and applicable

Table (5): Pharmacokinetic parameters of ITO in heéthy human volunteers after oral administration of
selected formula tablet (F23) and Ganatohtablets

Pharmacokinetic parameters | Ganatofi (Reference)| F23 (SRF) Tablet
T max (hr) 2+0.01 6+0.04

Crmax (Ng/mL) 1518.4 + 307.7 2553.3 + 630.4
MRT (hr) 8.76 + 0.56 48.60 +42.4
AUCq.4 (ng h/mL) 9351.0 +454.6 22755.8 + 6977.9
AUC,., (ng h/mL) 9475.7 + 453.5 40926.9 + 32432(0
Relative Bioavailability (%) | = ---m--m-mm-m--- 243%
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FIG (11) In-vivo study (Pharmacokinetic parameters)of ITO after oral administration of selected formula
tablet (F23), and Ganatoff:
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CONCLUSION

New ITO sustained release tablet formulation corrtgi 100 mg ITO prepared with satisfactory physieical
characterizations using coating compression tecienidhe release patterns can be controlled ancisedt by
changing the polymer type and concentration. Tleavailability of optimum formulation administered healthy
volunteers via oral route was significantly highlkean commercial GanatBrtablet (p < 0.5). The present study
indicates a good potential of the prepared sudlaiakease tablet containing ITO for systemic deliveith added
advantages of prolonging drug action and increapatgent compliance. This study confirmed the ptgof the
above sustained release oral dosage forms as asprgroandidate for sustained release deliveryT@f.1
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