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ABSTRACT

Ziprasidone hydrochloride is a psychotropic ageho. reduce the frequency of administration and terowe
patient compliance, a sustained-release formulatiérZiprasidone hydrochloride is desirable. The aifnthe
present work is to develop a hydrodynamically beé&hdrug delivery system based on the platformirefct
compression. The system shall be designed to eekgdeast 65% of the drug over a period of 8 hamd not less
than 80% release in 12 hours. Sodium bicarbonates waorporated as a gas-generating agent along with
independent variables of natural resin olibanumgraoxy propyl methyl cellulose (HPMC) grade K4M dnairoxy
propyl methyl cellulose (HPMC) grade K100M at 25%%%, 45% and 60%, to achieve sustained releaseteffhe
drug-excipient compatibility was studied with theof Infrared-red spectroscopy. Dissolution sasdusing the
USP basket method were performed at 3740.5 °C INOHCI and 2% SLS. Fourier transformer infrared
spectroscopy (FTIR) was performed for the physieotbal interaction between drug and carrier, heitseeffect
on dissolution. It was observed that formulatiomtaining 60% hydroxy propyl methyl cellulose (HPM§ade
K4M (F4) shows optimum sustained drug release patt@th adequate floating. Thus this technique dan
successfully used for improvement of dissolutiaripraisidone hydrocholoride.

Keywords: Ziprasidone hydrochloride, Olibanum resin, HPMC K4MPMC K2100M, Direct compression
technique.

INTRODUCTION

It is evident from the recent scientific and patikterature, that there is an increased intemestavel dosage forms
that are retained for a prolonged and predictabtéog of time. Poor absorption of many drugs inltheer Gl tract
makes it necessary for controlled release dosagesfao be maintained in the upper GIT, particuldarythe
stomach and upper small intestine.

One of the approaches for achieving a prolongedpaedictable drug delivery in the Gl tract is towtol the gastric
residence time (GRT). Dosage forms with prolongestric residence and controlled drug delivery aléed gastro
retentive drug delivery systems (GRDDS), theseatse known as gastro retentive dosage form (GRDGERDS).
GRDFs extend significantly the period of time owérich the drugs may be releasBue various pharmaceutical
approaches for gastro retention are classifiedbbewfs: Mucoadhesive systems, Modified shape systekitered
density systems. Mucoadhesives enhances the sffafadrug delivery, through an intimate and proledgontact
between the drug delivery device and the site cfogition. The dosage forms are coated with bioadbes
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polymers, so that it adheres to gastric mucosas thsults in increased gastric retention time efdbsage form.
Although this concept gains increasing interestliternative routes of administration, only few aggrhes for
prolonged gastric residence have been reportedfMddihaped systems/ unfolding system consist ofpressed
dosage forms, packed into capsules that expandlyagfter dissolution of the capsule. Drugs arediferent

geometric shapes, such as ring, cloverleaf, tetirame disc, sphere, pellet etc. The structures gdigeexpand from
1.6cm to 5.0cm. These systems unfold to a large @iat prevents the passage of the dosage formghrthe
pyloric sphincter. Drawback in this is that, theparded material may reside in the stomach for g |weriod of
time. Altered density systems owing to the diffaenin densities between the dosage form and tsieigéuid,

there is a resulting force on the dosage form whietintains it away from the pyloric opening. Whae buoyant
force exerted by the gastric fluid is more thanwgght of the dosage form, it results in flotatitithe force is less
than the weight of the dosage form, it resultsubmsersion. Altered density systems are generallyvoftypes: 1.
High density or non-floating drug delivery syster@s,Low density or floating drug delivery systentDDS).1.

High density or non-floating drug delivery systemeseetained in the bottom of the stomach. Theythe& weight

as a retention mechanism. When the density of tisagk form is more than that of gastric juiceinks to bottom
of the stomach, below the pylorus. 2. Low densitflaating drug delivery systems (FDDS)

The density of these systems is less than thaasiirig fluid, and remains buoyant in the stomadeyTare also
known as hydrodynamically balanced systems (HB®gtihg requires fed state of the stomach, so asdease
the gastric emptying time. If the difference in paocy force when the dosage form is entirely sulgettrand the
weight of the dosage form is positive, it resultsfloating of the dosage form. Major requiremerds FDDS

formulations are, they must form a cohesive gefibarspecific gravity must be less than that oftga contents,
should release contents slowly, such that it sea@s reservoir.They are generally classified im0 main

categories, effervescent or gas generating system&ffervescent systems. [1-3]

Direct compression tablets are compressed dirdoti;m powder blend of the active ingredients ancdtadlée

excipients. No pretreatment of the powder blendswst or dry granulation procedure is necessaryedir
compression vehicles or carriers must possess fimedand compressible characteristics. The advante#gdirect

compression was made possible by the commercidliabildy of direct compression tablet vehicles thppssess
both fluidity and compressibility. Direct compressi for tablets containing 25% or less of drug samses
frequently can be used by formulating with a suéabluent that acts as a carrier or vehicle ferdihug.[4-7]

The aim of the present study was to develop flgatablets of Ziprasidone HCI by direct compressioethod.
Ziprasidone HCI whose physicochemical propertied short life makes it suitable candidate for flogtidrug
delivery system and to achieve efficacious bloagle over long periods of time.

MATERIALS AND METHODS

Materials

Ziprasidone HCI was obtained from Aurobindo Phatith as a gift sample. HPMC K4M and HPMC K100M were
obtained from Dow chemicals, Chennai. Olibanumrregas obtained from Kanta chemicals pvt. Ltd., Detl
other chemicals used were of analytical grade.

Method
Calibration curves of Ziprasidone HCl were detemdinin 0.1 N HCl at 318 nm, using a UV-Visible
spectrophotometer (Shimadzu, Japan). The calibratiove in 0.1 N HCI was used for dissolution sésdi

Preparation of floating blend
The floating blend was prepared by taking Hydroxypyl methyl cellulose (HPMC) grade 100M, Microdiaiine
cellulose (MCC), Sodium bicarbonate (NaHg@nd Citric acid in a polythene bag and mix it.

Preparation of ziprasidone hydrochloride floating &blets

Ziprasidone hydrochloride tablets were preparedm@iog to the composition of optimized batcl{@&able 1,2,3)
Ziprasidone HCI tablets (500 mg) were preparedhgydirect compression method. Initially, all ingesds were
sieved through sieve no. 80, weighed and mixedl@min. The drug was mixed with olibanum resin, kg
propyl methyl cellulose (HPMC) K4M, Hydroxy propmgiethyl cellulose (HPMC) K100M, Floating blend. Higa
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Magnesium sterate and aerosol was added as adobaad glidant, mixed for additional 2—3 min. Teblwere
compressed on a tableting machine fitted with a Qrimoular shaped standard concave punch.

Table 1: composition for the preparation of floatirg blend
S.Nc Ingredients Quantity (mg)
1 HPMC K100M 60

2 MCC 102 300
3 Sodium bicarbonate 60
4 Citric acid 5

Table 2: composition for the preparation of Ziprasdone HCI floating tablets

F1 F2 F3 F4 F5 F6
SNo | INGRIDIENTS | (mg) | (mg) | (mg) | (mg) | (mg) | (mg)

1. Ziprasidone HCI 80 80 80 80 80 80
2. HPMC K4M 125 175 225 300 - -

3. HPMC K100M - - - - 125 175
4. Olibanum resin - - - - - -

5. Floating blend 294 244 194 119 294 244
6. Magnesium sterate] 0.5 0.5 0.5 0.5 0.5 0.p
7. Aerosil 0.5 0.5 0.5 0.5 0.5 0.5

Table 3: composition for the preparation of Ziprasdone HCI floating tablets
F7 F8 F9 F10 | F11 | F12

S.No | INGRIDIENTS

(mg) | (mg) | (mg) | (mg) | (mg) | (Mg)

1. Ziprasidone HC 8C 8C 80 8C 8C 8C

2. HPMC K4M - - - - - -

3. HPMC K100M 225 300 - - - -

4. Olibanum resin - - 125 175 225 300

5. Floating blend 194 119 294 244 194 11P
6. Magnesium sterate] 0.5 0.5 0.5 0.5 0.5 0.p
7. Aerosil 0. 0.t 0.£ 0.5 0.t 0.

Characterization of ziprasidone HCI floating table7]

The prepared Ziprasidone HCI tablets were testeghgsical characteristics, viz., weight variatiomeasured using
weighing balance, Mettler Tolido Pvt. Ltd., Mumbhidia), thickness (measured using a vernier cgligerdness
(measured with a hardness tester, Monsanto, Dolpdin Mumbai, India) and friability (determineding a Roche
friabilator, Mumbai, India).

Content uniformity

Twenty tablets were weighed and the power equitateBOmg of Ziprasidone HCI was taken in 100miwoétric
flask containing 80ml of methanol. The content wenaken well for 30 minutes and made up to themelwith
saline buffer § 7.4 solutions and determined the Ziprasidone H@teut by measuring the absorbance at 318nm.

Invitro buoyancy studies

Thein-vitro buoyancy was determined by floating lag time dodting time. The tablets were placed in dissohutio
vessel containing 900 ml of 0.1 N HCI. The timeuieed for the tablets to rise to the surface arftbat was
determined as floating lag time. The duration fdiick the tablet remains afloat on surface of sotuts known as
floating time.

I n vitro dissolution studies

The release rate of Ziprasidone Hcl floating matallet was determined using USP Dissolution tgstipparatus
(basket type). The dissolution test was perform&dgi900 ml of 0.1 N HCI and 2% SLS, at 37 + 0.%4@ speed
of 50 rpm. Aliquots of 10 ml samples were withdraftom a zone midway between the surface of disgwiut
medium and the top of rotating basket not less tham apart from the vessel wall at one hour irtkand were

replaced with fresh dissolution medium for 12 houdtssorbance of these solutions was recorded an8i8ising

UV spectrophotometer.
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Analysis of Dissolution data: release kineti¢8,9,10,11]

Drug content in dissolution sample was determingdetease kinetics. The dissolution data obtained fitted to
zero order, first order, Higuchi, Hixson- Crowellodel and Korsmeyer-peppas to understand the ondgr a
mechanism of drug release from the tablets.

Q= Q +Kgt —------ Zero order kinetic

Where,C is the drug conc. at time t, i€ the initial drug conc. andKis the zero-order rate constant expressed in
units of concentration/time.

LogC = LogCO — Kt/ 2.303 ------ First order kinegi

Where, Gis the initial concentration of drug, K is the ficeder constant and t is the time in hours.

Qt = Kt1/2 ------- Higuchi model
Where, @s the amount of the release drug in time t, Kiskinetic constant and t- is time in hours.
W W= Kt ------ Hixson- Crowell model

Where, W is the initial drug in the pharmaceutical dosagamfoWt is the remaining amount of drug in the
pharmaceutical dosage form, t is time andsikthe constant incorporating the surface- volwgiation.

M M, = Kt "-aem- Korsmeyer- peppas model

Where, Mrepresents amount of the released drug at time,is ke overall amount of the drug (whole dose)
released after 12 hrs, K is the diffusional chamastic of drug/ polymer system constant, n- iglifiusional
exponent that characterizes the mechanism of elafadrug.

Accelerated stability studie$l5]

Formulation F4 was identified as the most promidgorgnulation. This formulation was scaled up toadch size of
1000 tablets size of three batches. These 3 batcheablets were filled in 90 cc HDPE container§)'s3
count/container. The samples were incubated at /8% RH incubators after initial testing. Samplesrev
withdrawn at 1M, 2M and 3M intervals and testeddarg content and in vitro dissolution profile tagt

Table 4: Formula for the preparation of ziprasidane HCI tablets
Ingredients Quantity forl tab(mg) |Quantity for3000 tab(gm
Ziprasidone HCI 80 240
HPMC K4M (60%) 300 900
Floating blend 119 357
Magnesium stearate 0.5 15
Aerosil 0.5 15

The Ziprasidone HCL (80mg) tablets were preparatitahlets of each batch were filled in 90 cc HDR&tainers

30’s count/container. The containers were cappe®tydtion sealed, and subjected to initial analyB&sed on the
results of the initial testing, the batches weradked in to stability chambers of 40°C/75% RH an8iC265% RH.

Samples were withdrawn as per the sampling plarsahpbcted to analysis. The 3 months compiled l#iatata is

given inTable 5.
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Table 5 : Stability sampling plan for ziporasidonefloating tablets

S.No | Stability Condition Sampling time point
1 25°C/65% RH p
2 40°C/75% Rt 15 Month | 2" Month 3" Month

RESULTS AND DISCUSSION

Absorption of Ziprasidone HCI floating tablets
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Fig no 1: UV absorption spectrum of Ziprasidone HCin 0.1N HCI showsk max at 318 nm

Table 6: Absorbance values of Ziprasidone HCl at nm
S.No Concentrationfig/ml) Absorbance
1 10 0.1445
2 15 0.2113
3 20 0.281¢
4 25 0.353(
5 30 0.4187

Physical characterization of the tablets

Tablet weight of all the formulations was foundo® 500.0 + 2.0 mg. Tablet thickness was found tdrhen. The

hardness of the formulation was 5.4 to 6.8 kg/cdmdicating satisfactory mechanical strength. Paagmmass loss
in the friability test was 1% in all cases, whichsmvan indication of good mechanical resistancé®tablet. Drug
content of all tablets was found between 96.89 %00.10 % which is in limits of pharmacopoeia sfieations

(95% to 101%).

FTIR spectroscopy study

Physical mixture of drug and polymer was charazéetiby FTIR spectral analysis for any physical &l as
chemical alteration of the drug characteristiczah be concluded that there was no interferent¢kédrfunctional
group as the principle peaks of the Ziprasidone M@t found to be unaltered in the drug-polymer ays
mixtures, indicating they were compatible.

In vitro buoyancy studies
The results of in vitro buoyancy studies showedkjtiioating of the tablet within 2 min after plagithe tablet in

dissolution medium (Fig 3). Floating lag time varigetween 1.5 min to 3.8 min. Buoyancy mainly dejgehupon
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the presence of sodium bicarbonate. Citric acidlpces swelling of the tablet while sodium bicarklientaas the
ability to generate gas in the presence of acidchvigets entrapped in the tablet. This leads taigton in the
density of the tablet, thereby producing floating.
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Fig no 2: calibration curve of Ziprasidone HCI in Q1N HCI at 318 nm
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Fig no 3:In-vitro buoyancy studies of tablets of formulation

In-vitro drug release studies:
In-vitro drug release studies of all the formulation of Zgiddone HCI tablets were carried out in 0.1 N H@&1 8%
SLS. The study was performed for 8 hrs and cunudadrug release was calculated at different tinberual. This

showed that polymers hydrated more rapidly witthhégnount of SLS in the presence of 0.1 N HCI. Resukre
given in the Bble 7 and 8,Figure 4.
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Table 7: cumulative percentage drug release of tHermulations F1 to F6
Cumulative % drug release
TIME HPMC K4M HPMC K100M
(hrs) F1 F2 F3 F4 F5 F6
(25%) (35%) (45%) (60%) (25%) (35%)
0 0 0 0 0 0 0
0.5 57.56 35.68 25.8 10.08 23.25 12.238
1 78.34 40.89 35.57 23.89 43.67 19.07
2 87.56 57.8 60.98 32.47 65.33 29.81
4 90.07 95.1 80.46 61.22 78.62 51.4b
8 100 100 93.89 86.64 90.62 76.69
Table 8: cumulative percentage drug release of tHermulations F7 to F12
Cumulative % drug release
TIME HPMC K100M Olibanum resin
(hrs) F7 F8 F9 F10 F11 F12
(45%) (60%) (25%) (35%) (45%) (60%)
0 0 0 0 0 0 0
0.5 3.2 2.13 66.67 49.48 32.34 18.64
1 8.16 5.41 76.67 69.48 52.34 35.6
2 16.2¢ 12.5¢ 868¢ 78.5¢ 68.51 60.67
4 35.04 20.78 98.56 97.61 88.76 87.5¢4
8 64.29 40.97 100 100 97.25 92.2
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> 80
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Fig no 4: comparison of dissolution profiles of fomulations F1to F12

The drug release patterns from all the formulatiares shown iriTables 5andb . The percent drug release after 8
hours is as shown iRigure 4.The formulations F1, F2, F5, F9 and F10 was founcelease 50% of the drug in
very short time and released 100% of the drugeaetid of & hour, this was due to the less amount of polynier,
rapid drug release from the tablet, during the gsscof floating and hence no control over the delgase was
achieved. From the drug release profile of F9 t@, Rlwas the formulation containing olibanum reasa polymer
which shows rapid drug release. This indicatesdlibanum resin does not have control over the delease. From
the comparison of targeted release profile, it wlaserved that the formulation F4, which contain 660APMC
K100M shows acceptable range of drug release frioentablet and also floating more than 12 hoursvds
observed that when the concentration of the polyim@eases the drug release rate decreases.
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Drug release kinetics

The results of kinetic models for Ziprasidone Hélkase from floating matrix tablets are showT@ble 9and 10
The coefficient of determination (R2) was usedraicator of the best fitting for each of the modadsisidered. To
explore the mechanism of drug release, the resilism vitro data were fitted into the zero-ordeirst-order,
Higuchi, Hixson-Crowell and Korsmeyer-Peppas madélse results revealed that formulationsF1, F2H84,F10
and F12 of floating matrix tablets were best fiftacthe Hixon crowell model. Formulations F3 artdviFere best fitted for the
Higuchi model. Formulations F6 and F9, F11 were fiitedl for korsmeyer-peppas model. FormulatiorisHzest fit for Zero
order.

Table 9: Different kinetic models for ZiprasidoneHCL formulations
Code | Z€ro order | First order | HIglI.I?CZhI [ Hixon crowell | Korsemayer-per;:pas Best fit model
F1 0.4604 - 0.7464 0.8884 0.8626 0.18D Hixon crowell
F2 0.7750 - 0.9455 0.9793 0.468 0.419 Hixon crowgll
F3 0.802¢ 0.989¢ 0.966: 0.947: 0.964¢ 0.491 Higuchi
F4 0.9545 0.9906 0.9816 0.9896 0.9662 0.690 Hixon eto
F5 0.7403 0.9522 0.9377 0.8925 0.9122 0.478 Higuchi
F6 0.9628 0.9960 0.9812 0.9955 0.9982 0.673 Peppas
R — coefficient of determination, n- release expomékorsmeyer — peppas
Table 10: Different kinetic models for ZiprasidoneHCL formulations
Code |Zero order | First order | H|g|l:;£:h| | Hixoncrowell | Korsemayel—per;:pa: Best fit model
F7 0.9975 0.9913 0.9158 0.9971 0.9952 1.072 Zero
F8 0.9961 0.9961 0.9218 0.9973 0.9876 1.047 Hixoncliowe
F9 0.4370 - 0.7288 0.8813 0.9527 0.158 Peppas
F10 0.5639 - 0.8377 0.9359 0.9223 0.25p Hixoncrowell
F11 0.7121 0.9861 0.9315 0.9216 0.9411 0.394 Peppas
F12 0.7692 0.9155 0.9341 0.8747 0.9255 0.590 Hixoncliowe
R® — coefficient of determination, n- release expoéhkorsmeyer — peppas

For matrix tablets, an “n” value near to 0.5 indésadiffusion control and an “n” value near to dlicates relaxation
or erosion control. The intermediate value suggéiséd diffusion and erosion contributes to ovenalease
mechanism. A value of “n” for all matrices studigele was ranged between 0.180 to 1.012 indicatirmnamalous
behavior corresponding to swelling, diffusion amdséon mechanism. It was also observed that higtmselation

was found for Peppas log time profile for formubas F7 (B> 0.99), which indicates the drug release via difin

mechanism from hydrophilic matrices. When the hpdiiic polymer tablets come in contact with thesdisition

medium, they take up water and swell, forming @ois gel barrier. In case of hydrophilic matrixlédb, the initial
swelling may aid dissolution of the drug, and thesdived drug diffuses out of the swollen gel karinto the
dissolution medium.

Matrix integrity:
It was found that the swollen mass of the tabletsains intact throughout the dissolution studiesealing good
matrix integrity.

Accelerated stability studies

Table 11: compiled stability data for Ziprasidone HCI floating tablets of F4

formulation
Test | Specifications | Initial 40°C/75% RH 25°C/65% RH
1M 2M 3M
Assay 9510105 | 98.96 | 98.86| 97.23 o975y oM

(% wiw)

Time Range
) (%)
0 0

Dissolution profile | 1 10-30 2489 24.62 2399 24.p0 24.35
2 25-55 3240 31.3p 3215 31.p2 31.52
4 50-85 51.100 50.99 50.56 51.58 50.98
8 85-100| 86.10 85.0p 84.99 85.65 84.38
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M- months, RH- relative humidity

This study indicates that the process for prepatdhdets is reproducible and gives excellent restlhe 3 months
accelerated stability data indicates that the fdatian is stable as far as the assay is concernédre dissolution
profile is within the acceptable limits of the TatdgProduct Profile at the end of 3 months.

CONCLUSION

The hydro dynamically balanced dosage form of Aplane HClI was targeted to be developed usingctir
compression technique. Ziprasidone HCI was fornediats a sustained release tablet. This was eniolzedoating
matrix containing HPMC of different viscosity gradenixed with a gas generating system. The purmise
fabricating the formulation in this manner was tos@re that the content uniformity of the potentgdmwas
dependent on mixing of the drug with the polyméaiger. The product was designed as tablet of 50Gustained
release tablet containing 80 mg drug. The effedlifiérent viscosity grades of HPMC and olibanursimein the
tablet was evaluated at 0% to 60%. It was obsettvatdformulation (F4) containing HPMC K4M 60% alogave
the acceptable release profile. The effect of thiferent levels of HPMC K4M in the tablet was &ated at 25%,
35% and 45% and 60%. The results show that onlyndtation (F4) with 60% K4M were acceptable.
Reproducibility of F4 was studied by scaling it tp 1000 tablet batch size and fabricating 3 consezu
batches.These batches were incubated at accelestatigitity study for 3 months in HDPE container.eTthree
month accelerated stability data indicates thgtrigduct has acceptable stability as far as assdyd@solution
profile is concerned.
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