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Abstract: In the present investigation an attempt has beaterrmenhance the solubility and dissolution rate,
thereby increasing bioavailability and improvedigat compliance by developing sustained releaseibmat
tablets of ziprasidone hydrochloride. Ziprasidogdrbchloride solid dispersions were prepared wiEGF6000
and p-cyclodextrin. The efficient dispersions was furtldirectly compressed to sustained release tatlitts
matrix polymers like guar gum and HPMC K15 in ttadias of 1:0.5, 1:1, 1:1.5. Precompression and post
compression parameters were carried out alongaenpatibility studies and in vitro drug releasedsts. The
influence of polymers on the release rate and mestraof drug release for ziprasidone hydrochlofficen
matrix tablets were determined. The mechanism leise of drug from the formulations was observebeto
diffusion controlled exhibited by higher correlatiavith Higuchi kinetics. To confirm the exact menfsan of
drug release from these tablets, the data weredfitb korsemeyer-peppas equati@lope values >0.5
suggested that the release of Ziprasidone Hcl frasustained release solid dispersion tabletaliegethe
fickian drug transport mechanism.

Key words: Ziprasidone HCLB-Cyclodextrins, guar gum, PEG 6000, HPMC K15, sdlispersion, matrix
tablets.

Introduction

In recent years due to application of combinatiatemistry and high-throughput screening during
drug discovery, a majority of new drug candidatesilgits poor aqueous solubility. A suitable pharmatical
approach is usually practiced in industries to impr the dissolution of poorly water soluble drugse
approach indulged in optimizing the formulation graeters, manufacturing process and physicochemical
properties of drug for enhancement of dissolutate.r

A poorly water soluble drug will regeimore time to dissolve in the gastrointestindtifthan it takes to
be absorbed in the gastrointestinal traét greater understanding of dissolution and absomptiehaviors of
drugs with low aqueous solubility is required tasessfully formulate them into bioavailable druggrcts.
Although salt formation, particle size reduction,dtave commonly been used to increase dissoltdienof the
drug, there are practical limitations with theseghteques that the desired bioavailability enhancgmeay not
always be achieved. Therefore formulation approaehie being explored to enhance bioavailabilitypadrly
water-soluble drugs, one being solid dispersiohrigmé and should be formulated as suitable dosage form.

Conventional dosage forms such as capsules, $atdatbe considered to release their active ingnésli
into an absorption pool immediately. The concepsusdtained release formulations was designed tiescla
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prolonged therapeutic effect by continuously ralgaamedication over an extended period of time rafte
administration of a single dose and to eliminate tleed for multiple dosage regimens, particulastytfiose
drugs requiring reasonably constant blood leveler av long period of timfe In addition, it also has been
adopted for those drugs that need to be admingteréigh doses where too rapid release is likelgduse
undesirable side effects. Numerous hydrophilic pags have been investigated and are currently irsed
design of sustained release systetfis Polymers like HPMC K15, guar gdrare mainly used in the design of
sustained release drug in which achieving optimad@oncentration at the site of action is the melallenge.

Ziprasidone hydrochloride is an atgpiantipsychotic agent approved by FDA for the ttresnt of
schizophrenia, mania and mixed states associattétd bipolar disordér It is white to off white crystalline
powder. It is relatively insoluble in water (21.18g/l)° and soluble in methanol and DMSO. lIts oral
bioavailability is 60% and has 99% plasma protéirdimg. It is hepatically metabolized by aldehydductase;
minor metabolism occurs via cytochrome P450 3A4 R@X4Y'°. Elimination half life of Ziprasidone HCI is
4-5 h. Potential advantages of this drug include locidence of sedative effects, a low likelihoofl o
extrapyramidal symptoms. For acute psychotic symptdn patients with schizophrenia, schizoaffective
disorder or acute mania, Ziprasidone Hcl is adrtenesi twice daily dose of 80 — 160 mg, where aswg(ay
may be an effective maintenance dose. Based oabitnee physicochemical and biopharmaceutical prigsert
Ziprasidone Hcl was selected as a drug candidateempts was made to enhance the solubility efdfug by
exploiting the solid dispersion technique and aahian extended drug releasith reduced frequency of drug
administration, reduced side effects and improwatept compliance.

Experimental
Materials

Ziprasidone HCL was obtained from Cadila HealtheCavlumbai, India. HPMC K15 was obtained
from Himedia, Mumbai, India. PEG 6000, Guar gum, G)@ethanol were obtained from Merck, Mumbai,
India. Magnesium stearate apatyclodextrin were obtained from SDFCL, Mumbai,ibd

Methods
Preparation of solid dispersions forZiprasidone Hcl
Solid dispersions prepared by physical mixing

Physical mixtures were prepared by mixing the eately weighed (1:1, 1:2 and 1:4) Ziprasidone Hcl
with PEG 6000 anf@-cyclodextrin by spatulation for 10 min.

Solid dispersions prepared by common solvent evapation method

Solid dispersions were prepared using differetipsa(1:1, 1:2, 1:4) of Ziprasidone Hcl and PEG
6000.The required amounts of drug and polymer wezighed and mixed with sufficient amount of metHano
The solvent was allowed to evaporate at room teatpex and subsequently dried in an oven & 6The dried
residue is pulverized using a glass mortar andigpeshe pulverized mass is sieved #60 to obtairiotmi
particle size and stored in a desicator at roonpé&ature.

Solid dispersions prepared by kneading method

Solid dispersions were prepared by using differatios (1:1, 1:2, 1:4) of Ziprasidone Hcl afid
cyclodextrin. The required amounts of drug and pay were weighed and mixed in a mortar & kneadat wi
small volume of water-methanol mixture for half hour to produce homogenous dispersion. The slurry
obtained is dried in an oven at°@0until dryness. The dried residue is pulverizethgia glass mortar and
pestle. The pulverized mass is sieved #60 to ohtaiform particle size and stored in a desicatorcam
temperature.

The composition of various formulations of physio@xtures (PM) and solid dispersions (SD) was
shown in the table 1.



V. D. Sundar et a//Int.]. PharmTech Res.2014,6(3),pp 959-968. 961

Table 1: Composition of physical mixtures and solidlispersions

Fomulation code Designation Drug:PEG 600@-cd
F1 PM 1:1:0
F2 PM 1:2.0
F3 PM 1:4:0
F4 PM 1:0:1
F5 PM 1:0:2
F6 PM 1:0:4
F7 SD 1:1:0
F8 SD 1:2:0
F9 SD 1:4:0
F10 SD 1:0:1
F11 SD 1:0:2
F12 SD 1:0:4

1 part equivalent to 200mg

Evaluation of physical mixtures and solid dispersins

Evaluation of physical mixtures and solid dispansiwere carried out by estimating drug contenCDPS
FTIR andinvitro dissolution studies. Drug content of Ziprasidon€LHwas analysed by measuring the
absorbance of standard and samples at 317 nmth&ing\V/Vis spectrophotometéfhe FTIR spectroscopy and
DSC thermograms were studied to ensure that no ichenmmteraction between the drug and polymer had
occurred.

The invitro drug release study of formulations F1-F12 werdopered using USP type |l dissolution
testing apparatus in phosphate buffer. Accuratetyghed amount of pure drug, physical mixture anktso
dispersion equivalent to 100mg of pure drug wasequain dissolution apparatus with 900ml of deaerate
dissolution medium which was run at 75rpm at cortsiemperature 3T+ 1°C. Samples (5ml) were withdrawn
at 0, 5, 10, 15, 20, 30, 45 and 60min, filteredtigh 0.45 pm whatmann filter, diluted suitably amdhlysed
spectrophotometrically at 317 nm. The best fornotatsuitable for preparing sustained release tabhets
selected on the basis of vitro release studies of physical mixtures and soligedisions of Ziprasidone HCI
prepared with PEG 6000 afiecyclodextrin.

Preparation of matrix tablets

The sustained release tablets consisting of Zgwas HCL solid dispersion and MCC along with
matrix polymers like guar gum and HPMC K15 werepared by direct compression process. The polymer
concentration was varied while the drug contentm@Oand the total weight of the tablet (350mg) wiespt
constant. The ingredients were individually pastedugh #60 sieve and mixed for 15 min. The mixtuwees
lubricated with magnesium stearate and compressed tablets using a tablet punching mini press. The
composition of various tablet formulations was shamwthe table 2.

Table 2: Composition of various sustained releasalblet formulations

Ingredients

(mg/tablet) T1 T2 T3 T4 T5 T6
Solid Dispersionf{-CD, 1:4 20C 20C 20C 20C 20C 20C
HPMC K1t 20 40 6C - - -
Guar Gur - - - 2C 4C 6C
Microcrystalline cellulos 12% 10z 6C 12% 10z 6C
Magnesium steare 7.C 7.C 7.C 7.C 7.C 7.C
Total weight 350 350 350 350 350 35(
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Evaluation of tablets

The prepared matrix tablets were tested as pedaid procedures for weight variation (n=20), hasdn
(n=6), drug content (n=6) and friability (n=2b)Matrix tablet hardness was determined by usifdoasanto
tablet hardness tester (SESCO). Friability test @maslucted using the Roche friabilator (SESCO).glrontent
of ziprasidone HCI was analyzed by measuring thsodidance of standard and samples at 317 nm useng th
UV/Vis spectrophotometer (PERKIELMER).

FTIR spectral analysis

The FTIR analysis was carried out to identify ttmempatibility between the drug and excipients. A
Perkin-Elmer spectrum (Lambda 25) equipped withA_Hetector was used for infrared analysis. Sampkae
prepared by KBr disc method and examined in thestrassion method. A resolution of 4 ¢iwas used over a
frequency range of 4000-450 ¢m

Differential scanning colorimetry (DSC)

The physicochemical compatibilities of the optiedzZormulations were tested by differential scagnin
calorimetric (DSC) analysis. Thermal characteraatof pure drug and formulation were performed with
mettler Toledo, USA. About 10 mg of sample was @thdin sealed aluminum pan. The equipment was
calibrated with indium. The samples were scann&d@tC/min from 50-4000C.

I n vitro dissolution studies

Drug release from the prepared tablets was agbéysaissolution test under the following condison
USP type Il dissolution apparatusLEETROLAB PVPOSL,MUMBAI, INDIA) at 75 rpm using 900 ml of 0.01 N
HCL (2 hr) and phosphate buffer solutiof, 74 (12 hr) as dissolution media. Dissolution stsdivere carried
out for tablet formulations equivalent to 40mg of¢ drug maintaining the sink conditions. Total bafiquot
of samples were withdrawn at regular time interviiliered and assayed spectrophotometrically &@tr@h. The
amount of drug release was determined using anopppte standard curve. The dissolution profiles of
formulations were presented as percent drug rekesagame curves.

Drug release kinetics

To analyse the mechanism of drug release frormtdieix tablets, thén vitro dissolution data for the
best formulations were analysed according to zedero model, first-order model, Higuchi model and
korsemeyer model respectivEly

Results and Discussion

All formulations were produced under similar cdiugis to avoid processing variables. Drug contént o
formulations (F1-F12) was assayed spectrophotocadifriat 317 nm. The drug content in these formouhest
varied between 95.7 % and 102.2 % (average 98.95).

Evaluation of physical mixtures and solid dispersins

The FTIR spectra of solid admixtures of pure dangd various polymers had shown more or less similar
peak with almost the same normalized energy, itidigdahat the drug is unaffected in the presenceaoious
excipients used in the preparation of solid digpess The IR spectrum of pure Ziprasidone HCI shibateong
broad peak at 3412 ¢hmay be due to N-H stretching, 2928.7tmay be due to C-H bending, 1629.5cm
! may be due to C=N, 1381.85 ¢nmay be due te-C-N, 743.70 cril may be due to C-Cl. The FTIR results
were given in table 3 and spectra in figure 1- 3.

Table 3: Results of FTIR studies for Physical Mixtues and Solid Dispersions

Sample Wavelength of the peak
N-H C-H C=N C-N C-Cl
API 3412 | 2928.7 1629.5 | 1381.85 743.70
API + PEG 3416.5 | 2890.9| 1632.46 - 841.89
API +B-CD 3367 | 2920.6] 1715.55| 1382.87 743.96
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Figure 1: FT IR spectrum of Ziprasidone HCI
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Figure 2: FT IR spectrum of Ziprasidone HCL and PEG 6000
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Figure 3: FTIR spectrum of Ziprasidone HCL afiecyclodextrin
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DSC analysis was performed for the pure drug andioionulations F6 and F12 which shows an onset
of peak at 262.2&, 250.12C and 256.8% respectively. Ziprasidone hydrochloride exhil@itsharp peak at
262.28C presented in fig 4. The absence of endotherndk pe262.28 for formulations F6 and F12 (fig 5-6)
indicated that the drug is uniformly distributeddathere is no sign of interaction between drug polgmer.
This indicated that there was no drug and polymigraction.

Thein vitro drug release study of formulations F1-F12 werdopered using USP type |l dissolution
testing apparatus in phosphate buffer. The resuttee shown in figure 7 and 8. The dissolution nartes
significantly increased with increase in polymeticaThe mean percentage release of drug from phlsi
mixtures prepared with PEG 6000 ghd cyclodextrin at the ratio of 1:1, 1:2 and 1f#ea60 mins was found
to be 39.9%, 49.7%, 60.07% and 58.3%, 63%, 80&%bectively. The mean percentage release of dong f
solid dispersions prepared with PEG 6000 pnrdcyclodextrin at the ratio of 1:1,1:2 and 1:4ea60 mins
was found to be 42.9%, 52.7%, 65.1% and 68.694.9%994.70% respectively.

The solid dispersions prepared by kneading mefr@&8) containing one part of drug and four parts of
B-cyclodextrin exhibits a maximum release of 94.A%hin an hour, which was concluded that amongtel
batches F12 was found to best formulation whiclsugable for compression of solid dispersions indm
sustained release matrix tablets.

Figure 4: DSC thermogram of Ziprasidone HCI
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Figure 6: DSC thermogram ofp-CD 1:4 solid dispersion

&

&

Endset 276.96 °C

o

3
AR RN R RN RR N

Onset  256:83°C

o
I

T T T i i i T T T
50 100 150 200 250 300 350 400 450 -c

Figure 7: Invitro release profile of formulations F1-F6
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Figure 8: Invitro release profile of formulations F7-F12
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Evaluation of tablets

The six tablet formulations T1-T6 containing Zigidone Hydrochloride equivalent to 40mg were
tested for their mechanical properties i.e. weiggntiation, hardness, friability and drug contenheTresults
were an average of six tablets from each batch.vahation in weight was within the range of +5%quying



V. D. Sundar et a//Int.]. PharmTech Res.2014,6(3),pp 959-968. 966

with pharmacopoeial specifications. The hardnestloiets was found to be 4.5 kgfcriFriability below 1%
was an indication of good mechanical resistandatdéts. The drug content in all the formulatioresviound to
be satisfactory indicating content uniformity iretbrepared batches. Table 4 proved that all batekes found
to be within the limit.

Table 4: Physical properties of tablet formulations

Formulation Weight Hardness Friability Drug content
uniformity(mg) (kg/cm?) (%) (%)

T1 349+2.0 4.5+0.3 0.12 98.2+0.5
T2 345+3.0 4.5+0.3 0.20 96.4+0.5
T3 346+3.0 4.5+0.3 0.21 99.9+0.2
T4 351+5.0 4.5+0.3 0.15 100.2+0.3
T5 348+3.0 4.5+0.3 0.18 94.8+0.5
T6 352+3.0 4.5+0.3 0.20 100.6+0.5

Tablet characterization

The FTIR spectra of Ziprasidone Hydrochloride SBCD 1:4) with HPMC K15, Guar gum and
microcrystalline cellulose showed a peak at sanmapéeature. No change in shape of spectra observed,
indicating that the drug in presence of excipigstaains stable. The results were shown in tabledsspectra
in figure 9 -10.

DSC analysis was performed for the pure drug andptimised matrix tablet formulation, T6 which
shows an onset of peak at 262@8&nd 243.9% respectively. This indicated that there was negdand
polymer interaction. The thermograms were showfigiure 11.

The in vitro drug release study of tablet formulations T1-T&ewperformed using USP type Il
dissolution testing apparatus in 7.4 gphosphate buffer. The results were shown in figiBeAmong the six
batches formulated, the formulation F6 containingrggum in the ratio of 1:1.5 was found to be loéstll the
formulations. The release of drug from these batdtibits a sustained release than the formulafwapared
with HPMC K15 as rate retarding polymer. The redease decreases with increase in polymer condimtrd

Figure 9: FTIR spectrum of Ziprasidone HCL, B-cyclodextrin and HPMC K15
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Figure 10: F T IR spectrum of Ziprasidone HCL, B-cyclodextrin and guar gum
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Table 5: Results of FTIR studies for SR Tablets

Sample Wavelength of the peak
N-H C-H C=N C-N Cc=Cl
AP| 3412 2928.7 1629.5 1381.85 1743.70
API+HPMC K15 - - 1633.92| 1382.19 578.47
API + Guar gum - 2953.5 1634.06 - 706.44

Figure 11: DSC thermogram of tablet with guar gum 11.5
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Figure 12: Dissolution profiles of SR tablets containg HPMC K15 and Guar gum
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Drug release kinetics

The in vitro dissolution data for tablet formutats were fitted in different kinetic models i.eyae
order, first order and Higuchi and korsemeyer-psppguation.The results were summarized in the tble
Drug release from the tablet followlguchi and was confirmed by its fairly linear plots, icalied by their
high correlation coefficient 0.9939.

To confirm the exact mechanism of drug release fithese tablets, the data was fitted to
korsemeyer-peppas equatidie best formulation (T6) shows Ralue 0.9874 which was highest correlation
factor with peppa’s kineticsSlope values>0.5 suggestedhat mechanism of drug release followiekian
diffusion.

Table 6: In Vitro Drug Release kinetics

Formulation Zero Order First Order Higuchi Korsemeyer-peppas
2 2 2
r r r = .
T1 0.43¢ 0.678: 0.700¢ 0.869: 0.15¢
T2 0.49 0.927¢ 0.886: 0.981¢ 0.231
T3 0.531 0.965¢ 0.967¢ 0.99¢ 0.36¢
T4 0.62¢ 0.839¢ 0.876¢ 0.963: 0.25¢
T5 0.67¢ 0.95: 0.951¢ 0.966¢ 0.31¢
T6 0.78:2 0.984: 0.993¢ 0.987¢ 0.48:
Conclusion

The present study proves that it is possible twemse the solubility and dissolution rate of pporl
soluble drug Ziprasidone hydrochloride by prepaiings solid dispersion witB-cyclodextrins by kneading
method which was due to solubilizing effect. Theskd dispersions exhibited faster dissolution abtaristics
as compared to that of pure drug. The sustainedxrablet containing guar gum in the ratio of 5:lvas
found to be best of all formulations showing suwdi release of drug within a narrow range overgmgéd
period of time. The release of drug from all thexfalation followed diffusion controlled releaseléaed by
Higuchi which was confirmed by higher correlatiarefficient values.
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