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ABSTRACT

The aim of the present study was to develop and characterize an oral sustain release drug delivery system for
commonly prescribed antipsychotic Quetiapine fumarate. Hydrophilic matrix based tablets using different
concentrations of different grades of hydroxypropyl methylcellulose (HPMC) viz. K100 LV and K4M CR was
developed using wet granulation technique. The prepared tablets were of 50mg dose and were designed for once-
daily administration. The formulations prepared were evaluated for the release of Quetiapine fumarate over a
period of 24 hrs. using USP type Il dissolution test apparatus. The prepared tablets were evaluated for physical
properties. The in- vitro drug release studies revealed that the tablets containing 15% of HPMC K4M CR of the
total tablet weight showed satisfactory results and was able to control the release over 22 hrs. Further the influence
of commonly used excipients viz. Lactose, MCC and Sarch 1500 was studied on the selected formulation. The in-
vitro release data of prepared formulations followed Korsmeyer- Peppas and Higuchi kinetics strongly. The selected
formulation was compared with the marketed product for the drug release pattern and was matched using similarity
factor (f,) above 50. In conclusion, the dissolution profiles and the mathematical model fittings indicate that release
of Quetiapine fumarate can be effectively controlled by use of hydrophilic matrix systems.
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INTRODUCTION

Quetiapine fumarate (QF) (bis [2-(2-[4-(dibenzo[ f][ih,4]thiazepin-11-yl)]ethoxy)ethanol] fumarate, a
dibenzothiazepine derivative, is a recent antipstichdrug with an atypical neuropharmacological fieo
Quetiapine is the antipsychotic that has the higbeotonin/dopamine binding ratio, being the smriot type 2 (5-
HT,)-receptor blocking effect about twice as stronghes dopamine D2-receptor blocking effect [1]. Daethis
binding pattern, quetiapine causes minimal extrapydal side effects. It is readily absorbed frome th
gastrointestinal track with oral bioavailability about 83% and a plasma elimination half life raggfrom 6-
7hours. Administration of QF in the sustain reledssage form as once daily would be more desirabl¢his
formulation is intended to be given to schizophtgratients. The sustain release form would alsérebthe mood
for longer period of time by maintaining the plasommcentration of drug well above the therapeuticcentration.
It appears as effective as the older antipsychgiroslucing side effects no worse than those eneoeitwith
standard antipsychotics. This characteristic maiestiapine well tolerated and effective in patiemtso are
particularly susceptible to these severe side &fféecluding the elderly and adolescents and thde preexisting
dopaminergic pathologies, such as Alzheimer's diseand Parkinson’s disease.
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Literature survey revealed that no work has bedaighed till date on the sustain release dosage f@rQurtiapine
fumarate. An effort was therefore made to developpke and effective sustain release tablets of i@pite
fumarate using a polymer matrix system. Hydroxyptopethyl cellulose (HPMC) is the most commonly and
successfully used hydrophilic retarding agent f@ preparation of oral sustain release drug deliggstem [2].
The transport phenomena involved in the drug relefism hydrophilic matrices are complex because the
microstructure and macrostructure of HPMC exposeddter is strongly time dependent. Upon contac¢h whe
gastrointestinal fluid, HPMC swells, gels and flpadissolves slowly [3]. The gel becomes viscoutingcas a
protective barrier to both, the influx of water ahe efflux of drug in solution [4, 5]. As reportég Ford et al, [6]
the proportion of polymer in the formulation incsea the gel formed is more likely to diminish thudion of the
drug and delay the erosion of the matrix. Narasimand Peppas [7]. showed that the dissolutionbeaeither
disentanglement or diffusion controlled dependinglte molecular weight and thickness of the difiadboundary
layer. The rate of polymer swelling and dissolutienwell as the corresponding rate of the drugasele@re found to
increase with use of lower viscosity grades of pays.

The rate of drug release form HPMC matrix is degemdn various factors such as type of polymensg ddrug-
polymer ratio, particle size of drug and polymenrd @he type and amount of fillers used in the fdatian.

Starch is one of the most widely used excipienthi& manufacturing of solid dosage forms. Most mattarches
consist of two polymers of glucose, that is, bramthmylopectin and essentially linear amylose [Bhysically or
chemically modified starches have been used inasusktlease tablets because of their cold watellinge
capacityand gel barrier formation. Rak et al, [BHavzan Aerde and Remon [10] studies the possibiftyising
thermally modified starches for controlled drugeede. Herman and Remon [11] found that only fully
pregelatinized starches containing low amount oflase (25% and lower) could produce a strong enmejtayer
to ensure a sustained drug release. The polymadipiEnts like starches are able to control theas¢ over 20 hrs.
from tablets loaded with 20-60% drug. Other advgesaof cross linked high amylose starches may dallsence
of erosion , limiting swelling and the fact thatiaasing degree of crosslinking results in incréagater uptake rate
and drug release rate. The use of partially préigedad starches in combination with other polymessch as
hypromellose, in SR tablets have not been fullyn@rad. Therefore, the influence of Starch 1500 \étitose and
MCC, on drug release for m HPMC 2208 has been tigaged as a part in this study.

The aim of the present study was to design andlojgtbe sustain release matrix tablets of Quetmpimarate,
and to study the effect of different filler excipts on the drug release profiles.

EXPERIMENTAL SECTION

2.1 Materials

Quetiapine fumarate was provided as a gift sampleupin Research Park (Pune, India). HPMC 2208 wathious
viscosity grades (Methocel K4M premium CR and Me#id100 LV) was received as a gift sample fromaCobn
Asia, Pvt. Ltd. (Mumbai, India). Microcrystallineeltulose (Avicel pH 102) was received as a gift pimfrom
Signet chemical Co-operation, Mumbai. Lactose, Magmmn stearate and talc were purchased from Loleanigh
Pvt. Ltd., Mumbai. All other chemicals and reagemése of analytical grades.

2.2 Preparation of tablets

Matrix tablets were prepared by wet granulationhodtthe composition of various formulations is give Table 1.
Quetiapine fumarate and the polymer grades usddRMIC viz. K100 LV and K4M CR were initially passed
through 40# sieve. The drug and the polymer usec Ween proportionately mixed in a mortar for 10+hfs.
Filler excipient were than added and the resultiigture was again mixed for further 10 mins. Gratioh was
done using Isopropyl Alcohol. The wet mass was grs$srough 16 # sieve and it was dried in an ovett0iC for
20-30 mins. The dried granules were again passeddh 16 # sieve and blended with talc and magnesiearate.
The resulting granules were evaluated for the fiooperties. Tablets were compressed on 10mm fiatlpon a 12
station mini press tableting machine (Rimek, IndB¢ven different formulas having different concatibns of
HPMC K4M CR and HPMC K100LV were prepared. Thedsdets were evaluated for drug release and to sty
effect of polymer concentration on drug release.
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Table 1: Different Tablet Compositions*

Name of ingredient Quantity (mg) per Tablet”

Fl F2 F3 F4 F5 F6 F7
Quetiapine fumarate 110 110 110 110 11D 110 110
HPMC K4M CR - - - 525 70 105 14Q
HPMC K100 LV 7C 10¢ 14C | - - - -
Lactose 159.5 124. 89p 17f 1595 1245 §9.5
Magnesium Stearat¢ 3.5 3.9 35 315 3[5 3.5 B.5
Talc 7 7 7 7 7 7 7
Total 350 350 350, 350 350 350 350

* HPMC indicates hydroxypropyl methylcellulose.
# formulations F1-F3, contains 20,30 and 40% of HPMC K100LV and F4-F7,
contains 15, 20, 30 and 40% of HPMC K4M CR respectively.

2.3 Evaluation of tablets

As mentioned in the preparation of tablet sectionstudy the effect of polymer concentration ofglnelease, 7
different formulas, having different concentratiosfspolymer HPMC were developed. Figure 1 shows dhey
release profiles of the 7 formulations studied.

The prepared tablets were tested as per standaagdure [17] for weight variation (n=20), hardng€es6),
thickness (n=6), drug content and friability. Hagds of the tablets was determined by using Monstaiiket
hardness tester, Friability test (n=10) was corgtliatsing Roche friabilator (F. Hoffman-La Roche ,LBhsel,
Switzerland). Thickness of the tablets was meashsedigital Vernier calipers (Aerospace). Drug @mnitof QF
was analyzed by measuring the absorbance of sthndad samples ak=246nm using the UV/Visible
spectrophotometer (Jasco model-V-550, Tokyo, Jagath)comparing the content from a standard caidraturve.
Further the similarity factor,ffor the release of QF between the test producttlaaidof the marketed formulation,
Quel SR (IPCA Pharmaceuticals), was performed.

2.4 Study of filler Excipients

From the dissolution profile of the prepared tabletvas found that the tablets were showing tlitelrburst effect.

So, to overcome this problem different excipientsrevtried. For the study of filler excipient onelested

formulation was used. Various different fillersdiklactose, MCC and partially pregelatinized stg@tarch 1500)
were selected for the study. 3 formulations wittlifierent Excipients were prepared, and the resgltablets were
evaluated for various parameters. The in-vitro aligion was carried out and the effect of changdilier was

observed over the % drug release.

2.5 Dissolution testing

Dissolution studies were performed using the US®&/N, paddle-rotating method (Electrolab dissotnitester,
TDT-08, India) at 37 °C £ 0.5 °C and 50 rpm usingj N HCI in the initial 2 hours and phosphate brgéesolution,
pH 6.8 (PBS) till the end of the study [12] , a® ttlissolution media. Dissolution studies were edrrout in
triplicate. A 2 ml aliquot of sample was withdrawhregular time intervals, filtered and then theaeples were
diluted 10 folds with distilled water and then agsh spectrophotometrically at 246 nm. The cumuéafit drug
release was calculated for the formulations anddthey release data were curve fitted using PCPoDiss00
software to study the possible mechanism of driease from hydrophilic swollen matrices.

2.6 Mechanisms of drug release.

To analyze the mechanism of drug release from thgixntablets, the release data were fitted to fallewing
equations [13-14]:

Zero- order equation: Q stk

Where, Q is the amount of drug released at tiraed, lyis the release rate;

First- order equation: log (100-Q) = log1o&t
Where, Q is the percentage of drug release attiianad k is the release rate constant;

Higuchi's equation: Q =k
Where, Q is the percent of drug released at tiraad,k is the diffusion rate constant

3075



Sanjay Kshirsagaret al J. Chem. Pharm. Res., 2012, 4(6):3073-3081

Korsmeyer Peppas equation: Mtédv k t'
Where, Mt/ Mw is the fractional solute release, t is the relaase, k is the kinetic constant and n is an exptiaé
value.

2.7 Control of Burst

After the evaluation of the prepared tablets far thug release it was observed that there existedital burst
release in the first 1-2 hrs, in which about 35-46Pthe drug was released. The changing of fillerigent in the
formulation also did not helped much to control thuest. So to control the initial burst effect twmre formulations
were tried which contained a combination of the petymer grades HPMC K100LV (10%, 15%) and HPMC K4M
CR (12.5%, 15%). These formulations were then etatlifor physical parameters and also for disswiytrofile.

2.8 Wettability

The ability of tablet to absorb water or the pracebwater penetration into the tablet was examimgdalculating
the contact angle between the tablet surface amdter droplet. A drop of colored solution was détgason the
surface of the dry tablet with the help of a syerand needle. In the initial 15 seconds 5-10 smage taken and
the contact angle was measured by drawing a tahgéiné curvature of the drop [8].

2.9 Similarity factor (f,) Analysis

In- vitro release profile of the marketed QF sustalease tablets (SR) tablets, (Quel SR, IPCA) pexformed
under similarity conditions as used for in- vitrelease testing of the test product for the releds®F. The
similarity factor between the two formulations witermined using the data obtained from the drlegase pattern.
The data was analyzed by the following formula shawequation 1. [15].

-0.5

"
1 -
f2 =5010g {|1+= Zw, (R, -T2 x100
n=1
Where,n = number of pull pointd¥: = Optional weight factorR: =  Reference profile at time point t and

T.= Test profile at same time point.
RESULTS AND DISCUSSION

The SR tablets of QF were prepared as there wéiserature available on the prepared dosage forh@F was a
drug of choice in case of many psychotic patievifet granulation was the prepared technique for ntpiSR
formulations, as the other techniques did not gatisfactory flow properties due to the fluffinegshe drug.

3.1 Physical Properties

The results obtained for the weight variation, Inask, thickness, friability, and drug content dwergyin Table 2,
all the prepared formulations were seen to be cgimplwith the official requirements of uniformityf aeight. The
drug content was found to be close to 100% of #ell claim for QF in all the formulations. The haeds and
friability, the measures of strength of the tabletye found to be 6-7 kg/dnand <1% respectively, these values
were within limit. Thus all the physical parametefshe compressed matrices were found to be editiwithin
controls.

Table 2: Physical properties of Formulations Prepaged *
* SD indicates Standard deviation

Test Results

Fl F2 F3 F4 F5 F6 F7
Weight variation (mg)+SD| 349+0.018 351+0.03 351P2( 347+0.052| 349.8+0.06Y 350.3+0.023 351+0.0094
Hardness (kg/cfy 6-8 6-8 6-8 6-8 6-8 6-8 6-8
Thickness (mm)+SD 3.48+0.07 3.51+0.04 3.52+0.p02 880605 | 3.50+0.034 3.49+0.047 3.56+0.035
Friability (%) 0.243 0.376 0.276 0.476 0.392 0.287 0.429
Drug content (%) 98.65 97.54 99.65 98.22 98.43 ®9.5 97.89

3.21n- Vitro release studies
As the drug in study had a slight solubility in eamoderate molecular weight HPMC is used as acatgolling
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polymer (K4M CR and K100LV) to retard the releasedug from a matrix at levels of 15 to 40% w/wtablets
prepared. The effect of polymer level on the redea$ the drug from matrix tablets was studied fablets
containing 15%, 20%, 30% and 40% of the polymeoriftulations F1 to F7). Figure 1 shows that the amhad
HPMC and as well as the grade used affects thaselste of the drug. Tablets containing 15% afd 80K4M
CR showed >90% release in 20 hrs. and the tabietmining 30% to 40% of K4AM CR showed a more rettiooh
giving only 64-77% of the drug release at the ehd®hrs. In comparison to this the tablets corntajriK100 LV
20% showed complete drug release at the end okl1@fis may be due to the erosion of the polymaeit &sof a
very low viscosity. High percentages of K100LV i30% and 40% showed complete drug release in 14l&hts.
respectively. Thus, indicating that higher the patage of the polymer more is the drug releasedatian.

120 +

——F1
—s—F2

F3
—%—F4
—%—F5
—e—F6

100 -

80

60

40 |

cumulative % release

20 - E7

0 5 10 15 20 25 30
Time (hrs)

Figure 1: In-Vitro drug release pattern of formulations F1-F7

3.3 Drug release mechanism

The obtained release data from the in-vitro digsmhu study from various formulations was fitted tbe
mathematical models. The kinetic models includedtFrder, Higuchi equation (matrix system) and sftoeyer-
Peppas model. Table 3 shows the data obtained thienmodel fitting, for all the 7 formulations stedi (F1-F7)
along with their R values, K constant, and n exponential value. Tverall curve fitting showed that the drug
release from the sustained release matrix talddtsxfed either Higuchi equation or the Korsmeyegppas model.
The values of the exponential factor ‘n’ were foutod be in between 0.2871- 0.3747 indicating thekigit
diffusion- controlled drug release. The correlatmmefficient R was same time best fitting to the Matrix system
and some time to the Korsmeyer-Peppas equationhwhis adequate from the sustain release systemgeudo,
looking at the negligible variation in theé Ralues for the release of the drug QF, the reldasz analysis applying
these mathematical models can be purely empirical.

Table 3: Release kinetics of the prepared formulatins

RZ
Zero- order | 1% order | Higuchi | Korsmeyer-Peppas n K
F1 0.5166 0.8526 0.9293 0.9812 0.2871 39.65
F2 0.6634 0.9202 0.9564 0.9839 0.3152 32.16
F3 0.7880 0.9621 0.9821 0.9899 0.3637 25.64
F4 0.649¢ 0.930¢ 0.952¢ 0.980¢ 0.290¢ | 30.8¢
F5 0.747( 0.948¢ 0.984: 0.957: 0.3007 | 15.9%

3.4 Influence of different filler Excipients on drug release

The fillers used were lactose which is very comrfiber in most of the formulations, and is a sim@egar. The
second filler was MCC which is cellulosic in natwed is mainly used as binder in dry state andisintegrate

when in solvent, but is not as soluble in watedag$ose. Starch 1500 is a pregelatinised starchagong low

amount of amylase and that's why could produceangtenough gel layer. Figure 2 shows the drugselgrofile

from the formulations containing different fillerxBipients. From the figure it was seen that thegdrlease was
slower for MCC and slowest for starch 1500 thanftimeulation with lactose. The drug release differes between
tablets containing lactose and MCC can be attribatainly to the excipient solubility. Lactose beimgre soluble,
it releases the drug faster by the formation ofpan to the tablet, while MCC shows a slower redeahich may
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be due to its low solubility in water as comparedhat of lactose. Use of starch 1500 as a filkeipgent, in HPMC
matrices may bring about retardation effect resglfrom interactions between HPMC and starch 15@@ tan
affect the properties of the gel layer around #iget, hence showing the slowest drug releasenmpagson. This
slow release may be due to slower penetration eémfeont towards the center core of the matrixvad as the
property of starch to hydrate and form a gel lalgarrier due to intramolecular hydrogen bonds in ighly
branched amylopectin [16]. The use of differedéfg was tried to control the burst but, the buras not seen to be
controlled to the required extend.

120 -

100 -
3]
12}
©
% 80 1 —e— Lactose
> 60 —=— Strach 1500
>
B 0| ——MCC
€
=
(8] 20 4

0 : : : : : {
0 5 10 15 20 25 30
Time (hrs)

Figure: 2 Drug release from formulations containingvarious different fillers

Control of Burst

The selected formulation (F4) shows expected relgastern with more than 90% drug release over2Qut it
showed 40% release in the initial hour which was aygpropriate. This burst release may be due tceniare

required for wetting of tablet containing high wsity grade polymer (K4M CR). As a result more timvas

required for the formation of diffusion layer leadito higher percentage of drug release initidllyis problem was
overcome by combining the two polymer grades K4M Wik low viscosity grade K100LV which take lesmé

for wetting and gives rapid formation of the diffus layer.

The results of the dissolution study and the delgase profile of these two formulations contairtiifferent ratios
of K100LV and K4M CR (B1 and B2) is shown in taddlend figure 3 respectively.

Table 4: % drug release from B1 and B2

Time (hrs) % Release
B1 B2
1 23.75+0.23| 26.7+0.52
2 27.52+0.54| 38.51+0.4
4 32.18+0.65| 49.64+0.3
8 45.18+0.14| 57.67+0.2¢
10 51.42+0.32| 65.68+0.2}
12 57.58+0.36| 73.38+0.22
14 66.13+0.76| 78.86+0.19
16 75.41+0.54| 84.58+0.51
18 84.31+0.43| 88.83+0.48
20 93.24+0.42] 94.7+0.33
22 97.95+0.17| 97.52+0.8y
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Figure 3: Drug release profile of formulations B1 ad B2

3.5 Wettability

Drug release from HPMC matrix tablets is basedtenglassy transition of the polymer into a rubbglgss that
occurs as a result of water absorption of the pelyimthe matrix. The drug release mechanism isrdehed by the
structural characteristics of the gel layer (sweliuniformity of polymer hydration, and gel strémgand by gel
layer erosion. Therefore, rapid gel formation teyemt rapid ingress of water into the matrix aslwaslhigh gel
strength is critical factors in drug release froPNMIC matrices.

It was found that water penetration into the tabtaitaining HPMC K100LV was much faster as compdcethe
tablets containing HPMC K4M CR. This observationswanfirmed by contact angle measurement. Thisystud
indicated that the water penetration capacity ef tdblets containing HPMC K100LV was higher thanWK&R.
The contact angle for the samples was similar (B)-8nd less than §pindicating good surface wettability
behavior of these matrices [8]., but tablets caontgi K100LV showed much faster penetration and rdte of
contact angle change was also significantly faster.

Figure 4 gives you the pictures of tablet wettailof tablets with K4M and with K100LV. Thus, itag indicated
from this study that due to more wetting of thelétbcontaining low viscosity grade polymer, thagirelease from
the formulations F1-F3 was much faster as comptodtie other formulations containing high viscogiglymer

grade.

(a) (b)
Figure 4: Water droplet and it's absorption into (a) tablet containing K4M CR and (b) tablet containing K100 LV

3.6 Similarity Factor

The principles purposes of dissolution testing3feld: (1) for quality control, to ensure the wnifity of product
from batch to batch; (2) to help to predict biodaaility for formulation development; and (3) asreasure of
change when formulation changes are made to atirekiermulation. So, to compare the release patiem two
different formulations of the same drygfdictor can be used. Similarity factor analysisieetn the prepared tablets
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and Quel SR tablets (marketed) for the releaseFoSkpwed an,ffactor (§ = 61.45) greater than 50. As shown in
figure 5, the ffactor confirms that the release of QF from theppred tablets was similar to that of the marketed
tablet.

120 +

100 +

80 -

—&— Mtk Pdt

—=—F4

60 -

40 +

cumulative % release

20 A

0 5 10 15 20 25 30
Time (hrs)

Figure 5: Comparative in vitro drug release of seleted formulation (F4) with marketed product for similarity factor f,
CONCLUSION

All the prepared formulations with HPMC polymer des had good flow properties before compressiontaed
tablets showed weight uniformity and mechanicaérggth. All the formulations resulted in slow drugjelase
depending upon the type and concentration of tHegnper grade. Drug release was found to be affebtedhe
concentration of the polymer; increasing conceimratresulted in decreased drug release. The fotionla
containing 15% of KAM CR grade of HPMC showed $ati®ry results sustaining the effect of the druwgro20
hrs. to give once daily dose. The formulation comitey Starch 1500 as a filler excipient showed sl@vest drug
release. The water absorption into the tablet @oimiz; K100LV was much faster as compared to thdetab
containing K4M CR; this observation was confirmedtbe contact angle measurement. The similarityofaff,)
value above 50 indicated the similarity betweenrttzeketed and prepared tablets.
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