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ABSTRACT

The present investigation is aimed to formulateatfty gastroretentive (GR) tablets containing ditém
hydrochloride using a sublimation material. Threeffatient grades of hydrophilic polymer Methocel®
(hydroxypropyl methyl cellulose (HPMC)) K4M, K15MdaK100M were used in different combinations dedint
ratios for the preparation of tablets. In this spudhe release of the drug from tablet was higldpehdent on the
polymer concentrations. Camphor was used as thinsation material to prepare GR tablets that arevidensity
and easily floatable.Camphor was changed to panabé tablet during the sublimation process. SEMeaded that
the GR tablets have a highly porous morphologyaftihg properties of tablets and tablet density waffectedby
the sublimation of camphor. Prepared floating gasttentive tablets floated for over 24 h and hafloating lag
time. However, as the amount of camphor in theetabiatrix increased, the crushing strength of thbldt
decreased after sublimation. Release profiles efdtug from the GR tablets were not affected bietatensity or
porosity.
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INTRODUCTION

Oral administration is the most common route fargddelivery. The bioavailability of a drug via oedministration
can be affected by many factors such as the dofame, the drug release profile, gastric emptyinge t
gastrointestinal transit time, and the site of dabgorption. Several drugs are unstable in théaeivironment of
the stomach and have a narrow absorption windaWwerupper small intestine. Floating drug deliveffeis several
applications for drugs having poor bioavailabiligcause of the narrow absorption window in the uppet of the
gastrointestinal tract. It retains the dosage fatnthe site of absorption and thus enhances thevaiiability [1].
Diltiazem hydrochloride (DTZ) is a calcium chanfsbcker belonging to the benzothiazepine familyisltvidely
prescribed for the treatment of hypertension arginren[2]. DTZ undergoes an extensive biotransforomatmainly
through cytochrome P-450 CYP3A [3], which resutidass than 4%of its oral dose being excreted urgddhin
urine [4]. Bioavailability of DTZ is ~30% to 40% owing to amportant first pass metabolism [2,4,5]. It has an
elimination half-life of 3.5 hours and has an apsion zone from the upper intestinal tract [4,5lfidacy of the
administered dose may get diminished due to incetapdirug release from the device above the absargtine
[6]. DTZ requires multiple daily drug dosage in erdo maintain adequate plasma concentrations.efdrey, it is a
suitable model candidate for gastroretentive foatioh. The gastroretentive drug delivery systenslma retained
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in the stomach and assist in improving the oratasued delivery of drugs that have an absorptiondew in a
particular region of the gastro-intestinaltracte$é systems help in continuously releasing the befigre it reaches
the absorption window, thus ensuring optimal bidatdlity [7]. High solubility of DTZ was a majortallenge in
designing its controlled drug delivery system. histstudy HPMC K4M, K15M and K100M were used aseh ¢
forming as well as a release-retarding polymer.Ganpas used as the sublimation material to prepare
gastroretentive tablets that are low-density arsilyeHoatable.

MATERIALS AND METHODS

Diltiazem Hydrochloride and different grades of HEMias donated by Dr. Reddys laboratory (Hyderabatia).
D,L-Camphor was purchased from Merk chemical Cal.(LMumbai, India. Magnesium stearate was purchased
from S.D lab chemicals (Mumbai, India). Allothegnedients, reagents, and solvents were of andlgieae.

1.1 Drug- excipients interaction study and identificaton

2.1.1. Fourier transform infrared spectroscopy (FTR)

An infrared spectrum of pure drug and physical omietof optimized formulation was recorded using BHER,
FTIR Spectrophotometer. The scanning range wast@@®O00 crit and the IR spectra of samples were obtained
using KBr disc method. Any change inspectrum pattd#rdrug due to presence of polymers was invesit#o
identify any chemical interaction.

2.1.2. UV spectroscopy (determination dmax)

The stock solution (1000ug/ml) of DTZ was prepare®.1 N HCI (hydrochloric acid, pH 1.2). This stun was
appropriately diluted with 0.1 N HCI to obtain ancentration of 2ug/ml. The UV spectrum was recoritethe
range of 200 to 350 nm on Lab India double beamvi$ible spectrophotometer.

2.2. Preparation of standard curve

The stock solution (1000pg/ml) of DTZ was prepaire®.1 N HCI. From this 20 pg/ml second stock sSolutvas
made. This was withdrawn as 1, 2, 3, 4, and 5 mlidiluted each with 0.1 N HCI (pH 1.2) to obtaimcentrations
of 2,4, 6, 8 and 10ug/ml. The absorbance of thekgisns were measured at 236 nm against blanikileN HCI.
The coefficient of correlation and equation for time are determined.

2.3. Preparation of gastroretentive tablets of DTZ

The composition of different formulations of DTZ gjeoretentive tablets are shown in table 1. Didiaz
Hydrochloride, HPMC K4M, HPMC K15M, HPMC K100M, Cainor were passed through sieve no. 80 separately.
MCC add directly to the above ingredients. The pewalends were lubricated with Magnesium stearb¥ew/w)

and Talc (2 %w/w) and mixed for two to three mirsut€hese lubricated blends were compressed intetsalising
12mm flat faced round tooling on a multiple punahlét machine (Karanavati Mini Press). The compoesforce

was adjusted to obtain tablets with hardness imahge of 4 to Skg/cfnEach tablet contained 90mg of DTZ. Then
the tablets were kept in hot air oven for 12hrs domplete sublimation of camphor. Twelve formulatovere
prepared and those were coded from F1 to F12.

Table 1. Composition of different floating tablet brmulations (F1 to F12) of DTZ

(mg) F1 F2 F3 F4 F5 F6 F7 F8 F9 F10] F11  F12
Diltiazem 90 90 90 90 90 90 90 90 90 90 o 9(
Hydrochloride
Camphor 100 | 100 | 100| 100] 100] 10d 10 10p  1do 140 1po  1po
HPMC K4M 90 | 135 | 180 | 225
HPMC K15M 90 | 135 | 180| 225
HPMC K100M 90 135 | 180| 225
MCC 0S| 05| 0S| 0S| 0s 3 08 05 aos dos &5 0s
Talc 2% | 2% | 2% | 2% | 2% | 2% 2%| 2% 2% 29 29 29
Magnesium 1% | 1% | 1% | 1% | 1% | 1%| 1%| 1% 19 19 19 19
stearate

2.4. Pre-compression evaluation
The granules were evaluated for flow property aegle ofrepose, bulk density, tapped density, cesgbility
index (Carr's index) and Hausner's ratio usingdsteshprocedures [8,9].
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2.5. Post-compression evaluation
The prepared tablets were evaluated for their ghysparameters like hardness, thickness, weighiatian,
friability and drug content [8,9].

To study weight variation, twenty tablets of eacmifulation were weighed using an electronic balarmtthe test
was performed. Thickness and diameter of tabletsdetermined using Vernier caliper. Ten tabletsmfeach batch
were used, and their average values calculatedindas of ten tablets of each formulation was deterdhusing
Monsanto hardness tester.

Friability of twenty tablets was determined usihg Roche friabilator. This test subjects a numlf¢aldets to the
combined effect of shock and abrasion by utilizinglastic chamber which revolves at speed of 25 gnopping
the tablets to a distance of 6 inches in each wtienl. A sample of pre-weighed tablets was plagedRkoche
friabilator, which was then operated for 100 retiolus for 4 min. The tablets were then dusted awetighed.

Ten tablets containing DTZ were crushed to a fioeger. A quantity equivalent to 100 mg of DTZ walsled into
100 ml volumetric flask and dissolved in 0.1 N H@H 1.2). After suitable dilutions the absorbancasw
determined by UV-Visible spectrophotometer (Labid)ct 236 nm against blank. The drug content westzed
by using calibration curve [10].

The in vitro buoyancy test was determined by flogiiagtime, as per the method described [111#.tablets were
placed in a 100ml beaker containing 0.1 N HCI (pB)1The time required for the tablet to rise te Hurface and
float was determined as floating lagtime (FLT) d@hd time for which the tablet constantly floatstbe surface of
the medium (duration of floating), was measured.

The release rate of DTZ floating tablets was deiteech using USP Type Il Apparatus (Paddle Type). The
dissolution test was performed, using 900 ml of .HCI, at 37 + 0.5C at 50 rpm for 12 h. A 5 ml sample was
withdrawn from the dissolution apparatus at spedifime and the samples were replaced with fressotlition
medium. The samples were filtered through a 0.45 membrane filter and sufficiently diluted. Absorbanof
these solutions was measured at 236 nm using UWleispectrophotometer [10].

2.6. Kinetic analysis of release data

The obtained dissolution data was fitted to zerdeqr first order, Higuchi and Korsmeyer-Peppas #gnsa to
understand the rate and mechanism of drug release the prepared formulations. The correlation ficehts
values were calculated and used to find the fitoésise data.

Zero order equation [13],

Q= Qot Kot 1)

describes the systems where the drug release gatedépendent of concentration of the dissolvedstauize,
where, Q= initial amount of drug, @ cumulative amount of drugrelease at timed Kero order release constant, t
=time in h.

First order release equatidn

Log Q= Log Q+ K/2.303 -------- 2

the drug release rate depends on its concentratioere, @=initial amount of drug, & cumulative amount of drug
release at time t, K = first order release constantime in h.

Higuchi release equatidf,

Q = KHt"%or M/Mo = Kt*? €)

the Higuchi equation suggests that the drug resedsediffusion mechanism. Q =cumulative amount afgd
releaseat time t, KH = Higuchi constant, t = timehi
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Korsmeyer-Peppas equatibh
F = (MIM,) =KMo (4)

which describes the drug release from a polymestesn,where F = fraction of drug released at tinhdt amount
of drug released at time t,,M total amount of drug in dosage form, Km = kinetomstant, n = diffusion or release
exponent,t = time in h.

2.7. Stability study
The optimized formulation (F5) packed in silverlfand subjected to stability studies af@a C/75 + 5% RH.
Sample was withdrawn at pre-determined time intere& 0 (initial),30, 60 and 90 days. Tablet waslaated for
the different physicochemical parameters viz. apoeae, weight variation,thickness, hardness, fiitgbidrug
content and in vitro release.

RESULTS AND DISCUSSION

3.1. Drug- excipients interaction and identificatio
The wavelength of maximum absorbance was obtaih@@&nm. The calibration curve was found to bedinin
the range of 2-10 pg/ml and straight line equati@s obtained having the regression coefficientevalu0.999.

FTIR spectrum of DTZ showed a characteristic shieg band of aliphatic C-H at 2966 ¢mC-O (acetone)
stretching at 1743.12 ¢l C-O (lactone) stretching at 1678.13 tno-substituted aromatic C-H out of plane
bending at 839.11ch p-substituted aromatic C-H out of plane bending7&0.13crl wavenumber .These
characteristic stretching bands were slightly \crédter pre-formulation study, revealing no cheriogeraction

(Fig.1).

3.2. Physical characteristics

The powder blend of twelve formulations (F1-F12Yyevevaluated for angle of repose, bulk densitypeapdensity,
Carr's index and Hausner's ratio showed the prepoessed blend has good flow property table 2. Ftated
tablets evaluated for physical parameters suchasinbss, thickness, weight variation, friabilitpdadrug content,
the results are shown in table 3. It was found #tlathe blends have good flow property as theynsftbangle of
repose value was between 25 an@j 8&presents good flow property. Carr's index vatas found to be less than 10
showing excellent property except formulation F@ &12 which showed 13.01 and 13.19 respectivelysHar's
ratio was found to be less than 1.12 showing eeneflow property except formulation F9 and F12 ethshowed
1.14 and 1.13 respectively.

The total weight of each formulation was maintaimedstant; the weight variations of the tabletsemgithin the
permissible limits. According to IP specificatidioy tablets weighing more than 250 mg, +5% deviatimm the
mean weight is acceptable. The weight of the talbet fixed at 500 mg and was maintained for alldhiches in
order to minimize the effect of weight on the dimetpase. Hardness of tablets was found to be imathge of 3-4
kg/cnf. The thickness of floating tablets ranged from6Std 5.58 mm. Friability test of all the formulati® was
found satisfactory showing enough resistance tertbehanical shock and abrasion less than 1%. Dyotgit in all
formulations was calculated and the presence ofeatigredient ranged from 97 to 102%. The in-Vitnaoyancy
studies in 0.1N HCI reveled the floating lag timasazero sec and floats more than 24hr. In-vitroyhnoy results
showed in table 4.

3.4. In Vitro drug release

In vitro dissolution studies were performed in BLHCI (1.2 pH) and results depicted in Figs.3-5iceatage drug
release was calculated at one hour time intena@lsl®2h. Among all formulations, Formulation F5 galesired
release in first hour for loading dose and alsardetd the drug release for 12h (90.5%).

3.5. Stability studies
According to ICH guidelines, three months stabibtydies conducted at controlled temperatur¥c40 C and
humidity75 + 5% RH showed negligible changes inlitsgable 5.
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Fig 1. — FTIR of A) pure Diltiazem HCI, B) HPMC K15M and C) optimized formulation (F5)

Table 2. Pre-compression evaluation

Formulation code| Angle of repdse Bulk density | Tapped density Compressibility indexHarl;figers
F1 27.2040.1C 0.410+0.1 0.430+0.1 6.95 +0.0. 1.06 £ 0.1:
F2 27.06£0.2 0.402 +0.1 0.437 £ 0.0 7.77+0.1 1.06 + 0.0
F3 31.11+0.08 0.417 £ 0.0 0.450 +0.18 7.35+0.09 | 1.08 +£0.02
F4 30.2 +£0.11 0.418 + 0.01 0.444 + 0.08 8.13 80.0 1.09 +0.15
F5 26.78+0.14 0.420 £ 0.1p 0.463 + 0.09 9.25+0.11 | 1.07+0.06
F6 29.3+0.00 0.403+0.0 | 0.443+0.1 10.03+ 0.0 1.13+0.1
F7 27.6+ 0.0! 0.416+£0.0 0.446+ 0.1 6.56 +0.1! 1.06 + 0.0
F8 26.16+0.18 0.436 +0.1p 0.468 + 0.0 8.69 20.0 1.16 +0.11
F9 30.78 +0.06 0.421 + 0.08 0.484 + 0.0y 13.01140. 1.14 + 0.03
F10 27.45+0.12 0.407 + 0.0b 0.437 + 0.0p 7.070% 0. 1.07 + 0.08
F11 30.6 £ 0.05 0.410+0.14 0.450 + 0.0B 8.30180. 1.10 + 0.05
F12 31.24+0.11 0.422 +0.0p 0.462 +0.1P 13.19070 1.13+0.12

2(@+S.D)n=3.
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Table 3. Post-compression evaluation

Formulation code| Hardness (kg/fenSD) (;mcinsg? V(Vrtn gvirgt)l(j),n I(:or/:z\?/i,l\l,t)% D(r(;)g icg’l‘)t)? nt
F1 3.10+0.10 5.24 +0.00p 500 +0.83 0.58 +0/06 9.2%1.14
F2 3.06 +0.1! 5.33+£0.021 | 501.10+2.00 | 0.64+0.1. | 98.6+:1Z
F3 3.11+0.1 543 +0.01' | 502.5+25 | 0.48+0.0. | 100.5+ 0.0
F4 3.46 £ 0.05 5.24+0.01]l 500.0+2.62 0.78£50.098.6 +2.05
F5 3.23+0.05 543+0.02p 503.3+2.26 0.54£0099.8+0.12
F6 4.36+0.11 516 +0.015 499.4+1.89 0.67£0198.5+2.02
F7 4.38 £0.02 5.55+0.006 502.20+1.f5 0.54%0.097.8+0.05
F8 3.53+0.0 5.36 £0.01! | 498.33+2.3 | 0.45+0.1 | 101.5+ 0.0
F9 3.63£0.0! 524 +0.01' | 499.5+1.2 | 0.64+0.00 | 99.4 + 10€
F10 3.11+£0.07 5.27+0.00p 500.1+2.33 0.72070. 97.3+0.15
F11 4.13+0.11 5.58+0.01p 501.9+1.66 0.5918(0. 102.3+ 0.06
F12 4.0+£0.10 5.26 +0.02p 502.4+2.06 0.68£0099.3+2.12

*n=10°n=20
Table 4. Post-compression evaluation
Formulation cod | FLT (Sec | FD (h)
F1 0 >24
F2 0 >24
F3 0 >24
F4 0 >24
F5 0 >24
F6 0 >24
F7 0 >24
F8 0 >24
F9 0 >24
F10 0 >24
F11 0 >24
F12 0 >24
n =3, FLT -floating lag time, FD - floating durath.
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Fig.3- In-vitro drug release profiles of formulations F1-F4
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Fig.4- In-vitro drug release profiles of formulations F5-F8
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Fig.5- In-vitro drug release profiles of formulations F9-F12
Table 5.Stability studies of optimized formulation(F5)
Parameters After30 days | After60 days| After90 days
Physical appearance No change No Chanjge No Change
Weight variation (mg + SD)| 500.33+2.36] 500.28+2.1 499.86 +1.b4
Thickness (mm + SB) 5.36 £ 0.015 5.38 + 0.021 5.42 +0.026
Hardness (kg/cm2 + SP) 3.53 £ 0.07 3.53+0.11 3.64 + 0.23
Friability (% + SDY 0.45+0.11 0.45 +0.08 0.45 +0.14
Drug content (%) 101.2+0.15| 101.12+0.32 100.96 +0.p1
Buoyancy lag time (set) 0 0 0
Duration of floating (h) >24 >24 >24

n=10,°n=20,°n=3
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3.5 Kinetic analysis of release data

To understand the rate and mechanism of drug efeas optimized tablet formulation, dissolutiont@savas fitted
into different release kinetic models. The modael thest fitted the release data was selected lmastte correlation
coefficientvalue (r2) obtained from various kinatiodels table 6. Correlation coefficients of optied formulation
F5 showed higher correlation with zero order plotd then value of Korsemayer-peppas equation &ifidicating
that drug transport mechanism is Non Fickian ditfos

Table 6. Different Kinetic Models for Diltiazem Hydrochloride Floating Tablets

Formulation code Zerorg)rder Flrstrcz)rder ng;chhl Korsemayrt;:-r- Peppas
F1 0.98¢ 0.991 0.997 0.99¢
F2 0.993 0.989 0.980 0.987
F3 0.996 0.993 0.972 0.995
F4 0.997 0.986 0.974 0.996
F5 0.991 0.974 0.987 0.992
F6 0.993 0.998 0.994 0.989
F7 0.98¢ 0.997 0.997 0.98¢
F8 0.979 0.993 0.998 0.972
F9 0.996 0.998 0.986 0.997
F10 0.991 0.994 0.988 0.998
F11 0.997 0.996 0.984 0.991
F12 0.993 0.983 0.958 0.990
Zero order HIGUCHI
100 y=6.175x+14.86 100
g1y 1E A
2 90 R?=0.991 T y=29.15x-16.41
o an ° R’ =0.987
< 80 % 80
€ 70 < 70
2 60 2 60
[a)
e 50 QS 50
g 40 g 40
‘-E 30 "g 30
g 20 E 20
S 10 3 10
0 0
0 5 10 15 0 1 2 3 i
Time (h) Square Root of Time
@ (b)
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Korsmeyar- peppas
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Fig.10 -Kinetic evaluation of optimized formulation(F5): (a) zero order plot, (b) Higuchi plot, (c) Korsmeyer-Peppas plot

CONCLUSION

The low density -based floating drug delivery systeas the promising system. The use of hydroplitid gel
forming polymers had its own advantages of maimgiintegrity and buoyancy of tablets. It coulddmnclude that
for proper floating and in vitro release nature andcentration of polymer is important. Formulatie® followed
zero order, Higuchi and Korsmeyer-Peppas releasstiks. The aim of Preparation of highly poroustigaeetentive
diltiazem hydrochloride tablets using a sublimatimethod was achieved.
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