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ABSTRACT

An attempt was made to prepare and optimize pr@dngelease nanoparticulate formulation for diltiaze
hydrochloride using bioadhesive polymer gelatindegolvation method, to deliver drug at a controltate to its
absorption window and thereby improve bioavailahiliOn the basis of screening studies amount ddtigeand
glutarlaldehde were selected for the optimizatitudg, using face centered central composite de€eD), with
o=1. The optimized formulation was evaluated for pimiogy, stability and X-ray imaging for in-vivoadwation of
the mucoadhesive property. The optimized nanopestievere found to be discrete and spherical in shap
Accelerated stability studies as per ICH guidelinegealed that there were no significant changésra& months.
The X-ray studies revealed even after 10 h, NP< wbiserved to be adhered in the gastric regiongesithe
mucoadhesive property of NPs delay influx at tHerpg. But the barium sulphate suspension (coninal} cleared
off completely from the stomach within 4 h. Theultsssuggest that the bioavailability of DiltiazeACl may be
enhanced due to the extended retention of mucom@heznoparticles in upper GIT.

Keywords: Optimization, mucoadhesion, nanopatrticles, gelgiiarmacokinetics.

INTRODUCTION

The oral route of drug administration is the mastwenient and commonly used method of drug delivkry to
their considerable therapeutic advantages suchass ef administration, patient compliance and ity in
formulation However, this route has several physiological potd, such as inability to restrain and locate the
controlled drug delivery system within the desiredion of the gastrointestinal tract (GIT) due #riable gastric
emptying and motility[1,2]. These difficulties hageompted researchers to design a drug delivetgsyshich can
stay in the stomach for prolonged and predictaleiéod[3,4]. Different methodologies have been régubiin the
literature to increase the gastric retention ofgdruike intra-gastric floating systems, hydro dymeally balanced
systems, extendable or expandable, microporous aampnt system, microballons, Bio/Muco-adhesiveesys,
high-density systems and super porous biodegradtghli® gel systenis

Diltiazem HCI (DTZ) is an antihypertensive agerdttntagonizes the action of beta-1 receptor. Dhgngiven
orally is well absorbed from the gastrointestimatt and is subject to an extensive first-passceffdeTZ undergoes
extensive metabolism in which only 2% to 4% of threhanged drug appears in the urine. Drugs whidhde or
inhibit hepatic microsomal enzymes may alter DTZpdsitiof. It has been reported that the absolute
bioavailability of DTZ when given orally is 30-40%he biological half-life of DTZ is 4-6 hour andetimain site of
absorption is proximal small intestineThe reduced bioavailability of DTZ may be becao$eransportation of
dosage form from the region of absorption windoveite where it is less absorbed. Therefore there avaeed to
increase gastroretention time of dosage form sodihay would be available at the site of absorptod results in
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improved bioavailability. Hence drug like diltiazemm considered as a suitable candidate for thegdesf
nanoparticulate drug delivery system with a vievintprove oral bioavailability and patient compli@nc

When mucoadhesive nanoparticles (NPs) are takemddyoute, the NPs will network with the Gl suraand build
up adhesive bonds with diverse elements of the saicdhis adhesive event may result in either: @) a
enhancement of the retention time of formulatiorcamtact with mucosa, (b) a confinement of fornialatin a
specified area of gut. Upon adhesion to the gutasacthese NPs would enhance transfer of drugetbltiod by a
several mechanism involving shielding of the drughim NPs against deprivation and establishes &g dru
concentration gradient favoring the absorption[8-9]

The conventional one variable at a time (OVAT) agh of formulation development has some pitféiks, being
exhaustive, expensive, and incompetent to disdluseactions. Additionally, the OVAT approach rasubnly in
“just satisfactory” solutions and one cannot essabfcause and effect” relationships by OVAT. Thestematic
optimization approaches reduce inconsistenciesgiwinicludes the utilization of appropriate expenitad¢ designs
along with the creation of mathematical equatioms graphical upshots, representing a full poréitariation of
the responses as a function of the factors is kreswDesign of Experiments (DoE)[10:1@ne of the techniques in
DoE which investigate pharmaceutical problems ilithleast number of experiments and results irc8efeof the
optimal composition for a formulation is Centralr@gosite Design (CCD). The objective of the preseotk was
to optimize mucoadhesive gastroretentive NPs of DAy application of DoE. Gelatin was selected as a
mucoadhesive polymer to prepare gastroretentived$Rbey strengthen the contact between the sisdbsdrption
and dosage form, in this manner reducing the lumififfusion pathway of the drug and lead to substn
improvements in oral drug delivery.

MATERIALS AND METHODS

Materials

DTZ was a gift sample from M/s Modern Laboratori®d. Ltd., Indore, India. Dialysis tubing’s (cuttdif2 kDa)
were procured from Sigma (USA). Gelatin and Plurdrié8 were purchased from HiMedia Laboratories Pid.,
Mumbai, India. All other solvents and ingrediensed were of analytical grade.

Experimental Design

Systematic optimization was done by selecting #sponse, finding the most significant factors astdldishing the
correlation between responses and factors by respsarface methodology (RSM). On the basis of sange
studies amount of gelatin and glutaraldehyde wetected for the optimization study, using face essd CCD
(with a=1), which allows assessment of curvature and mededesign to be rotatabté> A two factor, three level
designs was used to explore the RSM using DesigrefEsoftware (Trial Version 8.0.6, Stat-Ease IMIN). The
coded and actual values of the independent vagadieng with constraints for dependent variables given in
Table 1. As per the CCD matrix four factorial peinfour axial points and five replicated centempdormulations
were prepared. The amount of gelatin ¢X and glutaraldehyde ¢X used to prepare the formulations and the
subsequent results for dependent variables ara giv€able 2.

Table 1 Variables in Central Composite Design

Level used, Actual (coded)
Factors Low (-1) Intermediate (0) High (+1)
X1 = Amount of Gelatin (mg) 300 500 700
X2 = Amount of Glutaraldehyde (mL| 1.0 1.5 2.0
Dependent Variables Response Constraints
Y1 = Particle size (nm) Minimize (150-500)
Y2 = Polydispersity index Minimize (0.20-0.40)
Y3 = Entrapment efficiency (%) Maximize (45-60)
Y4 = Drug loading (%) Maximize (55-70)
Y5 =T60 (h) Maximize (9.0-15.0)
Y6 = Q6 (%) Minimize (14-30)
Y7 = Mucoadhesive strength (g) Maximize (7.0-12.0)

Where, T60: time required to release 60% of drug; @mount of drug released in 6 h.
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Table 2 Observed responses in CCD for Diltiazem HGlanoparticles

Batch Independent Dependent Variables
X4 (mg) X2 PS PDI BA (g) Q6 T60% EE DL
CCDF1 -1 -1 608.6 0.450 12.32 38.45 9.40 45.46 58.51
CCDF2 1 -1 220.8 0.302 8.45 16.01 14.50 49.15 61.04
CCDF3 -1 1 508.9 0.367 11.55 26.14 12.45 52.45 62.p1
CCDF4 1 1 446.2 0.530 7.21 13.94 15.50 42.02 57.51
CCDF5 -1 0 72-2.9 0.651 12.06 28.05 11.48 60.41 68.41
CCDF6 1 0 286.6 0.500 7.85 15.73 14.9y 56.62 60.45
CCDF7 0 -1 151.0 0.398 11.02 30.17 12.4D 44.45 53.47
CCDF8 0 1 764.5 0.738 9.01 16.14 13.7% 44.17 58.71
CCDF9 0 0 549.1 0.228 10.44 20.35 12.90 47.12 64.48
CCDF10 0 0 563.1 0.493 11.01 22.15 13.0p 52.87 58.99
CCDF11 0 0 544.1 0.210 10.04 21.17 12.9p 51.91 59.95
CCDF12 0 0 585.2 0.312 9.51 21.48 12.95 50.15 57.47
CCDF13 0 0 524.8 0.718 9.75 21.95 13.08 49.1 58.04

Where, X1: Amount of gelatin (mg), X2: Amount eft@hldehyde (mL).

Preparation of Nanopatrticles

Nanoparticles of DTZ were prepared by desolvati@thod as described by Coester et al. with slighdifivation.
Gelatin was dissolved in distilled water (50 mL)den gentle heating and DTZ (120 mg) was then adddtie
polymeric solution. Poloxamer 237 was then addedstabilizer and the pH of solution was adjusted (Y
hydrochloric acid or 1N sodium hydroxide). ThenrBQ of acetone was added at specified addition &fter 10
min of acetone addition glutaraldehyde was addedrfss-linking of nanopatrticles. After stirring fepecified time
the nanoparticles were purified by three fold déugation (15000 g for 30 min at 4°C) and redispersn 10 mL
mixture of acetone: water (3:7). The supernatarg mgnoved and the pellets were resuspended itiedistvater
and finally, the nanoparticles were freeze-dried stored in vialf .

Evaluation Parameters

Particle Size and Polydispersity Index

Average particle size (average particle size) aadigle size distributiorfpolydispersity index) were determined
using the zeta sizer (Zetasizer- ZEN 2600 Malverstrument Ltd., Worchestershire, UK) equipped wtitie
Malvern PCS software. For analysis nanoparticlesewdiluted five times with 0.45 um membrane filttre
bidistilled watef?,

Entrapment Efficiency

For determination of entrapment efficiency, the amaof drug present in the clear supernatant aietrifugation
was determined (w) by UV spectrophotometer at 28Y (WV-1700 Spectrophotometer, Shimadzu Scientific
Instruments, Inc. Maryland, USA). The amount ofgdii supernatant was then subtracted from the &tedunt of
drug added during the preparation %%/)Percentage drug entrapment was obtained by ésliogving equation

% Drug Entrapment = (W-w) x 100 / W

Drug Loading

The drug content in the nanoparticles was detemnihecrushing the drug loaded nanoparticles (10 fokgwed

by immersing them in 100 mL simulated gastric fl(®8GF, pH 1.2, without enzymes) with agitating 1& h at
room temperature. The drug concentration was détedrspectrophotometrically after filtration thrdug 0.45 um
membrane filter (Millipore) at the wavelength of 28m. The filtered solution from the empty nanojstes

(without drug) was taken as blank. The drug loadbb) was calculated according to the equation gikelow, all
samples were analyzed in triplickte

DL (%) = WD/WT x 100

Where, DL: drug loadingiVD: the weight of the drug loaded in the nanopasticl
WT: the total weight of the nanoparticles.

Drug Release Study

The in vitro drug release studies were performedlialysis membrane diffusion technique using gla®e of 10

cm length open at its both ends having 2.5 cm diamé&he dialysis membrane of 12,000 Mwco (Speptg
Sigma, USA) was used for release study, becaussains nanoparticles and allows free drug to défin the
release media. The lower end of the glass tube em®red with the pretreated membrane to keep the
nanoparticulate formulation on the donor side. maroparticles (equivalent to 10 mg of drug) weeeetl in donor
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compartment by dispersing in 3 mL of SGF (pH 1.Reve the drug was allowed to freely diffuse over ibceptor
compartment containing 100 mL of SGF (pH 1.2). HEmire system was kept at 37+0.5°C with continuous
magnetic stirring at 100 rpm. Samples of 5 mL weithdrawn at predetermined time intervals (0.52,14, 6, 9, 12,
15, 18 and 24 h) and replaced with fresh $&F The withdrawn samples were suitably diluted taycaut UV
Spectrophotometric analysis at 237 nm. The regilis-vitro drug release profiles of all the formulations were
fitted tgezzsero-order, first order, Higuchi’'s modeaid Korsmeyer-Peppas equation to establish theanésh of drug
releasé =~

Measurement of Bioadhesive strength

Mucoadhesive properties of nanoparticles were ewatl by Texture analyzer (M/s TA. XT. Plus, Stable
Microsystem, UK) using porcine gastric mucosa. fethod is based on the measurement of shear stepssed

to break the adhesive bond between a mucosal memltmad the formulation. The formulation is sandwith
between two mucosal membranes fixed on flexiblgoetts in the assemblies for a sufficient periodimie. After
the adhesive bond has formed, the force (weightlired to separate the bond was recorded as muesadh
strength. This parameter was used to compare mhesag: property of various formulations.

Stomach of pig was washed with fresh water to resrmn-digested food from stomach then placed in SGPC
(used within 6 h). The porcine gastric mucosal memé was then attached both to the stainless steké (using
dual side adhesive tape) and on the base of teanabyzer. Probe is then fixed to the mobile arnthef texture
analyzer. The 20 mg of nanoparticulate formulati@s placed on the membrane placed on lower sunfaigtened
with 2 mL of SGF. The mobile arm with attached meante was lowered at a rate of 0.5 mfustil contact with
the formulation was made. A contact force of 20aswnaintained for 300 s, after which the probe witisdrawn
from the membrane. After the adhesive bond hasddrrthe force of detachment (g) required to sepdtet bond
was recorded as mucoadhesive strefigth

Data Analysis

ANOVA provision accessible in the software was usedascertain the statistical validation of theypolmial
equations generated by Design ExPefthe data was considered statistically significmt-value was less than
0.05. Feasibility followed by grid searches wasriedr out to ascertain the compositions of the ojztuh
formulations. With the help of software program miom and maximum boundaries were set for acceptable
responses. In the next step region was highligivteetein all the responses are within acceptabli. [&m optimum

was located, within this area, by trading off diffet responses. Validation of derived polynomialagpns and
selection of optimized formulation was carries bytpreparation of five optimum checkpoint formuteis. The
percegotglge prediction error was calculated by coimgpaxperimental values of the responses withpiteslicted
values™".

Morphology

Morphology of optimized formulatioW AF3 was carried out by transmission electron nscopy (Hitachi, H-7500
Tokyo, Japan). The aqueous dispersion (one drop)pheed over a 400-mesh carbon coated coppefaiiadved
by negative staining (which provides high contiasthe electron microscope) with phosphotungstid @olution
(3% wlv, adjusted to pH 4.7 with potassium hydre)idAfter drying, the sample was viewed in the &tat
microscope where the NPs appear bright againstidinieer background of the stain. Digital Microgragid Soft
Imaging Viewer software were used to perform thage capture and analysis, including particle sizBganning
electron microscopy (SEM) of the optimized formidat was observed by JSM-6100 (Jeol Ltd. Tokyo, dapa
equipped with a digital camera at 25kV acceleratiolipge®.

Stability Studies

Accelerated stability studies of the optimized fatation VAF3 was carried out as per ICH guidelines at 30 +2
°C/65 5% RH and 40 +2 °C/75 5% RH. The samplesewmacked in aluminum foil packets. Samples were
Withggawn at 0, 3 and 6 months in triplicates areterassessed for particle size, PDI, drug conigpgnd Q (ICH,
2003".

In-vivo Mucoadhesion Studies

The in-vivo evaluation of the bioadhesive property of the ojatéd formulation was performed by X-ray radio
opaque studies using healthy msléstar rats weighing 220-300 g. The rats were separattedtivo groups each
having three animals. Before administration of destorm animals were fasted for the night with asce water.
NPs containing barium sulphate were prepared bgldatson method as applied for the optimized foratioin by
replacing drug with barium sulphate. The quantifyircorporated barium sulphate was detectable imnay-
photographs. First group of rats was ingested @ithL of plain barium sulphate suspension and sgooup was
ingested with nanoparticulate formulation contagniarium sulphate with 2 mL of water by using diedding
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needle. The Gl transit behavior of the formulatievere observed by taking X-ray photographs at blatéime
intervals using fluoroscopy (low energy X-rays, rB@ns Fluorovision, Germany). The rats were anatiatiteby
chloroform and placed on a kappa board, at 20 aoneakthe film. The X-ray camera (model DM100p, Donugim
Korea) was placed 1 m above the film cassette &pdsed for 0.05 s at 40 kVp. Film development wasied out
by using Direct Digitizer Regius Model 110 (Konikéinolta Medical & Graphic, Inc., Tokyo, Japan) witlmage
Pilot software (Konica Minolta Medical Imaging Indew Jersey, USA). This technique provides a neasive
method for tracking the nanoparticulate formulatidithin the” GIT **%.

RESULTS

Model Generation
For fitted model the experimental response mightepeesented by the following regression equation:

Y - BotBiX1+BoXo+BaX 1 Xo+BaX [+BsX5+BeXiX+B-X X5 (1)

Where, Y is the measured response associated adth factor level combination;oBs an intercept; Bto B; are
regression coefficients computed from the obsemsqubrimental values of Y from experimental rungg a8 and
X, are the coded levels of independent variablgX;,Xnd X (i = 1 or 2) represent the interaction and polyi@m
terms, respectively,

Response Surface Analysis

Three dimensional response surface plots for thaptgcal optimization of DTZ loaded mucoadhesive
nanoparticulate system are shown in Fig. 1, whiddilifate understanding of the contribution of thaiables and
their interactions on the responses.

Fig.1. Response Surface Plots Showing the InfluenoéGelatin and Glutaraldehyde on response variabke

Validation of Optimization Analysis

For all of the five checkpoint formulations, thesuéis of the evaluation for particle size, PDI, EH,, Tgo, Qs and
BA were found to be within limits as shown in Tal8e The validity of generated regression equatioas
evaluated by determination of percentage predictioor.
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Table 3 Composition of check-point formulations, eperimental results with predicted responses

Composition
Gelatin (mg)/ . ) Percent
Iz:oor(rjne. Glutaradehyde Response Pr\?;'g;ed Expsgmsntal error
mL) (bias)
Coded Actual
Particle size 346.4 354.1 2.223
PDI 0.39 0.47 20.513
0.64/- Q6 18.3 18.18 -0.656
VAF1 0 20 628.0/1.4 | T60% 14.1 14.6 3.546
' % Entrapment efficiency 52.3 55.1 5.354
% Drug loading 58.9 60.1 2.037
Bioadhesion study 8.90 9.10 2.247
Particle size 297.9 272.0 -8.694
PDI 0.39 0.361 -7.436
0.76/- Q6 17.6 17.54 -0.341
VAF2 0 32 652.0/1.34| T60% 14.3 145 1.399
' % Entrapment efficiency 52.9 51.4 -2.836
% Drug loading 59.2 56.9 -3.885
Bioadhesion study 8.70 8.85 1.724
Particle size 2394 240.5 0.459
PDI 0.43 0.393 -8.605
0.92/- Q6 15.8 15.96 1.013
VAF3 0 60 684/1.2 | T60% 145 15.0 3.448
' % Entrapment efficiency 53.1 56.4 6.215
% Drug loading 60.2 58.7 -2.492
Bioadhesion study 8.46 8.34 -1.418
Particle size 399.9 384.3 -3.901]
PDI 0.368 0.389 5.707
0.10/- Q6 23.55 23.65 0.425
VAF4 0 38 520/1.31 | T60% 12.95 12.8 -1.158
' % Entrapment efficiency 49.9 52.4 5.010
% Drug loading 58.12 62.15 6.934
Bioadhesion study 10.3 9.9 -3.883
Particle size 354.6 366.5 3.356
PDI 0.35 0.38 8.571
0.09/- Q6 24.58 24.91 1.343
VAF5 0 50 518/1.25 | T60% 12.86 12.68 -1.400
' % Entrapment efficiency 55.41 57.45 3.682
% Drug loading 57.41 60.15 4.773
Bioadhesion study 10.42 10.9 4.607|
Total % Error 2.91
Mean 0.194
Std. Deviation 4.646
+SEM 1.200

In-vitro Release Studies

Comparison of drug release profile of differentnioitations was carried out by determination gf (fime for 60%
of the drug to be released) angl @umulative percent drug release in 6 h) valuée felease profiles of DTZ from
check point formulations are shown in Fig. 2. Thechranism of drug release was determined by liregnession
analysis ofin-vitro dissolution data subjected to zero order, firsteokinetic equation, Higuchi’'s and Korsmeyer-
Peppas model.
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Cumulative Percent Drug Release

0 5 10 i3 20 25
Time (h)

Fig.2. In-vitro release profiles of the check point formulations

Optimization
The formulation VAF3 was chosen as optimized fomtioh depending upon the condition of attaining the
minimum PS and percent error.

Morphology of Nanoparticles

Morphology of the optimized formulation VAF3 wassaoved by TEM (H-7500; Hitachi Ltd., Tokyo, Japaat)
30,000x magnification as shown in Fig. 3. The stefand inner part of the optimized formulation VA®R@re
observed via scanning electron microscopy JSM-GIl@0I Ltd. Tokyo, Japan) equipped with a digitaineaa at
25kV accelerating voltage as shown in Fig. 4.

Print Mag: $2000% §7.0 in 00 ne
FEM Mode: Tmaging (LT

Fig.3. TEM (30000x) of optimized formulation (VAF3)

Fig.4. SEM (30000x) of optimized formulation (VAF3)

Stability Studies
Accelerated stability studies of the optimized fatation VAF3 were carried out as per ICH guidelirm¢s30°
2°C/65 + 5% RH and 40° + 2°C/75 + 5% RH for 6 menifhe samples were tested for PS, PDI, assgwnt Q at
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0, 3 and 6 months. Statistical analysis was perdrion the data obtained by using ‘t’ test and datashown in
Table 4.
Table 4 Stability studies of optimized formulationVAF3

Storage Storage Period (Months) (r:)nsw) PDI A(ﬁ/(s))ay (1(;/3 (?1;
300 + 29C 0 240.5+10.4| 0.393+0.04 100.00+1.86 15.00+0|53 G0N
é 3 238.3+15.4| 0.425+0.06 98.31+2.10 15.65+0|85 5#0@B4
65 + 5% RH 6 245.5+11.4| 0.431+0.1( 97.11+1.90 16.01+0{79 H¥B!
B t value (ns) 0.561 0.611 1.883 1.839 1.804
40° + 29C 0 240.5+10.4] 0.393+0.04 100.00+1.86 15.00+0(53 9@#0.35
8: 3 246.4 £12.4| 0.434+0.09 97.49+2.15  16.00+0/48 (15
75 + 5% RH 6 248.5+9.45| 0.447+0.11 95.9842.54  16.23+1{45 a£28I5
B t value (ns) 0.986 0.799 2.212 1.380 1.628

Data expressed as mean £SD (n = 3); ns = statidifiaaot significant (p<0.05), table value of ‘two tailed) was 2.776 (DF = 4).

In-vivo Mucoadhesion Studies

The results foin-vivo mucoadhesion studies d¥istar rats after oral administration of barium sulphstispension
(control) and bioadhesive NPs are shown in Figa)safd (b) respectively. X-ray images of rats waken prior to
the administration of the NPs to verify that thesetved opaque substance in the stomach of ratsetadue to
some foreign matter already existed in the stomach.

a

(a) (b)

Fig.5. X-ray images for (a) Barium sulphate suspeisn (Control) (b) Bioadhesive nanoparticles after mal administration to rats

DISCUSSION

From response surface methodology it was obsehagdorticle size increases maximum at intermediéatel and
decreases at higher level of polymer and glutangkehThe value of particle size decreases withemse in
concentration of gelatin at all levels of glutaetigde (maximum effect at lower level), which may dwge to
formation of small droplets of polymeric systemdyef final cross linking. With increase in the comication of
gelatin the value of PDI decreases, while increag#s increase in the level of glutaradehyde. Auvdo level of
glutaraldehyde PDI decreases with increase in patyooncentration while at intermediate and higlexel of
glutaraldehyde the change in PDI is minimal witbr@ase in polymer concentration.

The entrapment efficiency first decreases and iheneases as the polymer concentration is increstdesv level of
glutaradehyde, at intermediate level of glutarajdiehthere is slight decrease initially with increda gelatin
concentration. The value of entrapment efficiericst increases and then decreases as glutaradebydentration
is increased. The drug loading first decreasestl@d increases as the polymer concentration ig&sas at low
level of glutaradehyde, at intermediate level aitataldehyde there is slight decrease initiallyhwitcrease in
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gelatin concentration and at higher level the efflees minimal. The value of drug loading first ieases and then
decreases as glutaradehyde concentration is imctestslower level, increased at intermediate lerel minimal
effect at higher level of gelatin.

The Teoe iNcreases as the polymer concentration is incceasall levels of glutaradehyde The value gfylalso
increases as glutaradehyde concentration is inedeaslower, minimal effect at intermediate andhkiglevel of
gelatin. This may be attributed to release retgrgiroperty of gelatin and cross-linking effect ditgradehyde. The
Q6 decreases as the polymer concentration is isedeat all levels of glutaradehyde The value ofa(36 increases
as glutaradehyde concentration is increased atrlane intermediate level with very less effect ihler level of
gelatin. This also may be attributed to releasarditg property of gelatin and cross-linking effetglutaradehyde.
The bioadhesion decreases as the polymer condentiatincreased at all levels of glutaradehyde Vakie of
bioadhesion also decreases as glutaradehyde comttamtis increased at all level of gelatin whickhyrbe due to
cross-linking effect of glutaradehyde.

From the data of Table 3 it was observed that altsqercentage bias for the response variablesnhe range of
-8.69% to 8.57 (Except error of PDI for VAF i.60.21%), whereas the extent of overall percent ptiedi error
was less, i.e.,, 0.194 + 1.20. The low magnitudesewbrs demonstrated the high prognostic capabdity
optimization technique (CCD).

It was observed from thia-vitro drug release data that validation formulationgldiged zero order drug release
kinetics as zero order plots were found to beyfdirear as indicated by their high regression gal(R values in
the range of 0.959 to 0.981) than first order plBiig release data fitted well {Ralues in the range of 0.852 to
0.937 to Higuchi's equation indicating drug releagediffusion mechanisnThe Korsmeyer-Peppas equation slope
(n) values were in the range of 0.797 to 0.8825G:4n = 0.89) indicated drug release by non-Fickramsport
(anomalous transport). These data reveal thatseseaf DTZ from prepared formulations were founébtiow zero
order release kinetics with non-Fickian diffusioeahanisni®>°

The optimized formulation VAF3 was having PS of Z46m, PDI of 0.393, EE of 56.4%, DL of 58.7%4, T
wasl15.0 h, @was 15.96% and BA was 8.34 g.

The TEM characterization revealed that the nanapest are discrete and spherical in shape. Howes@me
variation in size distribution was observed in M, which might be attributed to an uncontrolledss-linking
occurring during the formation of nanoparticlesMsEhowed some fragments on the surface of nanecfeatwith
no agglomeration or aggregation.

From the data of table 4 it was observed that dpéch formulation VAF3 shown minor aggregation of
nanoparticles arisen which resulted in insignificase in average size of NPs and thereby chan§®in For all the
parameters ‘t’ values calculated after six monthstorage at both storage conditions were lessnagdiie table
value of 2.776 (p<0.05). These results indicat¢ dluiaing storage at 30° + 2°C/65 + 5% RH and 4@°G/75 + 5%
RH for 6 months there were no significant change®$8, PDI, assay and dissolution profile of theimiged
formulation VAF3.

It was observed that the barium sulphate suspeis@nirol) was cleared off completely from the sémmm within 4
h as observed in Fig. 5 (a). But most of the biesdre NPs were in the stomach for about 2-4 hofadd by
passage of some NPs into the upper intestinal whete they stayed for about 2 h, followed by jejunand ileum
up to 2-4 h and subsequently in colon during th@opeof study as shown in Fig. 5 (b). After 10 haafministration,
NPs were observed to be adhered in the gastrionegince the bioadhesive nature of NPs delay extttlyge lower
part of GIT.

CONCLUSION

In the present study, gastroretentive mucoadhekiPs of DTZ were prepared by desolvation method and
successfully optimized by CCD. The statistical nisdgnerated for the experimental design were fdaarie valid

for predicting the values of the response parametteselected values of the formulation factordiwithe design
space.In-vitro drug release studies demonstrated that optimizedulation resulted in sustained release of drug
over a period of 24 h, by non-Fickian diffusion haoism with zero order release kinetics, indicatingg release

by both polymer relaxation and diffusion of drugrfr hydrated matrix. The optimized NPs were discseteerical
NPs and accelerated stability studies (as per IGidedines) concluded that the optimized formulatiéhF3 was
stable during 6 months of study period. From thgults of X-ray studies, it was concluded that thimized
formulation was retained in the stomach and upet of small intestine for an extended time andsthid in
absorption of drug at its absorption site. Therojed formulation may give considerable biomedtathefits over
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conventional tablet formulation. Hence, prolongelkase nanoparticulate formulation for DTZ sigrsifee practical
approach for targeting release of drug at its giismr window, sustaining release of drug and insirga
bioavailability.
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