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ABSTRACT

The goal of the present study was to develop difiganutiparticulate drug delivery system
based on gas formation technique, in order to pnglthe gastric residence time and increase
the overall bioavailability of the drug from dosafggm. The system consists of the core pellets
which are coated with three different layers, infeyer of drug, middle layer of effervescent
material alongwith binder polymer (sodium bicarla¢e) and an outermost of gas-entrapped
sustained release polymeric membrane (Eudragit®@®RIRLPO). The time to float increased
as the coating level of gas-entrapped polymeric brane increased. The optimum system could
float completely within 2 min. and maintained theyancy over a period of 24 h. The drug
release was sustained and linear with the squacg aof time. Increasing coating level of gas-
entrapped polymeric membrane decreased the drugasel Both the rapid floating and the
sustained release properties were achieved inldatifg multiparticulate drug delivery system
developed in this current study.
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INTRODUCTION

The ultimate goal of any drug delivery system i$edive disease/disorder management,
minimum side effects and greater patient compliaincéhe cost effective manner. The drug
therapeutic indices could be maximized while indicé adverse reactions or side effects could
be minimized by regulating the drug release in bwdg well-defined controlled manner. This
would eliminate the haphazard and uncontrolled dlgasma profiles of drugs usually
associated with conventional dosage fo@astro retentive dosage forms, i.e. those designed
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exhibit a prolonged gastric residence time (GRTNehbeen a topic of interest in terms of their
potential for controlled drug delivery

Gastric residence time (GRT) is one of the impdrtaators affecting the drug bioavailability of
pharmaceutical dosage forms [8]. Variable and slyagtric emptying time can result in
incomplete drug release from the drug deliveryeaysabove the absorption zone (stomach or
upper part of small intestine), leading to a dirsiv@d efficacy of the administered dose [6, 11].
Floating drug delivery system (FDDS) is one of gastentive dosage forms which could
prolong GRT to obtain sufficient drug bioavailatylil, 2, 25]. The system basically floats in
the gastric fluid because of its lower bulk densitynpared to that of the aqueous medium.

FDDS is desirable for drugs with an absorption windn the stomach or in the upper small
intestine [16, 18]. It is also useful for drugs tthact locally in the proximal part of
gastrointestinal (Gl) tract such as antibiotic aaistration for Helicobacter pylori eradication in
the treatment of peptic ulcer [2, 7, 23, 26] anddiugs that are poorly soluble or unstable in the
intestinal fluid [13]. Most of the floating systenpseviously reported are single unit systems
such as tablets and capsules. A drawback of thasenss is the high variability of the Gl transit
time due to their all-or-nothing emptying procesges 13, 14, 21, 22, 23]. On the other hand,
the multiple-unit dosage forms may be an attractiNernative since they have been shown to
reduce the inter- and intra-subject variabilities drug absorption as well as to lower the
possibility of dose dumping [4, 5, 24]. Various mmle-unit floating systems have been
developed in different forms and principles suchamscompartment multiple-unit system [11],
hollow microspheres (microballoons) prepared byaimeilsion solvent diffusion method [13, 17,
18], microparticles based on low-density foam pawf{0], beads prepared by emulsion—
gelation method [19, 22]. Use of swellable polymamsl effervescent compounds is another
approach for preparing multiple-unit FDDS [12].

In this study, a new multiprticulate FDDS basedyas formation technique was developed. The
nonpareils were loaded with drug by solution laygriechnique followed by coating of the
pellets with effervescent component (sodium bicade) using hydroxypropyl methylcellulose
(HPMC) as a binder and polymeric membrane of (EgittaRSPO and RLPO) as a sustain
release membrane respectively, various ratioseREPO: RLPO were used. Carvedilol, which
is highly absorbed in the upper part of Gl trachsveelected as a model drug. The effect of the
preparative parameters, e.g., type, blend ratiocaading level of the gas-entrapped polymeric
membrane, on the floating ability and drug relgaegperties of the multiparticulatet FDDS were
evaluated.

MATERIALS AND METHODS

2.1. Materials

Carvedilol as a gift sample was obtained from Aurdb pharmaceuticals Ltd. Hyderabad, and
was used as a model drug in the present study. &eipseeds were procured from Murli
Krishna pharma Pvt. Ltd, Ranjangaon, PURBMC (Methocel® E15LV) was obtained as a gift
sample from Dow Chemical, Mumbai. The gas-entrappetymeric membrane used were
polymethacrylates (Eudragit®) RLPO, RSPO were oletifrom Rohm Pharma polymers,
plasticized with diethyl phthalate (DEP), a watesdluble plasticizer procured from Eastman
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Kodak Co., NY, USA, Sodium bicarbonate (Sodium thoaate) was used as an effervescent
agent with plasticized with polyethylene glycol 4BEG 400) as a binder were procured from S
D Fine Chemicals, Pune. All other reagents use@ weanalytical grade.

2.2. Preparation of the multiparticulate FDDS

Table No. I. Blend ratio for preparation of coating solution for RSPO: RLPO

Coatin Plasticizer Polymer blend ratio Talc
Sr. No I?:act’tglg Weightg Conc. gm (%) gm éf;’%
gain mg (% wiw) RSPO RLPO (% wiw)
1 la 10 % 600 (10%) 6 (100%) 0(0%) 350%) | 100
2 1b 15 % 600 (10%) | 6 (100%) 0(0%) 3 (50%) | 100
3 1c 20 % 600 (10%) | 6 (100%) 0(0%) 3 (50%) | 100
4 2a 10 % 600 (10%) 4.5 (75%) 1.5(25%) 3 (50%) 100
5 2b 15 % 600 (10%) 4.5 (75%) 1.5(25%) 3 (50%) 100
6 2c 20 % 600 (10%) 4.5 (75%) 1.5(25%) 3 (50%) 100
7 3a 10 % 600 (10%) 3 (50%) 3(50%) | 3(50%) 100
8 3b 15 % 600 (10%) 3 (50%) 3(50%) | 3(50%) 100
9 3c 20 % 600 (10%) 3 (50%) 3(50%) = 3(50%) 100
10 4a 10 % 600 (10%) 1.5 (25%) 4.5 (75%) 3 (50%) 100
11 4b 15 % 600 (10%) 1.5(25%) 4.5 (75%) 3 (50%) 100
12 4c 20 % 600 (10%) 1.5 (25%) 4.5 (75%) 3 (50%) 100
13 5a 10 % 600 (10%) 0(0%) 6 (100%) = 3(50%) 100
14 5b 15 % 600 (10%) 0(0%) 6 (100%) | 3(50%) 100
15 5¢c 20 % 600 (10%) 0(0%) 6 (100%) 3 (50%) 100

2.2.1 Preparation of Carvedilol drug layered pellet

Solution layering technique was selected to loagydm the nonpareil seeds (NPS). NPS were
dried at 60-70 °C for 1-2 hours in hot air ovendbefdrug layering and sieved through mesh
no.16 & 18 respectively to get the desired siz&81L.00mm). 50gm pellets were loaded onto
conventional coating pan of 8 " diameter. The sotubf Carvedilol was prepared, containing 20
% of overages in Methanol: Ethanol (20:80) & thpraged on the bed of nonpareil seeds using
a pilot type of spray gun, fitted with a 1mm atomg nozzle (Pharma R & D Coater). After
completion of this process, drying of drug loaddéS\was done, drug loaded pellets were dried
at 50-60°C for 1-2 hours in hot air oven.

2.2.2. Coating effervescent layer on the drug loadepellets.

The drug loaded pellets were coated with two swseeslayers; an effervescent substance
(sodium bicarbonate) as an inner effervescent Jayed polymer blend layer (Eudragit® RSPO
andRLPO) as an outer gas-entrapped polymeric membran effervescent agent was
incorporated into HPMC solution plasticized with @00 (10%, w/w based on the solids
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content of HPMC) and then layered onto the drugédapellets. On dry solid basis, the ratios of
sodium bicarbonate to HPMC was 8:2 w/w. The coaliwvgl of effervescent layer was made up
to 12% weight gain was obtained over drug loade®& NP

The coating solution was sprayed onto the drugddaakllets in a Pharma R & D Coater. The
conditions for layering were, bead charge - 50rghpating temperature - %0 preheating time

- 15 min, inlet temperature - 8D; outlet temperature 40-43; atomizing air pressure, 2 Ibfin,
spray rate - 0.7 ml/min and pan speed of 20rpme. $bdium bicarbonate layered pellets were
dried in the same coating pan for 30 min afG@o evaporate the residual moisture. The
prepared pellets were then removed from the coafiragmber and stored in a closed container
for further experiments.

The Sodium bicarbonate layered pellets were sulesglyucoated with polymer blends of
Eudragits RSPO: RLPO at varied concentration (100®25, 50:50, 25:75 and 0:100) of
polymer blend to achieve a weight gain of 10%, 1&8d 20% (w/w) respectively. Required
guantity (usually 6%w/v found to be optimum duevigcosity restrictions for spraying) of RSPO
and RLPO was dissolved in sufficient quantity ofamic solvent (Isopropyl alcohol) separately
and Dibutyl pthalate (DBP) hydrophobic in naturesvelected as plasticizer was dissolved in
organic solvent (Isopropyl alcohol) separately. Shevo solutions were mixed using high speed
stirrer, and were allowed to equilibrate with pieiger for overnight. Talc was added to
polymeric solution at a concentration of 50% w/waaantitacking agent prior to coating on drug
loaded pellets. To obtain the complete multipalétaiFDDS, the coating solution was sprayed
onto the effervescent layered pellets in a PharndalRCoater.

The coating conditions were: bead charge - 15 ehemating of pan at - 80, preheating time -
15 min, inlet temperature, 4&; outlet temperature, 40—4€; atomizing air pressure, 2 Ibfin
spray rate, 0.5—-1 ml/min and pan speed of 20rpre. gdilets were further dried in the coating
chamber for 1 hr. after the coating was finishednder to evaporate the residual solvent in the
polymeric coatings prior to storage.

2.3. Evaluation of the multiparticulate FDDS

2.3.1.Friability

Friability of all pellet formulations was determuhéby using USP friability test apparatus.
Friability of the pellet formulations was evaluateder 5 gm of samples in Roche Friabilator at
25 rpm for 4 minutes. Prior to and following thesttethe weights of the formulation were
accurately recorded and the friability ratios weatulated with following equation.

Percent friability (% F) was calculated as follows,

%F=Luﬂm“nag]ﬁx

A loss of less than 1 % in weight is generally ¢desed acceptable for functional coating.
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2.3.2 Bulk Density and Tapped Density:

A quantity of 5 gm of Pellets of each formulatiomsvpreviously lightly shaken to break any
pellet agglomerates formed. This quantity was ohiced into a 10 ml measuring cylinder. The
pellets were carefully leveled without compactimgand the apparent volume was measured
(Vo). Then cylinder containing sample was tapped u$aqg density tester (Veego) for 500 times
and the tapped volume was measured to nearestagealdunit. LBD and TBD were calculated
using the following formula:

LBD = Weight of the pellets / Volume of packing
TBD = Weight of the pellets / Tapped Volume of ffeeking.

2.3.3 Hausner ratio:
It provides an indication of the degree of denatiien which could result from vibration of the
feed hopper.

Hausner ratio =  Tapped density/ Bulkgity
Lower the Hausner ratio better is the flow property

2.3.4 Compressibility index:
The compressibility of the granules was determimg@arr’'s Compressibility Index:

Carr’'s compressibility index (%) = [(TBD-LBD) X 100 TBD

Where, TBD (Tapped Bulk Density or Tapped Density),
LBD (Loose Bulk Density or bulk Density)

2.3.5 Content uniformity of coated pellets:

Drug content of different formulations of the cahfeellets was estimated in triplicate. 50 mg of
the coated pellets were weighed and crushed inamand was transferred to 100 ml volumetric
flask. To it, 100 ml methanol was added. The sotutivas stirred for 1 hr. and filtered through
Whatman filter paper no.41, after suitable dilutidhe drug content was determined
spectrophotometrically at 243 nm.

2.3.6 Scanning Electron Microscopy (SEM):

The shape and surface characteristics of the peNete investigated and photographed with
help of scanning electron microscopy (JEOL and Bokyapan JSM-6360, Department of
Physics, University Pune). Pellets Surface wasuatatl before and after coating, at 40X, 45X,
100X & 350 X magnifications.

2.3.7. Floating ability

The floating abilities of the coated effervesceayelred pellets, were determined using 250ml
beaker containing 50ml 0.1N HCI. Twenty pellets evptaced in the medium; the time required
to float and duration for how long they remain ating (floating time) were measured by visual
observation. The percentage of floating pellets @adsulated by the following equation:
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Floating pellets
(FT %) = number of floating pellets at the meadure / Initial number of the pellets x 100

2.3.5. Dissolution study

The USP type-Il (rotating basket) dissolution tegiaaatus (Veego scientific DT 6D). was used to
study the drug release from the multiparticulateDEDat 37.0+0.5C, 50 rpm using 900 ml of
0.1N HCI. 20 mg equivalent weight of carvedilol Iped were used for dissolution study.5 ml
aliquot of the dissolution medium was withdrawrpegdetermined time intervals of 0.5 hrs and
was replaced by equivalent amount of fresh mediapt t same temperature, aliquot solutions
were filtered through Whatman filter paper no.-Zhe filtrates were analyzed by UV- visible
spectrophotometer at 241 nm. Percent drug relemsdde sample was determined from the
standard calibration curve and cumulative perceng dlissolved was calculated using PCP
Disso v2.08 software. The study was performedipticate for each formulation.

RESULTS AND DISCUSSION

3.1.Design of multipleparticulate FDDS

Fig. | shows the design of multipleparticulate FDDS. Ti&tesn consisted of core pellet coated
with drug, effervescent layer and gas-entrapped/mpetic membrane, respectively. Since
sodium bicarbonate itself could not adhere ontoctire pellets, HPMC was used as a binder in
the inner effervescent layer. An ideal coating makdor a floating system should be highly
water permeable in order to initiate the effervasaeaction and the floating process rapidly.
However, the wet or hydrated coatings should aésoripermeable to the generated CO2 so as to
promote and maintain floatation. Regarding theichamical properties, the polymeric coatings
should be sufficiently flexible in wet state to &kle to withstand the pressure of the generated
gas and to avoid rupturing. According to these arasthe higher flexibility polymer, an non
aqueous polymer blend (Eudragit® RSPO:RLPO), wassem and investigated as a gas-
entrapped polymeric membrane in this study.

Core Pellet

Drug Layer

Effervescent layer

Gas-entrapped polymeric membrane

Fig. I. Design of multiple-unit FDDS

Upon contact with the gastric fluid, the fluid p&nages into the effervescent layer through the
outer polymeric membrane. Carbon dioxide was litgetavia neutralization reaction and was
entrapped in the polymeric membrane. After thag ¢fwollen pellets (like balloons) with a

density less than 1.0 g/ml and start floating bymaning the buoyancy. Therefore, the drug
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was released from the system for a long time. Tweld@ the multiparticulate FDDS based on
gas formation technique, several studies were sacgdo identify the formulation variables
providing the desired system properties, rapid egjme and formation of low-density system
within minutes after contact with gastric fluidsdamaintaining the buoyancy in stomach with
sustained release. The effect of the preparativenpeters such as type and coating level of the
polymeric membrane, on the floating ability andginelease of the multiple-unit FDDS were
evaluated.

3.2. Pellets characterization

The bulk density values for RS:RL blend formulatomas found to be in the range of 0.7748
gm/cn? to 0.8048 gm/crhwhereas tap density values was found to be inrdhge 0.8063
gm/cntto 0.9192 gm/crh The values for angle of repose, Hausner ratimpressibility index
were found to be in good correlation indicatingttial formulation possess excellent flow
property which confirmed free flowing nature of tbeated pellets. The results of the content
uniformity for RS:RL polymer blend formulations wésind to be in the range 95.80 + 0.01 %
to 98.37 = 0.014 %.The friability of the formulatiovas 0.17+0.04%. This indicated that the
core pellets were quite hard and able to withstdoed mechanical stresses of the subsequent
coating process. Fig. ll(a) shows the appearanddeoexternal morphology of the core pellet
under SEM. The core pellets were spherical agglatesrwith a slightly rough surface. The
surface of the effervescent-layered pellet wash#ligsmoother (Fig. (b)) and the smoothest
was the surface of effervescent-layered pelletezbatith polymeric membrane (Eudragit®
RSPO: RLPO) (Fig. llI(c).

(b)

Fig. Il. Scanning electron micrographs of the surfaes of the core pellets, effervescent
layered pellet (HPMC:NaHCO3; 2:8 w/w) and effervesent-layered pellet coated with
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Eudragit® RSPO: RLPO magnification 100x. Key: (a) ore pellet, (b) effervescent-layered
pellet, and (c) effervescent-layered pellet coatesith Eudragit® RSPO: RLPO

Fig. lll. Scanning electron micrographs of cross setional area of optimized formulation.

The coating layer of the pellet formulations weleserved with the cross sectional observation
of pellets with SEM, showing the core in the certed outer three coating layers levels towards
the outside as shown. (Figure No. IlI)

3.3. Floating ability
Table No. II: Floating characteristics of pellets

Code Floating lag time(Minutes) Floating Time (Hrs)
la >60 ~1.5hr
1b >60 ~1.5hr
1c >60 ~1.5hr
2a ~1 >24hr
2b ~1.5 >24hr
2c ~2 >24hr
3a ~1 >24hr
3b ~1.5 >24hr
3c =2 >24hr
4a ~0.5 >24hr
4b ~1 >24hr
4c ~1 >24hr
5a ~0.5 >24hr
5b ~0.5 >24hr
5c ~0.5 >24hr

The floating ability of the effervescent-layeredligts coated with polymeric membrane
(complete multipleparticulate FDDS) were investightin respect to ratio and level of the
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polymeric coating. The system should float in a fenmutes after contact with gastric fluid to
prevent the dosage form from transiting into thealsnmtestine together with food [11]. The
coating level of effervescent layer was kept camtssd 12% (w/w). The prolonged floating time
in the pellets layered with lower amount Sodiumabionate was attributed to higher amount of
HPMC which possessed higher entrapment capacitiyeofenerated CO2. The floating time of
only effervescent-layered pellets was quite sheds(than 0.5 h) because HPMC dissolved and
there was no polymeric membrane which could entih@pgenerated CO2 gas. Therefore, the
complete multiparticulate FDDS (effervescent-lagepellets coated with polymeric membrane)
was prepared and evaluated for floating abilityeri8ls of Eudragit® RSPO and RLPO were
used as polymeric membrane. The multiparticulateDEDusing Eudragit® RSPO: RLPO
(75:25) with 15% of weight gain for polymeric merabe floated completely within 1 min. The
time to float of the systems increased with indregasevel of polymeric membrane coating and
with increasing level of Eudragit® RSPO due to thedayed water penetration through the
matrix coating. The duration of floating was longlean 24 h. It was indicated that Eudragit®
RLPO polymeric membrane was impermeable to the rgéed CO2 and could maintain the
floatation. The multiparticulate FDDS systems cdavdth Eudragit® RSPO: RLPO (100:0)
blend as polymeric membrane, floats only for 1.@lth coating level (10%, 15% and 20%
weight gain). Eudragit® RSPO might not be permeableugh for dissolution medium to induce
the effervescent reaction and generate sufficiembuet of CO2 to make the pellets floated.
Eudragit® RLPO is a highly water permeable polynaecording to its higher quaternary
ammonium groups, in the structure [3, 10] and igerfoydrophilic than Eudragit® RSPO. It
therefore hydrated faster and resulted in a shoitee to float [15]. Based on these results,
Eudragit® RSPO: RLPO blends (75:25) was the polyirlend of choice as gas-entrapped
membrane in this multiple-unit FDDS

3.4. In vitro drug release characteristics
The release of carvedilol from the insoluble matcore pellets may be described by the
following equation:

Mt/Mow =Kt 1/2

where Mt/Mo is the percentage of drug released at time t amsl & release constant which
reflects: (a) the shape of the matrix, (b) the rimaé structure of the matrix as it affects the
tortuosity and porosity of the matrix and (c) theugl concentration and solubility [9]. It is
applicable if the release of drug is largely goeerby diffusion through water-filled pores in the
matrix.

Fig. IV. shows that the release of carvedilol frtime effervescent-layered pellets coated with
Eudragit® RSPO:RLPO as polymeric membrane confdotsy. with the correlation coefficient
(r2) of more than 0.97 in each case. The drug seled the effervescent-layered pellets coated
with Eudragit® RLPO was lower than that of the uatedl effervescent-layered pellets because
the polymeric membrane retarded the water penetraktirough the effervescent-layered cores.
The drug release tended to increase with increasimgunt of Eudragit® RLPO in polymer
blend. The effects of polymer blend type and capatlavel on drug release were also
investigated.
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Fig. IV. The release of carvedilol from effervescdrayered pellets coated with Eudragit®

RSPO: RLPO (a)100: 0, (b)75:25, (c) 50:50, (d)25:7&)0:100 as polymeric membrane in

0.1N HCI, plotted as the cumulative percentage ofrdg released vs. time. The means of
triplicate data are plotted.

Fig. 4 shows drug release results of multiprticulate FDDigh various types of blends of

Eudragit® RSPO: RLPO. The drug release decreastdingreasing level of polymeric coating

from 10 to 20%. The higher membrane thickness dethrwater penetration, resulting in
decreasing drug release [12, 15]. The drug relrasethe system using Eudragit® SPO: RLPO
(75:25)15% as gas-entrapped polymeric membraneliwaar with the time. For high water

permeability of Eudragit® RLPO, the release probfethe multiparticulate FDDS seems to be
dominated by drug diffusion through the polymer nixairom the core pellets instead of drug
diffusion through polymeric membrane of reservgstem.
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CONCLUSIONS

The multiparticulate FDDS based on gas formatiochte&ue was developed. The system
consists of nonpareils coated with drug, effervesdayer and polymeric membrane. The
floating ability and drug release of the systemengependent on blend type and coating level of
the polymeric membrane. The system using blend cdtEudragit® RLPO: RSPO(0:100) could
not float because Eudragit® RSPO might not be pabheeenough for dissolution medium to
induce the effervescent reaction and generatecgarifi amount of CO2 to make the pellets
floated The system using blend ratio of EudragittPR: RSPO(100:0,75:25,50:50 and 25:75)
as a polymeric membrane could float as Eudragit@P@Lhad high water and low CO2-
permeabilities with high flexibility. The system wdd float completely within 3 min and
maintain the buoyancy over a period of 24 h. Thétiparticulate FDDS with rapid floating and
sustained drug release was obtained and coulgbengsing gastroretentive DDS.

Acknowledgements

The authors gratefully acknowledge Dr. P. D. P&Hairman, Dr. D. Y. Patil vidya Pratishthan
and Dr. A. D. Deshpande, Director of Pharmacy favming excellent infrastructure facility to
carryout this research work. Thanks also go to Aumdo Pharmaceuticals Ltd. Hyderabad for
providing drug sample and Degussa, for kindly syipgl Eudragit® samples. We are also
thankful to BCUD, University of Pune, Pune for fireéal support.

REFERENCES

[1] S. Arora., J. Ali, A. Ahuja, R. K Khar, S. BaboofsAPS Pharm. Sci. Technd?005 article
47.

[2] P. L. Bardonnet, V. Faivre, W.J. Pugh, J. C. Pdfar F. Falson,). Contr. Release2006
111, 1-18.

[3] K.H. Bauer, K. Lehmann, H. P. Osterwald, G. Rotlggaviedpharm Scientific Publishers.,
199§ pp. 63—-119.

[4] H. Bechgaard, K. Ladefoged. Pharm. Pharmacql1978 30, 690-692.

[5] H. Bechgaard, , G. H. Nielsobyug Dev. Ind. Pharm 1978 4, 53-67.

[6] H. R Chueh, H. R. Zia, C. T. Rhod&ug Dev. Ind. Pharm 1995 21, 1725-1747.

[7] M. P. Cooreman, P. Krausgrill, K. J. Hengefsjtimicrob. Agents Chemothed 993 37,
1506-1509.

[8] S. Desai, S. BoltorRharm. Res 1993 10, 1321-1325.

[9] J.L Ford, K. Mitchell, P. Rowe, D. J. Armstrong,NP.C Elliott, C. Rostron, J. E. Hogalmt.
J. Pharm, 1991, 71, 95-104.

[10] 1. Ghebre-Sellassie, R. U. Nesbitt, J. Wang. Maiekker, New York,1997 2nd ed, pp.
267-286.

[11] V. lannuccelli, G. Coppi, M. T. Bernabei, R. Canmarént. J. Pharm.1998 174, 47-54.
[12] M. Ichigawa, S. Watanabe, Y. Miyaké& Pharm. Scj1991, 80, 1062—-1066.

[13] S. K. Jain, A. M. Awasthi, N. K. Jain, G. P. Agrdw2005 J. Contr. Release107, 300—
309.

[14] Y. Kawashima, T. Niwa, H. Takeuchi, T. Hino, Y. Ith Contr. Release1991 16, 279-
290.

209
Scholar Research Library



Parag A. Kulkarni et al Der Pharmacia Lettre, 2010, 2(4): 199-210

[15] I.Krogel, R. Bodmeierint. J. Pharm, 1999 187, 175-184.

[16] N. Rouge, P. Buri, E. Doelkdnt. J. Pharm, 1996 136, 117-139.

[17]Y. Sato, Y. Kawashima, H. Takeuchi, H. Yamamdiar. J. Pharm. Biopharm2003 55,
297-304.

[18] Y. Sato, Y. Kawashima, H. Takeuchi, H. Yamamabd. J. Pharm, 2004 275, 97-107.
[19] P. Sriamornsak, N. Thirawong, S. Puttipipatkhach&ur. J. Pharm., Sci2005 24, 363—
373.

[20] A. Streubel, J. Siepmann, R. Bodmelat. J. Pharm, 2002 241, 279-292.

[21] A. Streubel, J. Siepmann, R. BodmeikrMicroencapsu) 2003 20, 329-347.

[22] R. Talukder, R. Fassihbrug Dev. Ind. Pharm 2004 30, 405-412.

[23] R.B Umamaheshwari, S. Jain, D. Bhadra, N. K. JainPharm. Pharmacql 2003 55,
1607-1613.

[24] A. Vervaet, L. Baert, J. P Remdnt. J. Pharm, 1995 116, 131-146.

[25] L. Whitehead, J. T Fell, J. H. Collett, H.L. Sharmda M. Smith.J. Contr. Releasg1998
55, 3-12.

[26] L. Yang, , J. Eshraghi, R. Fassii.Contr. Release1999 57, 215-222.

210
Scholar Research Library



