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ABSTRACT

Rheumatoid arthritis (RA) istraditionally considered asa chronic, inflam-
matory autoimmune disorder that causes the immune system to attack the
joints. The symptoms of rheumatoid arthritis are severe in early morning
hours, so an attempt has been made to overcome the problem by delaying
drug release by colon targeting to maintain peak plasma concentrationsin
early morning hours. Indomethacin, a non-steroidal anti- inflammatory
drug effectively used for treatment of inflammation and pain caused by
rheumatoid arthritis, was selected as a model drug®. Indomethacin has a
plasma half life of 4.5hr. Itsadministration rateis frequent dueto its short
half life. Theaim of this study wasto devel op apul sincap containing micro
encapsulated | ndomethacin (microsponges) to relieve pain and inflamma-
tion caused by rheumatoid arthritis in early morning hours which are tar-
geted to colon and also to reduce the gastric irritation.
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INTRODUCTION

“Arthritis” literally means “inflamed joints. Osteoar-
thritisisalso called degenerativejoint disease; itisthe
most common type of arthritis. It isassociated with a
breakdown of cartilageinjointsand can occur ina-
most any joint inthebody. It most commonly occursin
theweight bearing joints of the hips, knees, and spine.
It can also affect the fingers, neck, and large
toe.Osteoarthritis causesthe cartilagein ajoint to be-
comedtiff andloseitseadticity, making it more suscep-

tibleto damage. Over time, thecartilage may wear awvay
insomeareasgresatly decreasingitsability toact asa
shock absorber. Asthe cartilage deteriorates, tendons
and ligamentsgtretch, causng pain. Generdly thesmall
intestineisconsdered asthe primary sitefor drug ab-
sorption and therefore the preferred part of the gas-
trointestinal tract for targeting with various controlled
rel ease technol ogies. Colon asasiteoffersdistinct ad-
vantageson account of anear neutra pH, amuch longer
trangttime, reduced digestiveenzymatic activity,anda
much greater respons venessto absorption enhancers.
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Thevariouscategoriesof drugsbeingtargeted to their
site of action include drugswhich are unstable/unab-
sorbed intheupper GIT and drugswhich arerequired
for trestment of local colonicpathologies. Additiondly,
thisstemay beuseful for delivery of thosedrugswhere
adeday indrugreleaseisrequired from atherapeutic
point of view.

Pulsatiledrugdelivery systems

Pulsatilesystemsaregainingalot of interest asthey
ddiver thedrug at theright Siteof action and at theright
timethus providing spatial and temporal delivery and
increasing patient compliance®. Thesesystemsarede-
signed according to the circadian rhythm of thebody!™.
Circadian rhythm regulates many body functionsin hu-
mans, viz., metabolism, phys ology, behavior, deep pa-
terns, hormone production, etc. Patientssuffering from
osteoarthritisarereported to havelesspaininthemorn-
ing than night, while patientssuffering from rheumatoid
arthritisfed morepaininthemorning hours. Thepulsa-
tileeffect, i.e., therelease of drug asa‘“pulse” after a
lag time hasto be designed in such away that acom-
pleteand rapid drug release should fallow thelag time.
Such systemsarealso called time controlled asthedrug
rel eased i sindependent of theenvironment. Thesesys-
temsbeneficial for drugs having high first-passeffect,
drugs administered for diseases that follow
chronopharmacol ogical behavior, drugshaving specific
absorption sitein GIT,targeting to colon. And cases
wherenight timedosingisrequired. Pulsatile Drug De-
livery SystemsisaSingle-unit systemsthat are mostly
developedinacapsuleform. A generd architecture of
such systems consists of an insoluble capsul e body!®
housing adrug and aplug. The plugisremoved after a
predetermined lag time owing to swelling, erosion, or
dissolution. ThePulsincagp sysemisanexampleof such
asystem that is made up of awater-insoluble capsule
body filled with drug formulation. Thebody isclosed a
the open endwith aswellable hydroge plug. Upon con-
tact with dissol ution medium or gastro-intestina fluids,
theplug swells, pushing itsdf out of thecapsule after a
lagtime. Thisisfollowed by arapid drug release. The
lag time can be controlled by manipul ating the dimen-
sion and the position of the plug. For water-insoluble
drugs, arapid rel ease can be ensured by inclusion of
effervescent agentsor disintegrants. The plug materia
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consists of insoluble but permeable and swellable
polymerge.g., polymethacrylates), erodible compressed
polymers(e.g., hydroxypropylmethyl cellulose, polyvi-
nyl acohol, polyethylene oxide), congealed melted
polymers(e.g., saturated polyglycolated glycerides, glyc-
eryl monool eate), and enzymeatically controlled erod-
iblepolymer(eg., pectin). Theseformulationswerewe |l
tolerated in animalsand healthy volunteers; however,
therewasapotential problem of variablegastric resi-
dencetime, which was overcome by enteric coating
thesystemtoalow itsdissolution only inthe higher ph
regionof small intestine.

Indomethacin® which isanon-steroidal anti in-
flammatory agent with anti pyretic and analgesic prop-
ertiesisalso effectivein the management of patients
with moderateto savererheumatoid arthritis, ankylosing
spondylitis, osteoarthritis, acute painful shoulder, and
acute gouty arthritis.but it has Contraindicationssich as
Active peptic ulcer, Recurrent indigestion(relative
contraindication),Care should betakenin patientswith
difficult to control hypertension or heart failure,Care
should betaken in pati ents on anticoagul ants, supposi -
tories not be used in patients with rectal bleeding or
proctitis.

Pregnancy. Thus Microencapsul ated” indometha
cnwasformulatedto pulsncgpdrugddivery andevau-
ated for itspulsatile dru release using sitable buffers.
Their physicochemical propertieswerea so been stud-
ied.

EXPERIMENTAL

Formulation and characterization of indomethacin
mi crosponges includes Preparation of indomethacin
mi crosponges with ethyl cellulose (46¢ps) polymer,
Characterization of the prepared microspongesand In
vitro dissol ution profileof prepared microgpongesand
Deve opment of pulsincgp dosageformsincludes Coat-
ing the body of the capsule shell, Preparation and coat-
ing of hydrogel plug, Formulation of pulsincap dosage
forms, Determination of physicochemical parameters
of the dosage forms, In vitro dissolution profile of
pulsincap dosageforms, Kinetic analysisof dissolution
data Thedrug indomethacin weregifted by Knisslabo-
ratories, Chennai. The polymersused weregifted by
hetero drugs. Thereagent used wereof andyticd grade.
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According to pharmacopeal specifications buffer
sol ution such potass um dihydrogen phosphate sol ution
(0.2M), Sodium hydroxide solution (0.2N),potassium
chloridesolution(0.2M), Hydrochloric acid buffer solu-
tion ( pH 1.2), phosphate buffer pH 6.8 solution, Phos-
phate Buffer solution pH7.4 has were prepared and
used®,

Prepar ation of indomethacin microsponges

Indomethacin microsponges were prepared by
Quasi-emulsion solvent diffusion method. In this
method, theinterna phase containing indomethacinand
ethyl cdllulosewas gradually added to distilled water
which contained polyvinyl acohol (PVA) asemulsify-
ing agent. Themixturewasstirred using Impeller Stir-
rer-Remi (model noaal2545) for 2hour to removethe
dichloromethanefrom thereaction flask. Theformed
microparticle)swerefiltered and washed with ditilled
water beforebeing driedinoven at 40°C. For theeva u-
ation of theeffect of drug: polymer ratioonthephysicd
characterigticsof microsponges, different ratiosof drug
toethyl cellulose(1:1,1.5:1,2:1,1:1.5, and 1:2) were
tried. Indl theseformulationstheamount of emulsfier,
volumeof organi ¢ solvent and volumeof agueous phase
were kept constant. Formulafor different batches of
Indomethacin microspongesweregivenin TABLE 1.

Char acterization of microsponges'®
Practical yied

Microspongesweredried at room temperaturewas
then weighed and theyield of microsponge preparation
wascdculated using theformula
Practical yield = (Theamount of microspongesobtained (g)/
Theor etical amount(g))x100
Mean particlesize

Determination of mean particlesize of Indometha
cinmicrospongeswith ethyl cellulosewas carried out
by optical microscopy inwhich the stage micrometer
was employed. A minute quantity of microspongeswas
spread on aclean glassslideand averagesizesof 100
mi crospongeswere determined in each batch.

Scanning electron microscopy (SEM)

Themorphology of microparticalswasexamined
with ascanning e ectron microscope (SEM Jeol JSM-
6400, JAPAN) operating at 20kv. The sampleswere

TABLE 1: Formulafor different batches of indomethacin
micr osponges

Indomethacin Ethyl _ volume of yolume of
F.no in (mg) cellulosein  aqueous dichloromet
(mg) phase(ml)  hane(ml)
F1 500 500 60 20
F2 750 500 60 20
F3 1000 500 60 20
F4 500 750 60 20
F5 500 1000 60 20

mounted on ametal stub with double adhesivetape
and coated with platinum/palladium aloy under vacuum
and aanalysed its surface morphol ogy.

Deter mination of drug content and encapsulation
efficiency

Actua amount of Indomethacin presentindifferent
sized microsponges was determined by following
method. Accurately weighed amount of thedried In-
domethacin loaded ethyl cellulose microsponges
(100mg) wasdissolved in 100ml of chloroform and
assayed spectrometricaly at 318 nmusing doublebeam
(Mode Elico-SL-151) Ultraviolet-visible spectropho-
tometer.

% of drug content =(M_ /M )x100
% of encapsulation efficiency =(M __ /M, )x100

Where M__ is the actual Indomethacin content in weighed

quantity of microsponges; M __ is the weighed quantity of
powder of microsponges, M, is the theoretical amount of
Indomethacin in microsponges calculated from the quantity

added in the process.
Invitrodissolution studies

Thein vitro dissolution studies of Indomethacin
microsponges were carried out according to
U.S.PXXIII gpparatus 2. (Dissol ution apparatus, USP
XXII1, Electro Lab, Model No AA454ub, Mumbali)
Microsponges equivaent to 75mg of drug weretaken
in 900ml of pH 7.4 phosphate buffer maintained at 37°C.
The dissolution mediawasrotated at 50rpm. At preset
timeintervasdiguotswerewithdrawn and replaced by
anequa volumeof dissol ution mediumto maintain con-
gant volume. Withdrawn sampleswerefiltered and suit-
ably diluted with phosphate buffer pH 7.4 and metha-
nol (1:1). The absorbance of the filtrates was deter-
mined & wavd ength of 318nm againgt phosphate buffer
of pH 7.4 and methanol (1:1)asthe blank .The amount
of drug present inthefiltratewasthen determined from
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thecdlibration curveand cumulative percentageof drug
releasewas cal cul ated.

Development of pulsincap dosageforms

Thisdelivery device usesthe basi c concept of pH
and timedependent drug ddivery sysem. Thepulsincap
issmilar inappearanceto thehard gel atin capsule, but
themain body iswater insoluble. The contentsare con-
tained within thebody by ahydrogd plug, whichiscov-
ered by water soluble cap. If necessary thewholeunit
can be coated with an enteric polymer toavoid the prob-
lem of variablegastric emptying affecting dissolution
performance. Inin-vivo oncethe cap had dissolved,
the hydrogel plug beginsto swell. When theswelling
reachesacritica point, the plug popsout of thecapsule
body and the contents arereleased. Depending onthe
propertiesof plug used, thetimeat which thisoccurs
can be controlled
In our study the devel opment of pulsincap dosageform
canbedividedintofollowing.

e Coatingthebody surfaceof thecapsuleshell.
e Preparation and coating of hydrogel plug.
e Formulation of pulsincap dosageforms.

Coatingthebody of capsule

Asper thedesign of pulsincap system, the body of
capsuleshell should bewater insoluble. In our work,
the hard gel atin capsul e shell was coated with water
insolublepolymer. Ethyl cdlulosd™ wassd ected anong
al theavailablewater insoluble polymersfor coating.

The body of the hard gelatin capsul e was coated
with different concentrations (2%, 4%, 6%, and 8%)
of ethyl cdllulosesolutions. Theethyl cdllulosesolutions
were prepared by dissolving the required quantity of
ethyl celluloseinacetone. Thebody of the capsuleshell
was coated by dipping method and dried completely.

Preparation and coating of hydrogd plug

Thehydrogel plugin the pulsincap dosageform
should havethe property to swell and get g ected inthe
intestinal fluid. Inour study, wehavesdected gelatinas
thehydroge plug.

Inthis process8gm of gelatin powder wastakenin
abeaker containing 10ml of water and melted. From
this, asemisolid mass of gppropriate shape, whichfits
into thebody of capsule shell, were prepared with the
help of asuitableszemould of different thickness. The
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TABLE 2: Formulafor pulsincap dosage forms
F.NO P1 P2 P3

% of Ethyl cellulose
solution used for

coating of body of 8%wi/v 8%wl/v  8%wlv
capsule
Material used
for Gelatin Gdatin  Gdatin
preparation
Thickness 5mm 5mm 5mm
Type of ng ((1)ro>iy
Enteric Cedlulose M etlilyl Eudragit
polymer used Acetate Y L-100
for coating  Phthalate Cellulose
Hydrogel Phthalate
plug % of Enteric
polymer used 10%w/v  10%w/v  10%w/v

for coating

prepared gel atin hydrogd plugswerehdf and full coated
with different concentrations (5and10%) of enteric
coated polymers namely Cellul ose acetate phthal ate
(CAP), Hydroxy propyl methyl cellulose phthalate
(HPMCP), Eudragit L-100"4, Coating solutionswere
prepared by dissolving the enteric coated polymersin
suitableamount of acetone.

For mulation of pulsincap dosageforms

The selected microsponges equivalent to 75mg of
drug wereincorporated into the ethyl cellul ose coated
body of empty capsuleshdl. Then, it wasplugged with
formulated hydrogel plug coated with Cellulose acetate
phthalate (CAP) (P1), Hydroxy propyl methyl cellu-
losephthaate (HPM CP) (P2), Eudragit L-100(P3) and
thereafter fixed thenormal gelatin capsulecap andthe
stepsinvolved in development of pulsincap are shown
ingraph 4. ssFormulafor different batchesof pulsincap
dosageformswereshownin TABLE 2

Deter mination of physicochemical par ameter sof
thepulsincap dosageforms

Deter mination of swelling efficiency of hydrogel
plug

Inthisstudy, both full and half coated hydrogd plugs
weretaken in a50ml of different pH buffers(i.e.6.8
and7.4). Thehydroge plugswereweighed beforeand
after coating and at regular intervals(2, 4, 6, 8, 10and
12hrs). Swelling ratio can befind out by using thefor-

mula
Swelling ratio=(weight of thehydrogel plugat 12 hr slweight
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In vitro release studies of pulsincal*

Dissolution studieswerecarried outinaUSP X X111
dissol ution apparatus|, in 900ml mediumat 37°Cat a
rotation speed of 100rpm.

Depending ontheGIT trangt timeand pH thefor-
mulated pulsincapsweretested at pH 1.2, 6.8 for 2hrs,
4hrsrespectively and rest of the dissolution was car-
ried out in pH 7.4 medium. At preset timeintervals
aliquotswerewithdrawn and replaced by an equa vol-
ume of dissolution medium to maintain constant vol-
ume. The sampleswithdrawn werethenfiltered. The
absorbance of thefiltrate was determined at 318nm
aganst respectivedilutionmediaasablank.

Kineticanalysisof dissolution datal*¥

Therdeaseprofilesof Indomethacinfrom different
batches of microspongesand pulsincap dosageforms
werefitted to different kinetic model ssuch aszero order,
First order, Higuchi and Peppas and Hixson crowel | to
find therel ease pattern of drug fromtheformulations.

RESULTSAND DISCUSSION

Char acterization of microsponges

Five batchesof microspongeformulationscontain-
ing different ratiosof Indomethacin and ethyl cellulose
[F1(1:1), F2(1.5:1), F3(2:1), F4(1:1.5) and F5(1:2)]
wereprepared and parameterslike practicd yield, per-
centage of drug content and percentage of encapsula-
tion efficency of microspongeswereevduated and given
inTABLE 3.

The percentage of drug content in microsponges
rangesfrom 35.27-61.65%. It decreases asthe poly-
mer concentration increases. The percentage of encap-
sulation efficiency increaseswith increasein polymer
and drug concentrations. It was observed that percent-
ageencapsulation efficiency increased morewhen poly-
mer concentration wasincreased than when compared
to theincreasein drug concentration.

Mean particlesize

Themean particles zeof theprepared microsponges
were determined and represented graph 1. Asthe poly-
mer concentration and drug concentrati on increases,

TABLE 3: Percentage of drug content and encapsulation effi-
ciency of indomethacin micr osponges

For. pag/Lrjr?er Practical % of drug enca(?wcl);tion
no ratio yield(g) content efficiency
F1 11 0.8275 47.4 78.45

F2 151 1.0256 58.25 79.66

F3 2:1 1.3092 61.65 80.72

F4 1:15 1.0037 42.29 84.98

F5 1:2 1.2348 35.27 87.11

TABLE 4: M ean particleszeof indomethacin microsponges
S.no

Formulations Aver age particle size(um)

1 F1 79.8
2 F2 85.7
3 F3 93.1
4 F4 130.8
5 F5 157.8

MEAN PARTICLE S1ZE OF INDOMETHACIN MICROSPONGES

Fi F2 F3 F4 F5
FORMULATIONS
Graphl

Graph2

theparticlesizeincreases. Increaseintheparticlesize
duetoincreasein the polymer concentration wasmore
when compared to the particle s zeincreaseduetoin-
creaseinthedrug concentration. Theseresults showed
that theviscosity of internal phasewas animportant
factor for the preparation of microsponges. Theaver-
agevduesweregiveninTABLE 4.

Scaning electr on microscopy

Thescanning eectron micrographsof batch Fs was
taken and showninthefollowing graph 2 scanning el ec-
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tron microscopy indicated that the formulated wascarried out for amaximum period of 12hrs.
microsponges are spherica and had smooth surface. Comparativestudy of thedissolution profilesof the
drug from different batches of microsponges prepared
_ _ ) ) with variousdrug: polymer ratioswerestudied and tabu-

Thelnvitro dissolution profile of each prepared | 464in TABLE 5. Thecumul ative percentageof drug
formulation was determined by using thedissolution o eace\was plotted againgt time. Thedrug releasewas
apparatus U.S.PX.XIII. (Paddlemethod). Thisstudy  ghownin graph 3.

TheformulationsF1, F2 and F3 rel eased 90.78%,

In vitro release studies of microsponges

IN VITRO RELEASE PROFILE OF INDOMETHACIN MICROSPONGES

e

TABLE 5 : In vitro release profiles of indomethacin

micr osponges
3 fea g % Cumulative% drug release of indomethacin microsponges*
& H = FE g F2 F3 F4 F5
§ =2 1 24.98+0.837 25.87+0.981 27.19+0.877 23.91+0.166 22.85:0.895
:‘E ——3 2 3176+0346 33.8+0.417 3556+0.60 28.68+0.381 27.59+0.733
w M —e— 3 37.63+1.365 38.71+0.540 40.99+0.766 33.62+0.846 32.88+0.514
E = 4 42.19+0.905 44.89+0.419 47.59+£0.626 38.9+0.719 36.5+0.627
g an 5 48.64+0.410 51.71+1.132 53.29+0.757 45.47+0.495 42.9+£0.560
= 6 54.85+0.484 57.52+1.007 59.51+1.09 51.05+0.330 47.58+0.605
o 7 61.06+0.520 62.82+0.562 65.52+1.147 56.72+0.378 52+0.261
8 66.76+0.470 68.16+0.845 70.89+0.321 62.51+1.180 58.71+0.419
9  73.37+0.528 76.07+0.765 77.56+0.617 68.29+0.493 62.37+0.361
3 : i T R 8 u 10 79.36+0.329 80.69+0.787 82.31+0.316 74.71+1.067 68.85+0.207
TIME[Hrs) 11 83.81£0.274 86.7+0.430 87.96+0.597 80.7+0.804 74.93+0.326
Graph3 12 90.89+0.330 92.94:0.194 95.83+0.447 86.88+0.173 81.87+0.505
*M eanzstandard deviation
TABLE 6: Swelling char acteristicsof gelatin hydrogel plug
Conc. Wt.of Wt.of dry Wt.of swollen hydrogel  Swelling
S Type of of Name of dry coated H plug at time “t” in ratio,
no. coating polymer polymer  hydrogel hydrogel hour s(Ws)(mg) R=Ws/Wd at
(Wiv) plug(mg) plug(Ws)(mg) 2 8 12 12 hrs
1 Full coated 5% CAP 224 230 74 270 462 541 2.35
2 Full coated 5% Eu L-100 217 225 74 311 375 449 1.99
3 Full coated 5% HPMCP 221 233 74 268 358 429 1.84
4 Full coated 5% CAP 215 231 6.8 261 396 463 2.01
5 Full coated 5% Eu L-100 225 236 6.8 304 352 390 1.65
6 Full coated 5% HPMCP 227 240 6.8 299 367 401 1.67
7 Full coated 10% CAP 223 238 74 271 410 568 2.38
8 Full coated 10%  Eul-100 209 218 74 306 368 401 1.83
9 Full coated 10% HPMCP 231 241 74 332 425 504 2.09
10 Full coated 10% CAP 235 242 6.8 295 426 543 224
11 Full coated 10%  EulL-100 213 224 6.8 285 398 508 2.26
12 Full coated 10% HPMCP 239 247 6.8 269 321 428 1.73
13 Half coated 5% CAP 219 204 74 266 408 504 2.25
14  Half coated 5% Eu L-100 221 229 74 318 453 545 2.37
15 Half coated 5% HPMCP 220 216 74 291 469 576 254
16 Half coated 5% CAP 218 227 6.8 283 484 567 2.49
17 Half coated 5% Eu L-100 224 236 6.8 322 491 534 2.26
18 Half coated 5% HPMCP 207 220 6.8 276 457 564 2.56
19 Half coated 10% CAP 221 228 74 292 516 641 281
20  Half coated 10%  EulL-100 228 237 74 308 530 622 2.62
21 Half coated 10% HPMCP 214 224 74 283 509 620 2.76
22 Half coated 10% CAP 223 234 6.8 316 623 743 321
23 Half coated 10%  EulL-100 225 231 6.8 298 611 718 3.10
24  Half coated 10% HPMCP 226 242 6.8 320 645 758 3.19
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In vitro release profile of pulsincap

dosage forms
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TABLE 7: In vitro release profile of indomethacine from
pulsincap dosageforms

Cumulative % drug release of pulsincap

Time

dosage for ms*

(Hre) =57 P2 P3
1 0
2 0 0 0
3 0 0 0
4 0 0 0
5 0 0 0
6 0 0 0
7 8.64+0.563  4.86+0.421 1.98+0.452
8 19.75+0.836 18.06+0.417 13.9+0.325
9 25.83+0.561 23.76+0.521 19.7+0.408
10 31.96+0.459 29.75+0.303 27.75+0.690
11  40.87+0.372 36.6£1.340 33.62+0.650
12 46.74+0.667 44.86+0.511 41.14+0.808
13 51.87+0.843  49.84+0.5 48.85+0.263
14 57.12+0.539 55.33+0.297 54.42+1.258
15 63.42+0.750 61.68+0.85 60.98+0.779
24 92.78+0.964 91.65+1.058 90.9+1.505

*M ean + standard deviation
TABLE 8: Drug release kinetics of indomethacin micro
spongesand pulsincap dosagefor ms

B.no Higuchi Zero First Korsmeyer- Hixson

order order peppas crowell
F1 0.9808 0.9651 0.922 0.9689 0.9665
F2 09855 0.961 0.9067 0.9798 0.9642
F3 0.9878 0.9546 0.8578 0.9786 0.9419
F4 09727 0.965 0.9325 0.9632 0.9705
F5 0.9717 0.9669 0.9378 0.9607 0.969
P1 0.8751 0.9452 0.8654 0.7652 0.9311
P2 0.8617 0.9422 0.8607 0.7609 0.9227
P3 0.8436 0.9325 0.8726 0.7395 0.9188

92.82%, 95.89% at theend of 12" hr, whereas F4 and
F5 have shown amaximum rel ease of 86.69 % and

81.6% at the end of 12" hr. Therefore, F5 was se-
lected asthe best formul ation for the devel opment of
pulsincap dosage form based onitscontrolled release
natureand good encapsul ation efficiency.

Theinvitro re easeresults showed that drug: poly-
mer ratio influenced the release of drug from
microsponges. Onincreasing thedrug concentration the
release of drug was increased and onincreasing the
polymer concentration drug rel ease was decreased.

Deter mination of physicochemical parameter s of
thepulsincap dosageforms
Deter mination of swelingefficiency of hydrogd plug

From theresults, thehaf enteric (10% CAP, 10%
HPMCP and 10% Eudragit L-100) coated hydrogel
plugs showed maximum swelling ratio 3.10,3.19 and
3.21 respectively in phosphate buffer pH 6.8 and are
tabulatedin TABLE 6.

Itindicatesthat half coated hydrogel plugsinre-
gpect toitsswelling characters (maximum swelling) suit
the pulsincap dosage form when compared to full en-
teric coated hydrogel plugs. Thisaso emphasizesthat
gelatin cap will get dissolved instomach fluid, and the
hydrogd plug swellsin upper intestina pH (6.8) result-
inginooping out of the capsule shell duetoincreasein
volume. By thetimeit reachesto proximal colonitre-
|eases the microspongesfrom the dosageformto this
area

Invitrorelease studiesof pulsincap dosageforms

Thein vitro dissolution test was donein various
pH medial.2, 6.8, and 7.4 to simulate gastric, small
intestineand colonic pH respectively. Theformulations
P1, P2, and P3 released 92.78%, 91.65% and 90.9%
of drug for an extended period of 24 hrsand there-
leaseprofilesareshownin TABLE 7.

Itindicatesthat all the dosageformsrel eased the
drug uniformly with out any significant difference. The
Cumulative percentage drug rel ease wasplotted against
time. Thegraphica representation(Graph 4) revealed
that drug rel ease from the pul sincap dosageformswas
started after 6hrslag timei.e. no drug was released
during usud gastric (2hrs) and small intestine (3-4 hrs)
trangttime.

Kineticanalysisof dissolution data
Thedrug releaseratekineticsdatafor dl batchesis
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shownin TABLE 8. Thedrug release data of all the
microsponges werefitted to the Higuchi equation and
pulsincap dosageformsfitted to the zero-order equa
tion.

The prepared microspongeswere characterized for
paticlesze, SEM, entrapment efficiency andinvitro
rel ease studi es. Batch-F5 was selected for the devel -
opment of pulsincap based onitssustained release. An
8%wi/v Ethyl cellulosesolution wasided for coating of
body of the pulsincap, as the percentage change of
weight was minimum. The prepared gelatin hydrogel
plugswerefull and half coated with different concen-
trations of enteric polymers. Half enteric(10% CAP,
10% HPMCP, and 10% EUDRAGIT L-100) coated
hydrogel plugs were selected for development of
pulsincapinrespect toitsmaximumswelling ratioshown
inpH 6.8 compared to thefull enteric coated hydrogel
plugs. Invitro rel ease studieswere carried out for for-
mulated pulsincaps. Therelease studiesindicatethat all
the dosageformsrel eased the drug uniformly with out
any significant difference. The drug releasefrom the
pulsincap dosageformswas started after 6hrslagtime.

CONCLUSION

It could be concluded from theaboveinvestigation
that pulsincap dosageform of Indomethacin could de-
lay the release up to 6hrs and further exhibited con-
trolled release of thedrug for 18hrs.Henceit issuitable
for thetreatment of pain and inflammation caused by
Rheumatoid arthritisin early morning hours.
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