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ABSTRACT

A tablet consisting of two layers of swelling angturable coatings was prepared and evaluated @sgtile drug
delivery system. Aceclofenac was used as model Theytablets were prepared by direct compressi@thod.
Different ratio of spray-dried lactose and micrgstalline cellulose were then coated sequentiafith an inner
swelling layer containing a super disintegrant (starmellose sodium) and an outer rupturable layerethyl
cellulose. The effect of spray-dried lactose ancdroairystalline cellulose on swelling layer and rugble coating
was investigated. In vitro dissolution was prefodnusing the USP paddle (type 1) apparatus at spefegD rpm by
using phosphate buffer pH 7.4 as a dissolution omadiThe lag time of the pulsatile tablets of Acketiac
decreased with increasing concentration of micretadline cellulose in the cores and increased vifttreasing
levels of both swelling layer and ruputable ethgllidose coating. Increasing levels of water uptéiethe ethyl
cellulose coating causes bulging and become likeuge forms insoluble skeleton where the drug seerbe time-
controlled release, and thus prolonged the lag time

Keywords. Aceclofenac, pulsatile tablets, ethyl celluldsg,time.

INTRODUCTION

Conventional controlled release drug delivery systeare based on single or multiple — unit resereoimatrix
system, which are designed to provide constant thugls over an extended period of time. Howeveisatile
delivery is desirable for drugs acting locally aaving an absorption window in the gastro-intestiinatt or for
drugs with an extensive first pass metabolism, tviievelop biological tolerance, where the conspmesence of
the drug at the site of action diminishes the theugic effect, or for drugs with special the phacoianetic features
designed according to the circadian rhythm of hurmfarpulsatile release profile is characterized blag time
followed by rapid and complete drug release.

Pulsatile drug delivery systems are generally diagsinto time - controlled and site - specificligery system [3].
The release from the time controlled delivery israrily controlled by the system, while the releésam the site-
specific group is primary controlled by the biolcgji environment in the gastro-intestinal tract sastpH of the site
of action or enzymes.

Most pulsatile drug delivery systems are resergeirices covered with a barrier coating. The bagén dissolve,
erode or rupture during/after a certain lag tinfesravhich the drug is released rapidly from thednreservoir. The
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rupturing of the barriers is induced by an expagdiore upon water penetration through the barating. The
expansion can be caused by effervescent excipieswelling agents.

The present study focuses on the development chpld release tablets at a peroral, time - cdetiagingle-unit
dosage form. The proposed system consists of atablet coated with two layers, an inner swellingdr and an
outer rupturable coating. The swelling layer isnposed of croscarmellose sodium, a super disimégrad
polyvinyl pyrrolidone (PVP) as a binder, while thepturable coating is an ethyl cellulose film [1].

MATERIALS
Acelofenac was obtained as gift sample from Miabsl Ltd, Hosur, microcrystalline cellulose was otsd from
Nice chemicals, ethyl cellulose from lobachemie B, Mumbai, Magnesium stearate from S.D fine cioaihs,
Mumbai. Colloidal silicon dioxide Croscarmellosedaon, and spray- dried lactose monohydrate wasroddarom
Sarcen pharmaceutical, Pondicherry. All matenialsd were of analytical grade.

MATERIALSAND METHODS

PREPARATION OF PULSATILE RELEASE TABLETS
The core tablets containing varying ratio of spdaied lactose monohydrate (Flowlac 100) and Migystiline
Cellulose (Avicel pH 102) (100:0, 70:30, 50:50, 3®: 0:100) were prepared by direct compression odeffh]is

given in the table 1.

Table 1: Effect Coating Thickness and Ratio of Spray Dried L actose, Avicel on Pulsatile Tablets (Without Drug)

Ingredients
(mg)

F1

F2

F3

F4

F5 F6

F7

F8

F9

F1d

F11

F1p

lactose
Avicel ratio
In core

100:0

70:30

50:50

30:70

0:100

1.aceclofenag

2.spray dried
Lactose
lactose mono
hydrate

4455

445.5

445 4

311.8p

311.85 311

85

224

75 32

.222.75

133.85

133.8b

133.85

3.avicel
(mcc)

133.65

133.65

133.65

222.1

22275

222

75 .6EL

1 311.65

311.65

445.5

445|5

445,

4.Aerosol

2.25

2.25

2.28

2.29

2.2% 2.2b

2.4

2.5 252

2.25

2.25

2.25

2.25

2.25

2.25

5.mag.
stearate

2.25

2.25

2.25

2.25

2.25 2.25

2.25

2.25

2.2

5 2.

RS 252

2.25

2.25

2.25

2.25

6.Ac di - sol
coating level

(mg /cnf)

13.5

22.5

31.5

13.5

22.5 31.5

135

2215

31

5 13

5 252

31.5

135

22.5

31.5

7.outer E.C
coating level

(mg /cnf)

Ingredient
(mg)

F16

F17

F18

F19

F20 F21

F22

F2

F2

2829

F30

lactose
Avicel
in core

ratio

100:0

70:30

50:50

30:70

1.Aceclofenac

2.spray dried
lactose
lactose mono|
hydrate

4455

445.5

445 4

311.8

b

311.85 311

85

224

75 32

.222.75

133.85

133.8b

133.85

3.Avicel
(mcc)

133.65

133.65

133.6%

222.7

222715

222

.75 .6HL

1 311.65

311.65

445.5

445{5

443.

4.Aerosil

2.25

2.25

2.25

2.25

2.29 2.25

2.2

5
5

2.25 .252

2.25

2.25

2.25

2.25

2.25

2.2

5.Mag.
stearate

2.25

2.25

2.25

2.25

2.25 2.25

2.2

2.25

2.2

p5 252

2.25

2.25

2.25

2.25

6.Ac di - sol
coating level

(mg /cnd)

22.5

22.5

22.5

22.5

22.5 22.5

22.

2215

22

5 24

5 252

22.5

22.5

22.5

22.5

7.0uter
coating

E.C
level

(mg /end)
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The drug containing core tablets were prepared simélar manner by replacing spray dried lactosenomydrate
with aceclofenac (100 mg per tablet). The cordetabxcipients were blended for 10 minutes, folldwey the
addition of magnesium stearate (0.5% w/w) and AeB8® (0.5% w/w) is given in the table 2.

The powder mixture was further blended for 5 mirhe core tablets (diameter 10mm; biconvex, harddgss4.5
kg/cnt average tablets weight 450 mg) were compresseq assingle rotary tablet press machine.

Table 2: Formulation Variables For Pulsatile Tablets (With Drug)

Ingredients (mg) F3a1| F32] P33 F34 F3% F3p F37 Fd8 9 FB
lactose : Avicel ratio in core 70:30
1.Aceclofenac 100 100 100 100 10( 100 100 100 1p0
2.spray dried 241.85| 241.85 241.8% 24185 24185 24185 24]1.851.834 241.85
4.Avicel (mcc) 103.65] 103.6 103.65 103.65 103({6503.85| 103.65( 103.6% 103.65
4.Aerosil 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 252
5.Mag — Sterate 2.25 2.2§ 2.24 2.2 2.25 2.5 2[252.25 2.25
6.Ac di — sol coating level (mg /én| 13.5 13..5 135 22.5 22.5 22.5 31.6 31)5 315
7.outer E.C coating level (mg /én 3 4 5 3 4 5 3 4 5

COATING OF TABLETS

The core tablets were coated with two consecutayerk; Croscarmellose sodium as an inner swelbygrland
ethyl cellulose as an outer reputable coating la4&-Di-sol and PVP (Kollidon 90F) was used asirzdbr (Ac—
Di-sol: kollidon 90F 6:1w/w) kollidon 90F was didged in 96% v/v ethanol by stirring overnight undilclear
solution was obtained.

Ac—-Di-sol was dispersed into the kollidon 90F sioln and agitated for at least 30 min to obtainoenbgeneous
dispersion prior to coating. The coating dispersi@as then layered onto the core tablets in Glatindcoater to
obtain swelling layer level of 13.5, 22.5 and 3thé/cnf.

The coated tablets were further dried in the cgagian for 15 min at £C after the coating process was finished.
The tablets were then placed in the over &C4far 2 h to remove the residual solvent.

Those tablets were than coated with ethanolic ettgdllulose solution, using triethyl citrate aplasticizer. The
coating solution was prepared by dissolving ethHidézse in 96%v/v ethanol (3.5% w/w solution) andsastirred
overnight to obtain a clear solution. The plaggci(5% w/w based on polymer solids) was furthetased for at
least 30 min prior to coating to obtain a homogeisesplution.

The homogeneous dispersion was gently stirredugfirout the coating process. The polymer solutios syaayed
on to the tablets in a glatt — drum- coater to ibtaating levels of 3, 4 and 5 mg/tethylcellulose.

The tablets were further dried in the coating pamlb min at 40C after the coating process was finished and then
placed in the oven at 48C for 2 h to remove residue solvent. The coatedetabwere equilibrated at room
temperature overnight and stored in a closed aoeitqirior to further experiments.

EVALUATION OF PULSATILE RELEASE TABLETS[10]

Scanning election micr oscopy

The morphology of a cross -section of the pulsatdéease tablets was observed under a scanningroglec
microscope (model Hitachi - 3000 4 Japan). Theddsimples were mounted onto the stages prior ttingoaith
gold to a thickness is of about 3 nm under vacunchwveere then observed with scanning electron mioos.

Rupturetest

The lag time of pulsatile release tablets is defiaethe time when the outer ethylcellulose coasitagts to rupture.

It was determined visually by using the USP XXI\dd&e dissolution apparatus (900ml of phosphateelydH 7.4,
37.0: 0.5°C, 50 rpm) in addition the rupture behavior of ptile release table was photographed by a digital
camera [1].

Water uptake study [11]

The water uptake of pulsatile release tablets waterdhined in medium filled containers placed inaizontal
shaker (100 ml of phosphate buffer pH 7.45@774 rpm) at pre determined time points, the tabiere removed
from the dissolution medium, carefully blotted witbsue paper to remove surface water, weightedtzsm placed
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back in the medium up to the time when the coatihghe tablet ruptured. The water uptake was catedl as
follows.

W, —W,
% water uptake HI—OIIXJ.OO
WO

Where wis weight of wet tablet at time t ang 18 weight of drug tablet.

Invitro Drug release Study [23],[45]

The USP type (Il) rotating paddle method (30® °C, 50rpm, 900ml of phosphate buffer pH 7.4) wasduse
study the drug release from pulsatile release tsifleb India)6]. Samples were with drawn after pre determined
time intervals and the amount of aceclofenac relkasas assayed with a spectrophotometer (shima@gu-
2201pc) at a wavelength of 275 nm.

RESULTSAND DISCUSSION

The pulsatile release tablet system developedeiptesent study was a reservoir device, whereathlettcores were
surrounded by two consecutive layers, a swelliggrand rupturable layer respectively.

The swelling layer consists of croscarmellose wodias the swelling agent because of its superiallisng
behaviors and PVP as a binder. The rupturablerpatinsisted of a plasticized ethylcellulose filthylcellulose
was chosen because it formed a mechanically wedlksami permeable film [1], which could rupture gasipon
exposure to the dissolution medium and the resuitégrnal pressure developed within the tableesor

Figure 1 shows a SEM photograph of cross sectichepulsatile release tablet. The three partbeokystems are
clearly visible, namely the dense tablet core (otrystalline cellulose, lactose and drug) (C). hiwre layer of the
Ac-DlI-sol containing swelling layer (B) and the hogeneous ethyl cellulose coating as the outer raple coating
(A).

Figurel: SEM Photograph of formulation F35

SE 07-Dec-07 NITMME WD25.lmm

Water influx and the subsequent volume expansioth®fswelling agent caused the rupturing of theglegtiose
coating. The drug was then released rapidly with ghort period after a certain lagtime due tostiheng rupturing
of the coating [11]. The rupturing sequence of Batile release tablet is shown in figure 2.

Effect of core composition (Spray dried lactose: Avicel) [11]

Drug - free core tablets containing varying ratib spray - dried lactose monohydrate (Flowlac - 1@@y
microcrystalline cellulose (Avicel pH 102) (100;00:30, 50:50, 30:70, and 0:100 w/w) were prepangdiitect
compression. The core tablets were coated withlisygdayer consisting of AC-Di-sol (Theoretical ¢y levels of
13.5, 22.5, 31.5 mg/cth and rupturable coating consisting of ethylcelf@o(theoretical coating levels 3,4,5
mg/cnf) as expected, increase the amount of microcrirstatiellulose in the core tablets decreased theitag,
this being almost independent of the amount of As@ .
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Microcrystalline cellulose possesses a good digmatéon property; higher amounts of microcrystalicellulose,
increased the disintegrating forces of the coresuRing in a shorter lagtime, increasing the etilililose coating
level increased the lag time for all microcrystadlicellulose concentration.

Figure 2: Rupture sequence of pulsatilerelease tablet at time (a) t= Omin, (b) t=90min, (c) t= 180min, (d) t=270min

(@) (b)

(b) (d)

To develop the pulsatile release tablet based aflisgy and rupturable coatings, several studiesswercessary to
identify formulation variables, which provided thesired system properties, namely a rapid drugselafter a
certain lag time [44]is given in table 3, 4, 5. Timfluence of core composition, Level of swellingyér and
rupturable coating, water uptake study was invagsi,

Table 3: Lag time for Different Ac-Di-Sol Layer Level & Same E.C Layer Level With Different Mcc Ratio In CoreF1 To F15
(13.5,22.5,31.5mg/Cm?//5mg/Cm?)

Formulations| Ac-di-sol-laye E.C layer level MCQigan core | Lag time (min)*
level(mg/cn3) (mgl/cnt)

F1 135 5 0 420+2.0
F4 135 5 30 360+2.0
F7 13.5 5 50 90+3.0
F10 13.5 5 70 60+3.0
F13 13.5 5 100 30+2.0
F2 22.5 5 0 420+2.0
F5 22.5 5 30 450+2.6457
F8 22.5 5 50 60+1.7320
F11 22.5 5 70 60+2.6457
F14 22.5 5 100 60+2.6457
F3 31.5 5 0 510+4.3588
F6 31.5 5 30 510+5.1961
F9 31.5 5 50 12043.0
F12 315 5 70 120+1.7320
F15 315 5 100 90+3.0
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The slope of this curve, the sensitivity of the tige to the coating level decreased with incregasiicrocrystalline
cellulose concentration the formulation. Therefoeeame more robust. The core without microcrystaliiellulose
(Flowlac 100 : Avicel pH 102) w/w) showed the high sensitivity (steepest slope), according toethiesults core

tablets consists of lactose and microcrystallifkilose with a 70: 30 w/w ratio was used for furtiseudies.

Effect of the amount of swelling layer and rupturable coating [11], [45]
Besides the core composition, the amount swellitygrl was another important variable influencing ringturing
unexpectedly, the lag time of tablets with a higleael of swelling layer increased at all ethylo&lkse coating

level.

However, this finding was in agreement with a stodytime- controlled explosion system. The hardmdédbe core
tablets coated with AC- di-sol levels of 13.5, 22%d 31.5 mg.cfa was 4.5, 5.2, 4.6 kg/chmrespectively, core
tablets coated with higher levels AC- Di -sol ttwaut rupturable membrane) had a higher hardndsishwnight

retard the water penetration through this layer.

Figure 3: Lag timefor Different Ac-Di-Sol Layer Level & Same E.C Layer Level With Different Mcc Ratio In Core F1 To F15

(13.5,22.5,31.5mg/Cm?//5mg/Cm?)

600 -
500 -
400 -~
300 -
200 -

Lagtime (minutes)

100 -~

lag time of F1 to F15

O ac-di-sol-layer

B E.C layer level

O MCC ratio in core
O lag time(minits)

IR TERE RN

ik LI

Jddnk .

formulations

Table4:Lagtime for Same Ac-Di-Sol Layer Level And Different E.C Layer Level With Different Mcc Ratio In Core F16 To F30

(22.5mg/Cm?//3,4,5 Mg/Cm?)

Formulations| MCC ratio in cor¢  Ac-di-sol-layer ~ Hayer level | Lag time (min)*
Level (mg/cmi) (mg/cnt)

F16 0 22.5 3 15042.0
F17 0 22.5 4 360+3.4614
F18 0 22.5 5 420+3.0
F19 30 22.5 3 15043.0
F20 30 22.5 4 270+2.0
F21 30 22.5 5 450+2.6457
F22 50 22.5 3 30+2.0
F23 50 22.5 4 45+1.7320
F24 50 22.5 5 80+2.0
F25 70 22.5 3 25+1.7320
F26 70 22.5 4 45+2.6457
F27 70 22.5 5 60+2.0
F28 100 22.5 3 20+2.0
F29 100 22.5 4 45+2.0
F30 100 22.5 5 60+1.7320

AC- Di-sol swelled when in contact with medium ahérefore probably retarded the further water patien into
the core, which by itself had a high disintegratiorce resulting in short lag time.
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Figure4:Lagtime for Same Ac-Di-Sol Layer Level And Different E.C Layer Level With Different Mcc Ratio In Core F16 To F30
(22.5mg/Cm? //3,4,5 Mg/Cm?)

LAG TIME OF F16 TO F30

7 500
'

1]
E 400 - #
2 i @ MCC ratio in core
g 300 B ac-di-sol-layer
Y 200 | O E.C layer level
[ O lag time(minits)
O 100 -
3 AN IRAG

O T l‘\ T \rh-\ T

OB R e Q“%’”%“ﬁ Q>

FORMULATIONS

Table5:Lag timefor Different Ac-Di-Sol Layer Level & Different E.C Layer Level With Same MCC Ratioin Core F31 TO F39
(13.5mglem?, 22.5mg/cm?, 31.5mg/cm? //3,4,5 mg/cm?)

Formulation| MCC ratio in core E.C layer level  aesdi-layer | lag time(min)
(mg/cn) level(mg/cm)

F31 30 3 13.5 90+2.0
F32 30 4 22.5 15043.0
F33 30 5 31.5 360+2.6457
F34 30 3 13.5 150+3.6055
F35 30 4 22.5 270+2.0
F36 30 5 31.5 450+2.0
F37 30 3 13.5 270+2.0
F38 30 4 22.5 390+2.6457
F39 30 5 31.5 510+1.0

* Mean of three determination +S.D

Figure5:Lag timefor Different Ac-Di-Sol Layer Level & Different E.C Layer Level With Same MCC Ratioin Core F31TO F39
(13.5mg/cm?, 22.5mg/cm?, 31.5mg/cm? //3,4,5 mg/cm?)

LAG TIME OF F31 TO F39

600 -
g 500 -
S 400 - @ MCC ratio in core
P 200 m E.C layer level
g O ac-di-sol-layer
F 2007 O lag time(minits)*
% 100 -

o -

FFE FTEE SEL

FORMULATIONS

While with the pulsatile release tablets of thisdst both the tablet core and the swelling laydluénced the
rupturing process, as expected higher levels ofupturable ethylcellulose layer increased thetilag.

Release studies were carried out to examine treafilel release characteristics of the system. Afechc was used
as a model drug. The drug was not released pritlidaupturing of the coating. After rupturing, tteug release
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from the pulsatile release tablets with 13.5 md/oke - Di - SO L layer was lower than that from thelgatile
release tablets with 22.5 mg/€c-Di - sol layer

A swelling layer level 13.5 mg/chmightnot be enough for the complete rupture of the tatfflowlac 100: Avicel
pH 102, 70:30 w/w core) as observed visually, tsbléth 13.5 mg/crhAc ~Di-sol layer showedx lower degree of
rupturing then tablets with 22..5 mg/&rkc di-sol layer.

Next the drug release [45] and the water uptaker gd rupture were investigated as function of ameount of
rupturable ethyl cellulose layer. The lag time @ased with increasing ethyl cellulose level, druasweleased
rapidly and completely at ethyl cellulose level®fng/cnf at the higher ethyl cellulose level 5 mgfcrthe drug
released slower after the lag time, this was agairsed by the lower degree of rupturing of thekémier coating.
Higher ethyl cellulose levels retarded the watemlgp. The critical water uptake core was slighighler at higher
level ethyl cellulose. This could be explained ligher mechanical strength of the thickener coatieguesting a

higher degree of swelling (water up take) [45]fgpturing is given in table 6.

Water uptake study [11], [45]

Table 6: Percentage water up take of F34,F35 (22.5mg/cm?//3,4mg/cm?)

Time (min)

% Water up take of F34 [

% Water up také&35*

0

0

30

5+1

60

8+2.6457

7+2.6457

90

12+2.6457

9+3.6855

120

1442.6457

150

180

210

240

270

300

330

360

Figure 6: Percentage water up take of F34, F35 & F36 (22.5mg/cm?/3,4,5mg/cm?)

9ater Uptake

% Water Up take of F34,F35,F36

—e— 9% Water up

take of F34 *

—=— 0% Water up

take of F35*

% Water up
take of F36*

lag time (min)
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Dissolution Profile of Pulsatile Tablets

Figure 7: Dissolution Profile of F34 & F35

DISSOLUTION PROFILE OF F34 & F35

120 -

100 -
w
0
g 80
w —e— % DRUG RELEASE
W 60+ IN F34
Q 40 —=— % DRUG RELEASE
14 IN F35
0 20 -
N

0 %
200 200 400 600
TIME IN MINITS

Table 7: Dissolution Profile of F34 & F35

Time(min) | % Drug release in F34 % Drug releasedsb I

0 0 0

30 0 0

60 0 0

90 0 0

120 0 0

150 68+3.6055 0

180 83.5+2.0 0

210 90.443.2908 0

240 92.6+3.4394 0

270 95+4.09267 64+0.5

300 75.5+7.0887

330 80+1.8027

360 84.5+5.0744

390 90+2.29128

420 91.5+1.5

450 93+2.6457

480 94+3.1224

510 96+2.5

* Mean of three determination +S.D

CONCLUSION

The present study was carried out to develop tHeaple release tablet with a swelling layer angtusable
ethylcellose coating. The system released the dapglly after a certain lag time due to the ruptafehe ethyl
cellulose coating layer. The lag time of the systaald be modified by several factors such as comaposition,
level of swelling layer and rupturable layer.

In first study for determined effect of core comitios [(100:0), (70:30), (50:50), (30:70), (0:108) the lag time of
pulsatile tables with different amount of ac-di-Eofer (13.5, 22.5, 31.5 mgéjrof 5.0mg/n E.C.

In another study for determined effect of core cosifon [(100:0), (70:30), (50:50, (30:70), (0:1@H) the lag time
of pulsatile tables with different amount of E.Gyér (3, 4, 5 mg/cm) of 22.5mg/érc-di-sol coating.

The above study demonstrated that composition @f30j could be successfully employed for good lagetfor
treatment of rumatoid authritiues

Hence it was planned to time —controlled drug ey using composition of 70% spray dried lact&asg0%
micro crystalline cellulose (avicel PH 102) in coablet.

Pulsatile core tablets (70:30) coated with 13.55231.5mg/crh Ac-Di-sol layer coating and 3, 4, 5 mg/ti.C
layer coating were prepared and evaluated. Thdtseshow that F35 formulation was able to time-colted. The
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drug release up to 510 minutes. This can be expa@oteeduce the frequency of administration andetese the
dose dependent side effects associated with regeanistration of conventional aceclofenac tablets.

The time —controlled release pulsatile tablet wasnél to be beneficial in terms of reduction in freqcy of
administration.

While patients suffering from rheumatoid arthriteel more pain in the morning hours. The releaselrof) is
preferred in pulses.

Hence it can be concluded that once-daily time+otlied release pulsatile tablets of aceclofenadrigashort half-
life was found to exert a satisfactory time-cor&dlrelease profiles which may provide an increabedapeutic
efficacy.
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