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ABSTRACT

Multilayer biodegradable polymer drug deivery, time dependent release has many exceptional advantages in
controlled drug delivery system. The inception of layer by layer constructed tablet-in-capsule facilitated release of
drug in accordance of stimuli response carrier system. Atorvastatin calcium and Amlodipine besylate were chosen a
model drug because of its poor absorption in gastrointestinal tract. Three layer multiple unit consist of 10mg
Amlodipine besylate blend, lag phase and 20 mg Atorvastatin calcium blend that was compressed into tablet plug
and snuggly fitted into the impermeable hard gelatin capsule body and closed by soluble cap of capsule shell. Both
the layers of drugs act as a immediate release tablet at the time of delivery were compared and evaluated with
market formulation of caduet tablets with strength of 10g Amlodipine Besylate and 20mg Atorvastatin calcium. 3°
full factorial design was used to study the effect of two variables. The proportions of hydrophillic polymers like
chitosan and sodium starch glycolate had the most significant effect on the release of drug. A zero order of
polynomial equation was fitted to data and resulting equation is used to predict the response in optimal region.

Keywords: lag phase, three layer drug delivery system, Multilagarg delivery, Swelling layer, Pulsatile drug
delivery

INTRODUCTION

Cardiovascular disease (CVD) is leading cause afrdand disability and associated with high costesdlth care.
In CVD, hypertension and dyslipidemia are highlgyalent because they act synergistically. Althotrghtment of
hypertension and dyslipidemia is well establishreduidelines but the current risk factors providempcontrol over
it. A proprietary single tablet, fixed dose comliion (caduet 10/20mg) of Amlodipine besylate (dibypridine

calcium channel blocker) and Atorvastatin calcilB¥hydroxy-3methyl-glutaryl coenzyme A reductaseilitor, or

statin) was established. It is a first kind of canaltion that designed to target two major cardiouéer risk factors
simultaneously. Fixed single dose combination teraxperienced dose related and statistically Baait

reduction in systolic and low density lipoproteifihere is limitation of these combinations like ¢dstss of
flexibility, unclear cause of adverse reaction. [7]

With the advancement in the field of chronobiolagy ability to deliver the therapeutic agent tbigrat in staggered
profile because circadian rhythm requires the abiity of precise technology (Pulsatile drug dehy system).
PDDS consists a system where drug is released slyddfter well defined lag time or time gap accoglito

circadian rhythm of disease state. No drug rele&®ed the device with this lag time or it would less than 10 %.

(2]
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Elevated rate of Cholesterol synthesis take placeight time than day light irrespective of fastiagd fed
condition. Hence evening dose is more effectiveambating the activity of rate limiting enzyme HMBA. Blood
pressure shows wide variation in early morningefiches its maximum at 6 A.M. then gradual dedbnain the
whole day. Hence early evening and early mornimglsi dosing is required for the effective contrélhepatic
cholesterogenesis and BP soaring. Therefore chrodolated drug delivery of both the drugs in twosgusystem
with predefined lag time of 6 h. So that desiredrpiacological effect can be achieved. [3, 8]

In the present research paper the kinetic and digsaofi medication are so designed in accordande hilogical
rhythms like period, level, amplitude and phasesiAgle tablet-in-capsule dosage form combining Adipme
besylate, lag phase and Atorvastatin calcium ha&n lieveloped, which releases the drugs in accoedeuitt
biological rhythm of the body. The combination dthgrapy for the treatment of CVD associated disedth three
layered tablet-in-capsule-dosage form will offettbean effective treatment of disease.

MATERIALS AND METHODS

Chitosan, Sodium starch glycolate, Sodium algina@#de, Tragacanth, Gaur gum, Starch ( S.D. finendbals Itd.
Mumbai, India), Magnesium stearate (Merk speciglpet. Itd. Mumbai India), Lactose (Yarrow chemoghucts,
Mumbai, India), Atorvastatin calcium (Ranbaxy lalbs India), Amlodipine Besylate (Pravin laborass Itd.
Guijarat, India). Casted in # 0 size hard gelatipst& containing bilayered tablet of 350 mg plugAafilodipine
besylate, Lag plug and Atorvastatin calcium. Al treagents were of analytical grade and used withother
purification.

Preparation of “Lag Phase” in the multilayer drug delivery system

In the present study biodegradable polymers likéilBo alginate, Tragacanth, Gaur gum, Starch weee fr the
formulation of the lag phase for the effective dre¢pase in biodegradable multilayer drug deliveygtem with
predefined time. The lag time of lag phase is fimmcof the composition of the outer polymer laydihe Lag time
composed Various Hydrophilic Polymers which artelisbelow in table 1. [1]

Casting of the swellable granules

The swellable polymer (100-200mg) was prepared iangating different hydrophilic polymer like Sodiu
alginate, Tragacanth, Starch, Gaur gum, with Lactdsiese Granules were dried in an oven at 40.@Zdn then
compressed into mini tablet for the further optiatian. The dried mini discs were carefully remowagd stored in
desiccators until further testing. [4]

Swelling Index (% water uptake studies)

Swelling index experiments (n=3) were performedpdetermined approximate weight of the sample desn
were placed over the watch glass (already weigbett) filter paper. The swelling medium of 0.1N H@las

added up to the level of the watch glass. Watchsgis were covered to avoid water evaporation. Apémetration
takes place, the swelling medium was taken up bystmple Granules. This water flux resulted in aktechange
of the granules and was weighed with a digital fiedaas a function of time as shown in graph | ,¢adb. The water
uptake was calculated as. [5]

% water uptake = wt-wo/wo *100
Where wt is initial wt of disc, wo is final wt ofist

Lag time capsule shaped PDDS

Compressed tablet of lag plug was placed into USfRaddle apparatus rotation speed 50rom was magddor s
period of 10 hr in medium of phosphate buffer Hlgs 37°C. The lag time was defined as the timatpwhen the
outer coating ruptured due to swelliag shown in graph Il (a.b.c.d). [4]

Hardness test

The development of compressed tablet in PDDS immiog area in pharmaceutical research, concewitbdhigh
control over the release rate of drug combined ¥dtkibility in the adjustment of the both the desend the release
of drugs so the hardness can be optimized for tiependent lag time for Pulsatile drug delivery eystThe force
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when compressed tablet were broken by Monsantonkasdtester was measured using to assess thenkagsi
described in graph 1l (a,b,c,d). [4]

Preparation of Pulsatile Release Amlodipine BesylatTablet immediate release first pulse (FP1)

The polymers, gave minimum swelling in acidic buf@d maximum swelling in basic media were seletbedhis

study. Sodium starch glycolate was used as napoblmer (superdisintegrant) for the immediate rete@f

Amlodipine Besylate from the Pulsatile system. Mawystalline cellulose was used as filler, magnesatearate
was used as a lubricant and purified talc as agtidThese entire ingredients were mixed togethenadrtar and
pestle. A theoretical weight of about 80+2mg powdaes fed manually in to die of 10 stations (Rimekipress-1,
Ahmadabad, India) and compressed by using 6 mnfaftatd punch by direct compression method. Thisex as
pulse in multilayered drug delivery system. As giwe table Il c. [6]

Preparation of Atorvastatin calcium tablet immediate release Second pulse (SP2)

Atorvastatin calcium blend was prepared for seqmuide immediate release of drug by direct compoessiethod.

Chitosan was used as a natural super disintegratiggt. Starch used as a filler and provide unifadhesion to
another layer without forming capping and laminatidefects. MCC used as filler in sufficient quantiEach

formulation was mixed in a mortar pestle. The resulblends were tableted to 120+2 mg using dig¢Qo$tations
(Rimek minipress-1, Ahmadabad, India) and compresseusing 6 mm flat faced punch by direct compogss
method. As given in table Il d. [5]

Formulation of swelling layer for lag phase

A theoretical weight of about 150 mg powder of 5886ium alginate and 50% of lactose was fed maniatiydie
over the tableted Amlodipine tablet for lag pha$el® stations (Rimek minipress-1, Ahmadabad, Inciaji
compressed by using 6 mm flat faced punch by dioechpression method. This will provide lag phase in
multilayered drug delivery system. [6]

Preparation of impermeable capsule body

The impermeable capsule body is constituted oftigetd O # size. Gelatin capsule was treated wittmialdehyde
for 24 hrs in desiccators. So that it becomes atdrwith epoxy ion, make capsule body impermeakfterwards,
the capsule body and the untreated soluble cap stered in desiccators for further use. During élperimental
time, the gelatin capsule body shows no water pabitiy and can be used in this study for the daily
administration. [6]

Fabricating of capsule device for three pulses drugelease with bi-layered tablets served as the thdrpulse

The three-layered tablet was inserted into the dapsody with a soluble cap. 250 mg lactose wasddd assure
the upper surface of the tablet flushed with theropnd of the capsule body. The tablet (350 mgnelier 6 mm)
fitted snuggly with the wall of the capsule. Théabered tablet is substituted by lag phase, batugiper and lower
layers served as rapid release layers.

Lag time of chronomodulated drug delivery system ofAmlodipine besylate and Atorvastatin calcium
The chronomodulated capsule drug delivery systemr® \placed in the beaker with variable dissolutioedium.
Lag time describes where drug releases uni-dinealip and drug showed less than 10% of actual dragunt. [5]

RESULTS AND DISCUSSION

Modified drug release dosage forms offer defindeamtages over conventional release formulatiosaafie drug or
different drugs, hydrophilic polymers are mainlyedsfor preparation of matrix type controlled druglicery

system. These systems usually provide non-linekrase profile. The multilayered matrix system owvenes

inherent disadvantages of non-linearity associatigal diffusion controlled matrix devices by provigj additional
release surface with time to compensate for theedsing release rate. [1]

The proposed capsule shaped drug delivery systersiate of insoluble gelatin capsule insoluble badg two
layered drug assembly with a lag plug. The lag phag optimized on the basis of swelling index, hass and time
dependent release. The lag plug was successfuilyulated in three different loads like, 100 mg, 18@, and
200mg with four different hydrophilic biodegradabpmlymers. Depending upon its gelling nature optimu
concentration was taken as described in tablg I. [2
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Swelling index

Swelling index (the water uptake) was determinedtaydard reported method. The optimum amount ¢énveas
taken up with the 150 g punch. The superdisintagre®odium alginate, Gaur gum, Tragacanth and Igtavith
lactose as filler or binder can swell more freehger the 150mg load, resulting in a lower mechdnicak/energy.
In other words, if a heavier load was pushed ups/agdthe swelling superdisintegrant, it exerted enmoechanical
work or swelling energy with greater time. The oadif developed swelling index to the amount of waig taken
resulted in appropriate lag time using sodium atgras depicted in | (a,b,c,d). Higher the wateakg the higher
in the observed swelling energy of the gel-likeisture formed under a certain load. [4]

The proposed capsule-shaped Pulsatile DDS consi$tadirugs-containing gelatin capsule 5 mm diamasethe

top and bottom layer, a swelling layer or lag phiasketween and an external polymeric coating eapsule. The
swelling layer was formed from direct compressidnswellable polymer and lactose granules. The smell
behavior of cast discs containing the swelling tegned lactose which simulated the swelling layeaafipturable

Pulsatile DDS. An effect of the type of the swellapolymer was different as per their chemical védra The cast

sample discs in combination with a binder were carag to characterize their swelling potential. bntcast,

sodium alginate and tragacanth developed a detectalelling index and the punch moved significamtydepicted
in graph |. Sodium alginate showed the highest ekegif swelling under 150 mg loads and was, thezefelected
for the use in the swelling layer of the PulsafiBS and was further investigated. These resultsvirergood

agreement with results from other studies condufttetier, where sodium alginate had a superiorcéffeness as a
lag phase when compared with other biopolymer. [5]

A Pulsatile DDS with a more and lesser thickerlBage layer would develop the critical swelling egg, which is
necessary to break the outer coating film fastberéfore, the lag time of the Pulsatile DDS habdadn desired
range.

The swelling layer consisted of the swellable paynSodium alginate, and the binder lactose. ThiuBo alginate
particles would not adhere to the capsule surfaitbowt a binder. Lactose was, therefore, respoasibi the
formation of the swelling layer from the Sodiumiakge particles on the hard gelatin capsule shigitseasing the
amount of Sodium alginate and reducing the amotifgatose within the swelling layer increased tag time and
vice versa. The amount of Sodium alginate couldb®oincreased further, because an amount of bindemeeded
to form the cast discs or the swelling layer, whitherwise became too brittle and could not formexhanically
stable layer. Hence sodium alginate with 50 pereétfit lactose of 150 mg load is optimized for fuathuse. [5]

Effect of the medium on the swelling behavior of dig release

Since an orally administered DDS comes into contéttt gastro-intestinal fluids of different pH afhic strength,
it was also important to investigate the swellirdpévior of Sodium alginate, Tragacanth, Gaur gumd, $tarch in
different media. The release behavior was optimamurified water and phosphate buffer pH 7.4. Tag time
dependent onto release in 0. N HCI was affectedessribed in graph Il (a,b,c,d). This could beilatted to the
presence of carboxylic groups in Sodium alginateant acidic environment, the carboxylic groups war®nized,
thus resulting in a lower water uptake and swellimgorder to confirm these observations, the snglsamples
were also investigated in the simulated ruptureitedifferent media. The lag times correspondedl weswelling

energy data. The lag times in purified water anffdoipH 7.4 (USP 25) were optimum and similar. Thee to

rupture was prolonged in 0.1 N HCI. This can bela@xgd by lowering in swelling behavior and theveto rate of
fluid penetration, resulting in a later rupturettoé outer polymer coating. [5,6]

A binder was necessary to cast superdisintegramiaitong discs, however, the binder could alsouierfice the
swelling behavior, either by a spatial separatibthe swelling particles or by a competition foedrwater after the
binder was dissolved. Sodium alginate led to 6« lag time and a complete rupture of the outerimgah the

simulated rupture test. Tragacanth, gaur gum aardtsshowed a desired coating rupturing, whichlmexplained
by a higher retardation of the water penetratida the swelling layer by Sodium alginate, buildengighly viscous

gel. [6)

Hardness

It establishes the relation between impacts ofetainh lag time of multiple drug delivery systems. the whole lag
plug will be inserted in the insoluble capsule holdywill provide mechanical strength to the whélalsatile drug
delivery assembly. However increased hardness raagechigh tabletting energy. So prior to the foatiah of
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multilayered drug delivery system, the hardnese@fplug should between 3-4 kg/cm3 as describeadhle graph
Il (a,b,c,d). [5]

Formulation

A 32full factorial design was employed to study theeeffof independent variables, i.e. Amount of Sodatarch
glycolate (FP1X1) and % of binder as starch (FP1a&) Amount of Chitosan (SP2X1) and % of bindestasch
(SP2X2) for FP2 on dependent variables, i.e. % dalgase as described in table Il a, 1l b. A diatds model
incorporating interactive and polynomial terms wéBzed to evaluate the responses. [3]

YFP1 = b0 + b1X1+b2X2 + b12X1X2 + b11X12 + b22X22
YSP2 = b0 + b1X1+b2X2 + b12X1X2 + b11X12 + b22X22

Where, Y is the dependent variables, b0 is thémetic mean response of the nine runs, and bleig¢timated
coefficient for the factor X1. The main effects (dfhd X2) represent the average result of changiegfactor at a
time from its low to high value. The interactiomrtes (X1X2) show how the response changes when aetoifs are
simultaneously changed. The polynomial terms (Xd@ 422) are included to investigate non-linearitiie results
indicate that all the dependent variables are gtyotependent on the selected independent varialsiéisey show a
wide variation among the nine batches (F1 to Fepfith the blends. The polynomial equation cansed to draw
conclusions after considering the magnitude of fameht and the mathematical sign it carries, pesitive or

negative. The high values of correlation coeffitilem the dependent variables indicate a good fie equation may
be used to obtain estimate of the response besauweerror of variance was noticed in the repbsat

Lag time of chronomodulated drug delivery system

Single unit capsule pulsatile drug delivery systemase been developed. The proposed Pulsatile eapsub
delivery system consisted of an insoluble capsudybtreated with formaldehyde containing two layefs
immediate release drugs, lag phase of lactosesadaim alginate and soluble cap. The addition aflér like
lactose was necesary to bind the whole assemblesgsule shell. The polymer eroded slowly withiedafined
lag time that could be mainly controlled by insdtibapsule body and lag plug. The lag time depenaiepolymer
concentration and thickness of swelling layer. [3]

The lag time also influenced by nature of capsudativer it is hard gelatin or soft gelatin. The timge was much
longer in hard gelatin in comparison to soft gelatapsule even at the same coating and compositiah. The

shorter lag time of soft gelatin capsule dependglegree of fillings with liquid, the pressure dengdd by the
swelling layer is therefore directed primarily taws the outer polymer layer but in hard gelatinscdg degree of
fillings is lesser and possess air inside the dapdthe pressure of swelling layer is thereforectied towards the
capsule core not towards the outer coating. Herazd helatin capsule showed more water retentioraagp

resulting in the longer lag time at the same cgadind composition level. [7]

Based on the data obtained from release profiknolfbdipine besylate and Atorvastatin calcium fromlFand SP2
batches, Factorial design was applied to formutaeoptimum batch. All the batches showed lag g to 6 hrs.
The results shown there is additive effect of fikeim binder like lactose on lag phase. At theahitage, soluble
capsule cap releases due to water solubility ofl lysiatin capsule but capsule body showed no vedisorption
because epoxy bond formed during saturation ofwagsody with formaldehyde. Initially dissolutioneaia was
0.1 N HCL Amlodipine besylate drug is water solubkeigs, The batches showed rapid release profietduhe
burst release of direct compressed plug of drugadoimg natural superdisintegrants sodium starglcaghte (3-
5%). Here drug releases was faster than the refuélease at their chronological time. Formulatiih to F3
showed 76.123%, 83.012%, 91.026% respectively alghses drug for longer time, more than three Istso(ten
the window of lag time). Formulation F4, F5 shov@t012%, 96.079% respectively with shorter lagetif®rug
release nearby 10 %), due maximum concentratiorsoafium starch glycolate (4.8%) and starch (1.8 %).
Formulation F7, F8, F9 showed 75.12%, 83.095%)%% respectively due to higher concentrationtafch as a
binder that restrict the release of drug from thegy@as shown in fig IV. Formulation F6 showed 97%3ptimum
rapid release Amlodipine besylate as first releailein 2 hrs compare to other formulations and #yait in the
criteria for drug releasé\fter that dissolution medium was changed into Btsphate buffer 5.5pH to mimic the
GIT. Drug showed 25- 10% release in whole of #g phase, where insoluble capsule body showed hilske
because lactose filler in the presence of fluid inmadwith capsule formed impermeable layer, hendditectional
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passage to the fluid medium. Dissolution was takephosphate buffer of 7.4, Atorvastatin calciunewkd rapid
release with natural superdisintegrant like chitoé&6%). Formulation F1, F2, F3 showed respedtidl.23%,

88.02% and 89.08% release with chitosan and stegolymer here starch concentration is much lamerrelease
was rapid. Formulation F7, F8, F9 showed 74.219%01"8, and 81.02% respectively due higher conceoiratf

starch with chitosan. Starch bind the drug withypar and slower the rate of release of drug. Foatiar F4, F5,
F6 showed 74.11%, 78.05%, and 81.32 % respectslayed good release profile compare to other faatior

and fit the criteria for the rapid drug releaseslagwn in fig 4. Hence Formulation F6 containingmi@ Amlodipine

besylate, sodium starch glycolate (3.2mg), staicB)(as FP1 and Atorvastatin calcium, chitosannig) starch
(2.4mg) as SP2 with lag plug of lactose and sodilgimate (50:50%) was considered as the optimumditation

according to in vitro dissolution study. [3,7,8]

Table I: Composition of different lag phases of diierent polymers

Polymers Filler Quantity of polymers Wt of totaglahase (mg),
Sodium alginate| Lactose 10-80% 100, 150, 200
Tragacanth Lactose 10-25% 100, 150, 200
Starch Lactose 10-25% 100, 150, 200
Gaur gum Lactose 15-30% 100, 150, 200

Table Il a: Variables in 32 full factorial design batches for (first pulse) FRL

Actual Value (%)
Coded values X1 X2
Amount of sodium starch glycolate (mg)| Amount oftarch (mg)
+1 4.8 0.8
1 4.0 1.6
-1 3.2 2.4

Table Il (b) : Variables in 32 full factorial design batches for (Second Pulse)r®

Actual Value (%)
Coded values X1 X2
Amount of chitosan (mg) | Starch (mg)
+1 6.0 1.2
1 4.8 2.4
-1 3.6 3.6
Table Il (c) : Design of experiment using 3using full factorial design FP1
Coded Values Polymers
Formulation code X1 X2 Sodium starch glycolate (%) Starch (%)
F1 +1 +1 6 1
F2 1 +1 5 1
F3 -1 +1 4 1
F4 +1 1 6 2
F5 1 1 5 2
F6 -1 1 4 2
F7 +1 -1 6 3
F8 1 -1 5 3
F9 -1 -1 4 3

Table Il (d): Design of experiment using 3 using full factorial design SP2

Coded Values| Polymers
Formulation code| X1 X2 Chitosan (%) Starch (%)
F1 +1 +1 3 1
F2 1 +1 4 1
F3 -1 +1 5 1
F4 +1 1 3 2
F5 1 1 4 2
F6 -1 1 5 2
F7 +1 -1 3 3
F8 1 -1 4 3
F9 -1 -1 5 3
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a)

b)

Table Il : Formulations of 32 full factorial design batches FP1

Formulation Code Drugs Variable polymers lubricant | Glidant
L . Starch | Magnesium stearate Talc
Amlodipine Besylate| Sodium starch glycolate(Bin der) (%) (%)
F1 1C 4.€ 0.8 1 1
F2 1C 4.C 0.8 1 1
F3 10 3.2 0.8 1 1
F4 10 4.8 1.6 1 1
F5 10 4.0 1.6 1 1
F6 10 3.2 1.6 1 1
F7 1C 4.€ 2.4 1 1
F8 1C 4.C 2.4 1 1
F9 10 3.2 2.4 1 1
Table IV: Formulations of 37 full factorial design batches SP2
Formulation Code| Drugs Variable polymers lubricant | Glidant
. . . .| Magnesium stearate Talc
Atorvastatin calcium| Chitosan  Starch (Bindeé riVI (%) (%)
F1 2C 6C 1.2 1 1
F2 2C 48 1.2 1 1
F3 20 36 1.2 1 1
F4 20 60 2.4 1 1
F5 20 48 2.4 1 1
F6 20 36 2.4 1 1
F7 20 6C 3.€ 1 1
F8 20 48 3.6 1 1
F9 20 36 3.6 1 1
Swelling index of Sodium alg'nate and lactose as plug
25
X 20
é B 100mg plug
~ 15
. 10 - H 150mgplug
E’ 5 | m200mg plug
=y
1] 0 -
10:90 20:80 30:70 40:60 50:50 60:40 70:30 80:20
Polymer: Diluent ratio
Swelling index of Tragacanth and lactose as plug
12
10
=
2 g H100mgplug
a¥) 6 .
o 4 m 150mgplug
S 2 - m200mgplug
=
5 0
10:90 20:80 30:70 40:60 50:50
Polymer: Diluent ratio
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d)

Figl: Swelling index of a) Sodium alginate: lactoseb) Tragacanth: lactose, c) Gaur gum:lactose, d)t&ch:lactose

Swelling index of gaur gum and lactose as plug

10
23 m 100mg plug
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Swelling index of Starch and lactose as plug
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Sodium alginate/lactose as modulating barrier on % release on time:
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Gaur gum /lactose as modulating barrier on % release on Time:
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Starch/lactose as modulating barrier on % release on time:
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Fig 1l: Influence of various barrier on % release m time of a) Sodium alginate: lactose, b) Tragacaht lactose, ¢) Gaur gum:lactose, d)

Starch:lactose

Sodium alginate/lactose as modulating barrier of hardness on lag time
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Gaur gum /lactose as modulating barrier of hardness on lag time
45
4
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3
% 5s B 100mgplug
g B 150mgplug
R
@ 1';  200mgplug
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0
15:85 20:80 25:75 30:70
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Starch /lactose as modulating barrier of hardness on lag time
5
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T
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10:90 15:85 20:80 25:75 30:70
Polymer: diluent ratio

Fig 1l : Influence of various modulating barrier o n hardness on lag time: a) Sodium alginate: lactosb) Tragacanth: lactose, c) Gaur
gum:lactose, d) Starch:lactose
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Fig 1V: in-vitro dissolution studies of tablet-in-capsule assembly
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CONCLUSION

In the present work the suitability of swellabldymoer as a swelling layer in capsule shaped Pigsdtug delivery
system was demonstrated. The swelling of lag plaaseunidirectional flow of medium characterizedaaime
dependent process with optimized swelling forcenviiked plug. Erodible tablet plug for the capsaksembly
formulated using 50% of sodium alginate with 50%aaftose show desired prolongation of lag time. Bu¢he
presence of carboxylic acid in sodium alginate,sWwelling was lower in an acidic environment andhigher than
the swelling of the other materials tested. Henegewmobility and medium uptake during wet granatator
dissolution would be driving force for the exertiand release of energy. This results in slower jgigion, and
hence an increased lag time from first pulse tosé@ulse.

The design of two different drug releases at d#ffitrphases can be adjusted in table-in-capsulgrassidelivery
system, according to the therapeutic needs. Thatsesbtained with dissolution test show that thlease profile is
dependent on time and Lag plug composition. Fortimrd6 containing 10 mg Amlodipine besylate, sodistarch
glycolate (3.2mg), starch (1.6) as FP1 and Atoatastcalcium, chitosan (3.6mg), starch (2.4mg) B @ith lag
plug of lactose and sodium alginate (50:50%) wamssictered as the optimum formulation .
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