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ABSTRACT

The aim of the investigation was to develop a nokadlpulsatile drug delivery system based on eatepated time-
release press coated (ETP) tablet. Tablet contginimainly three layers; a theophylline core tablgt @irect
compression, outer shell by different weight raifohydrophobic polymer of ethylcellulose (EC) anditophilic
excipients such as low-substituted hydroxy propivilcse (L-HPC) or hydroxypropyl methylcelluloseRMC) and
top layer of enteric coated polymer like Eudragil@0. The effect of the formulation of an outerllst@mprising
both hydrophobic polymer and hydrophilic excipients the lag time of drug release was investigafidte drug
delivery system was designed to deliver the druguah a time when it could be most needful to patering
nocturnal asthma. The time-release function shaubdk more efficiently in the small intestine as paned the
stomach. In the small intestine drug carrier wit kdelivered to the target side and drug releasé belin at a
predetermined time point after gastric emptying. e Thelease profile tablet exhibited a time period
without drug release (time lag) followed by a rapidd complete release phase, in which the outdt slygured.
Dissolution studies were carried out in simulateasigic, intestinal fluid with 0.1 N HCI (pH 1.2) drphosphate
buffer (pH 6.8), respectively. The optimized foratioh complied with the ICH stability testing guides.

Key words: Nocturnal asthma, Low-substituted hydroxy propyldeke, Ethylcellulose, Hydroxy propyl
methylcellulose, Eudragit L-100, Pulsatile drugisty.

INTRODUCTION

In recent year, a major goal for the drug delivesgearch is turned towards the development ofagfiizis drug
delivery systems with already existing active imieats in case of new drug discovery [¥any of pharmaceutical
therapeutic agents are mostly effective when madgadle at constant rates or near to absorptit@s.sMuch effort
has been going on to develop sophisticated drugettglsystems such as osmotic devices for oraliegubn. Oral

drug delivery system is more favored on populatratied drug delivery system in pharmaceutical aeske due to
increase in awareness of medical and pharmacegtcanunity, about the importance of safe and dffeaise of
drug. This system aims to maintain plasma drug eotmation within the therapeutic window for longipe of time

2.

Traditionally, it is becoming increasingly more @&nt with the specific time that patients have d&et their
medication may be even more significant than wasegeized in the past. The tradition of prescribimgdication at
evenly spaced time intervals throughout the dagnimttempt to maintain constant drug levels thinoudya 24 hour
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period, may be changing as researcher’s reportsthiaie medications may work better if their admraisbn is
coordinated with day-night patterns and biologidajthms. In the human body systems such as carstolar,
pulmonary, hepatic and renal systems show variatidheir function throughout a typical day. They aaturally
followed by the internal body clocks and are colfgrbby the sleep wake cycle [3].

However, a release pattern of drug is not suitébleertain disease condition. At that time relepsafile of a
delivery system characterised by lag time. In otherds, the drug should not release during itdahjteriod of
administration, followed by a rapid and completease (pulse release) of drug that is called plésditug delivery
system [4]. This system aims to deliver a drugthi@ oral route at a rate different than constant zero order
release [5-10]. The lag time is the time intervetmeen the dosage form is placed into the aquentisbament and
drug get to release from its dosage form afterunipg or eroding outer layer. The lag time betw8ek hour to 4
hour is desire for upper region of gastrointestinatt and more than 4 hours for lower portion mia$ intestine
[11]. Pulsatile drug delivery capable of releasitsgdrug content at either a predetermined timata specific site
in the gastrointestinal tract.

Nocturnal and morning wheeze are common symptomgatiénts with asthma. These patients have ovetrnigh
decreases in peak expiratory flow rate or forcecpiratory volume in one second. Because of this
bronchoconstriction they can't sleep well and beeonore hypoxaemic during the night. Although regirhaled
treatment reduces the overnight fall in peak flates in those patients who have taken their tresttae required.
Still some patients complain of nocturnal symptotespite adequate inhaled treatment. As a resuthisfthe
therapeutic effect of theophylline has been studigdch can improve nocturnal symptoms and the nmgyni
decrease in peak flow rates in patients [12].

Theophylline (dimethylxanthine) is methylated xanéhclass of drug used in therapy for respiratasgases such
as chronic obstructive pulmonary disease (COPD)aatidma. It is a nonselective phosphodiesteraskitah also
a bronchodilator, which enhance the respiratoryateuinction and mucociliary clearance. The aimhaf present
work was to develop a time controlled release fdatimn of theophylline based on a enteric coatetktrelease
press-coated technique for nocturnal asthma.

MATERIALS AND METHODS

Materials

The drug theophylline,, microcrystalline cellulositric acid, sodium bicarbonate, ethylcellulosehg€el), low-
substituted hydroxyl propylcellulose (L-HPC) werbtained as gift samples from Cipla Pharma, Mumlalia.
Cross-carmellose sodium, magnesium stearate, tatc purchased from Signet Chemical Corporation, Maimb
India. Hydroxy propyl methylcellulose (K4M & K100Mand Eudragit L-100 were obtained from Fine Chem
Industries, Mumbai, India.

Methods

Formulation of pulsatile tablets

The inner core tablets were prepared by using da@mpression method as showrliable 1. Powder mixtures of
theophylline, microcrystalline cellulose (MCC, Aeic PH-102), citric acid, sodium bicarbonate andssfo
carmellose sodium (Ac-Di-Sol) were dry powder fOrigin, followed by addition of magnesium stearatd talc as
lubricant. The mixtures were then further blended I0 min., 300 mg of resultant powder blend wasumady
compressed using hydraulic press (Riddhi PharmahMery Ltd., Model No: RDB4-10, Ahmedabad, Indid)aa
pressure of 1 ton, with 8mm punch and die to olitaéncore tablet. From the four formulations Al, A3, A4, the
formulation Al is selected as best formulation angss coated with the various compositions comgitiPMC-
K4M, HPMC-K100M, Ethylcellulose and L-HPC with tl@iompositions Table 2). The formulation<1, C2, C3,
C4, C5, C6, C7, C8, C9, different compositions weeighed dry blended at about 10 min and usedessqroating
material to prepare press-coated pulsatile tab{&isC9, respectively by direct compression methedtther the
above formulations were enteric coated with EudragiO0 in acetone (6% wi/v) and the formulationsreve
renamed as F1, F2, F3, F4, F5, F6, F7, F8, F9.
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Table 1: Formulations of core tablets of theophylhe

Ingredient Formulation Code
Al | A2 | A3 | AMd

Theophylline 100 | 100| 100/ 10(Q

Lactose 45 45 - 45

Microcrystalline cellulose 95 95 95 5

Starct - 45 | 45 45

Sodium carbonate : citric acid (1 | 45 - 45 45

Cross carmellose sodium 09 0P qo 09

Magnesium stearate 0 0B 0B Q3

Talc 03| 03| 03| 03

Total (mg) 300 | 300| 300 30d

Table 2: Composition for press coating
Ingredient Cl1 | C2| C3| C4| C5| Cc6| C7| C8] C9
HPMC K4M 200 - - - 50 - 50 - 50
HPMC K100M - 200 - - 50| 50 - 50
L- HPC - - 200 - - - - 50| 50
EC - - - 200f 150, 150 100 150 50
Magnesium stearate 2 2 2 2 2 2 2 2 2
Total weight opress coated tabl-500 m¢

EVALUATIONS

Flow Properties of powder blend

The flow properties of powder blend were charazestiin terms of angle of repose, compressibilityei and
Hausner ratio. Angle of repose was performed ufingel method [13] by keeping a funnel verticaltyd stand at
a specified height above a paper placed on a haekeurface. The funnel bottom was closed and Dfjpowder
was filled in the funnel. Then the funnel was opktereleases the powder on the paper to form agnwonical
heap. The radius of the heap (r) and the heigtheheap (h) were measured. The'tanthe height of the pile /
radius of its base gave the angle of repose. Beilisitly pb) and tapped densitiest were determined and thereby
hausner ratio (k) and compressibility index were calculated acaaydd the following equations.

tapped — p bulk
Compressibility index = pravp P x 100
p tapped
p tapped

p bulk

Hausner ratio =

Hardness, Thickness, Weight variation, Disintegratin time and Drug content of core tablets and pressoated
tablets

Hardness of the tablets was tested using a Mongemtiness tester (Labtech, AVI-PH-45R%]ia). Thickness was
determined by electronic vernier caliper (Sealefgssional tools, Model No: AK962EV.V2, UK). Fridiby of the
tablets was determined in a friability test appasdetan, Koshish Industries, Bombay, India, Mddel SS153).
Disintegration time of the tablets was determinsihg a tablet disintegration test apparatus (Seglldnstruments
pvt. Ltd., Electrolab ED-2L, India) using distilledater as fluid. For drug content (without entri@mting) the tablets
was estimated by the spectrophotometrically atr#Z Shimadzu 1800, Japan).

Invitro drug release of core tablets

In vitro dissolution studies were carried out using USPeTip(paddle method) apparat(Electrolab TDT-08L,
India). Distilled water was used as dissolution med Release pattern wasudied by taking sample of 5 mL at the
specific time intervals and analyzed at 272 nmaisitJV spectrophotometer (Shimadzu 1800, Japan).

Invitro drug release of enteric coated tablets

In vitro dissolution studies were carried out usthgP XXIII Type Il (paddle method) apparat{idectrolab TDT-
08L, India). In order to simulate the pH changemglwith the gastro intestinal tract (GIT), dissmo media with
0.1 N HCI and phosphate buffer (pH 6.8) were setialin used.When performing the experiment, 0.1 N HCI
medium was used for 2 h (since the average gastatying time is 2 h). Then removed and fresh phaspbuffer
(pH 6.8) was added for subsequent hours. 900 mL of the ldszo medium was used at each time and stirréxDat
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rpm at 37 + 0.2C. 5 mL of dissolution media was withdraw at pred®iaed time interval and fresh dissolution
media was replaced. The withdrawn samples werg/zedlat 272 nnusing a UV spectrophotometer.

Determination of lag time (%) for enteric coated tablets

The dissolution profile shows lag time with theegitt coated formulations (F1-F9). The intentiortlod study was
to develop a pulsatile tablet which will be prosetfrom gastric environment and will release thegdapidly in the
intestine after administration. Therefore abovenfaiations showed various in lag time with respedheir coating
level. The lag time was determined while perfornting dissolution test.

Stability Studies

The stability studies were carried out of the neattsfactory formulation as per ICH guidelines $sess the drug
and formulation stability. The most satisfactorynimlation sealed in aluminum packaging and kepthumidity
chamber maintained at 30 + 2 °C, 65 + 5% RH amDat 2 °C, 75 + 5% for two months [14]. At the esfcstudies,
samples were analyzed for the post-compressiomyedess like hardness, drug content and lag time.

RESULTS AND DISCUSSION

The pulsatile drug delivery system consisted oemecore tablet containing drug reservoir and ouatating layer
with various composition of water insoluble polynsthylcellulose and water soluble polymer L-HPC &tfMC.
Various core tablets of theophylline is prepared-gd) from which, the formulation Al is selected lasst core
tablet due to its disintegration time and furthegss coating and enteric coating.

ETP tablets are composed of three components, g aataining core tablet (rapid release functiahg press
coated with swellable hydrophobic polymer layethgéiroxy propylcellulose layer and hydrophobic etbgllulose
and Eudragit L-100 as an enteric coating layeraftid resistance function. The tablet does not sel¢he drug in
the stomach due to the acid resistance of the euteric coating layer. After gastric emptying, grgeric coating
layer rapidly dissolved and the intestinal fluidghes to slowly erode the press coated polymer layénen the
erosion front reaches the core tablet, rapid delggse occurs since the erosion process takeg ditoa as there is
no drug release period (lag phase) after gastrfitygng. The mechanism of producing a lag time & fbrmulation
was based upon the hydration of outer barrier legma / or water penetration through outer barragret.
Ethylcellulose was used in combination with L-HPCaaresult of solubility of L-HPC upon contact witlssolution
medium, L-HPC hydrated and form compact with etejldose. The hydrophobicity of ethylcellulose refs the
hydration of L-HPC. Therefore dissolution mediurd dit penetrate but the coating eroded slowly.

Flow Properties of blend

The blend prepared for core tablets was evaluatethéir flow propertiegTable 3). Bulk density varied between
of 0.33 + 0.021 to 0.37 + 0.018 gm / tiand tapped density lies between 0.37 + 0.0204d 8.0.017 gm/cth
Carr's indexwas found to be 12.2 + 0.36 to 17.4 + 0.21% andshewuratio ranged from 1.13 + 0.020 to 1.20 *
0.017 for powers of different formulations. Anglé repose ranged betwe@7.7 + 0.14and 30.5+ 0.18. These
values indicated that the prepared powers exhilgjtexdi to fair flow properties.

Table 3: Flow Properties of powder

Formulation code B(Lg;d/?r%ty Taz)gprﬁcj (c:is%sny Carr’s index (%) | Hausner ratio (%) | Angle of repose @)
Al 0.35 0.015 0.4G: 0.012 12.5:0.28 1.14+0.012 27.7+0.14
A2 0.33+0.021 0.37+0.02( 12.2+0.3€ 1.13+0.02( 29.7+0.2¢
A3 0.37+0.018 0.44:0.017 14.7%0.24 1.17+ 0.022 30.4- 0.16
Ad 0.36+0.012 0.43: 0.014 17.4:0.21 1.20£ 0.017 30.5:0.18

Mean £SD,n=3

Hardness, Thickness, Weight variation, Disintegrattn Time and Drug content of core tablets

The physico-chemical properties of all the formiolas (Al - A4) are shown ifiable 4. The hardness for different
formulations was lies between 4450.052 and 4.6 0.032 Kg/cm and it indicating that all the formulation is
having satisfactory mechanical strength. The avevegjght of the core tablets varied 299 + 0.20 mg) 201+ 0.12
mg, and thickness ranged between 5t48.023 and 5.52 0.018 mm for different formulations which are well
within the desirable limit and indicating uniform mass and thickness. The friability ranged froB2& 0.014 to
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0.74+ 0.012% for different formulations and it was bel@®b, which represents good mechanical resistantieeof
tablets. The drug content ranged between 9&.9616 and 99.82 0.21 mg in different formulations, showed
favorable drug loading efficiency. Based on thefifity, formulation A1 was selected as best foration and press
coated and enteric coated for further evaluatidndiss like physico-chemical properties a@ndvitro drug release

studies.

Table 4: Post compression parameter of theophyllineore tablet

Forrggldagon (izr?r;?nsg Thz;krg;ess F”?)Bo')"ty Disintegration Time (sec) | Weight Variation (%) Drug(?/o()mtent
Al 45+0.057| 5.5@0.011| 0.52-0.014 58+ 0.4 299+ 0.24 99.82 .21
A2 4.6+0.02¢ | 5.46+0.027 | 0.74+0.01Z 180+ 0.2 301+0.12 98.96+ 0.1€
A3 45+0.052| 5.52:0.018| 0.680.017 15# 0.2 300 +£0.16 99.240.21
A4 4.6+0.032| 5.56-0.021| 0.62:0.013 181+ 0.3 299 +0.20 99.42 0.22

Mean £SD,n=3

Hardness, Thickness, Friability, Weight variation and Drug content of press coated tablets

All the formulations showed almost uniform sizeagl and appearance. The physico-chemical propeftigsthe
formulations (C1-C9) are shown Trable 5. Thickness ranged between 686.19 and 6.72 0.18 mm and weight
ranged between 4980.16 and 504 0.18 mg. The friability ranged fro@.4 + 0.18t0 0.7 £ 0.16 % and hardness
lies betweer6.34+ 0.14 and5.92+ 0.12 Kg/cm. The drug content ranged between 924628 and 101.16 0.16
mg, in different formulations, showed favorablegltoading efficiency.

Table 5: Post-compression parameters of press codttablets

Forrggldagon Th(l;kr:;ess TP? g:;jcnnizzs)s Friability (%) | Weight Variation (mg) | Drug Content (%)
C1 6.45+ 0.22 | 6.45:0.16 0.5+0.14 504+ 0.18 99.32: 0.24
Cc2 6.67+0.18 | 6.72:0.24 0.6 +0.18 502+ 0.24 98.82+ 0.18
C3 6.36£0.19 | 6.34-0.14 0.6+0.11 499+ 0.22 99.72¢ 0.32
C4 6.42+ 0.28 | 6.74:0.11 0.7+0.16 503+ 0.19 101.16:0.16
C5 6.72+ 0.18 | 6.82:0.19 0.4+0.19 502+ 0.26 100.62 0.18
C6 6.52+ 0.20 | 6.92:0.12 0.5+0.12 500+ 0.20 99.42+ 0.21
Cc7 6.42+ 0.16 | 6.52+0.20 0.5+0.19 498+ 0.16 97.96 0.28
C8 6.49+ 0.24| 6.84:0.14 0.4+0.18 500+0.23 99.58t 0.12
Cc9 6.64+0.21 | 6.68-0.17 0.5+0.24 501+0.21 99.34¢ 0.25

Mean £SD,n=3

In vitro drug release of core tablets and enteric coatedtbets

In vitro release of theophylline from core and enteric abéablets is shown ifig. 1 & 2. From formulation A1,
A2, A3 and A4 (core tablets), A1 showed faster drlgase after 9 mins. Faster drug release caorbelated with
the high disintegration anfiability observed in this studyBased on the above characters formulation, A1 was
selected as best formulation and press coated redecoated to find out the changes in the release of the
theophylline from enteric coated tablets. The fdatians F1, F2, F3, F4 and F7 showed maximum delgase
after 12", 10", 5", 6" and §' hr respectively. F6 and F8 showed maximum drugase after 7 hr and F5 and F9
shoed after B hr. Time dependent pulsatile drug delivery system been achieved from tablet of formulation F8
with 99.50%, drug release which meet demand ofrestteerapeautic drug delivery. The formulation F8taming
L-HPC (50 mg) and EC (150 mg) for press coatinchvéit% w/v Eudragit L-100 was found to be optimum as
enteric coating polymer

Lag time (t*°) for enteric coated tablets

The dissolution profile of all 9 batches shows @&asge in the lag time with respect to their polymé&he aim of the
study was to develop a tablet which will be pratelcirom gastric environment and will release thegdapidly in
the intestine after 5-6 hours of administration.t&® above batches showed increase in lag time #t®+2.64 to
579 +4.04 min with respect to their composition coatiexgl. Data are show shownkigure 3.
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Fig 3. Lag time of enteric coated tablets

Stability studies

Stability studies of selected formulation F8 weesfprmed at temperature of 30 + 2°C, 65 + 5% RH andi0 + 2
°C, 75 + 5% RH for two months. The changes in thygearance, drug content and lag time of the stiadgldts were
investigated at the end of 1 and 2 month inten&tability studies revealed that there was no figmt change in
hardness, drug content and lag time of the all édations No color changes or an unexpected change in Kherée
was observed. The drug content was found to beemange of 96.82 0.44mg to 98.94+ 0.38mg. The results of
stability studies indicated that the formulationeres physically and chemically stable during the pesiod. The
data of stability study is shown Trable 6.

Table 6: Evaluation parameters of most satisfactoryormulation F8 during stability studies

Time Hardness | Drug content | Lagtime
(Days) (kg/cm?) (%) (min)
0 6.84+0.14 | 99.5¢+0.1Z | 293+ 2.64

At30+2 °C,

20 65 + 506 RH 6.5+ 0.54 98.94+ 0.38 | 291 +3.18
At 40+ 2 °C,
75 + 506 RH 6.4+ 0.26 98.04 0.22 | 291 +4.82
At30+2 °C,

o0 65 + 5% RH 6.4+0.24 97.35:0.18 | 288 +1.92
At 40 +2 °C
75 + 5% RF 6.3+ 0.38 96.82:0.44 | 286 +2.71

Mean +SD,n =3
CONCLUSION

In accordance with chronotherapeutic model for moel asthma, symptoms typically occur between ighinand
especially around 4 am to 6 am because of increaisedy responsiveness and worsening of lung foncfrhus
this study attempts to design and evaluate a chnodalated drug delivery system of theophyllineranichodilator
for the treatment of asthma. To achieve this, thglipe core tablets were coated with compositibimyrdrophobic
and hydrophilic polymers and were further coatethwain enteric coating polymer (Eudragit L-100). SThoat has
enabled us to achieve definite non-release lagepfd® pulsatile ETP tablets were designed to prtedieig release
in stomach and release drug rapidly after predébemunlag time in the intestinal tract when pH iwab 6. The
intention is that the formulation should be adnteried in the evening at 22:00 in treating diseasewhich
symptoms are experienced in the early morning hug0 to 06:00). The system was found to be satisfy in
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terms of release of the drug after a predetermiagdime when the greatest need of drug in earlyning to treat
the disease. One of the promising formulation detedrfor pulsatile drug delivery system with speciéig time 5
hours hence with the existing drug molecule, therbtherapeutic management of asthma has operfimgnalease
of life”.
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