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ABSTRACT KEYWORDS
The present study was all about to deliver adrug after certain lagtime. The Montelukast sodium;
study was to develop a multiparticulate pulsatile drug delivery system for Lagtime;

montelukast sodium. This study was done to increase half life of drug by
increasing lag time. The pulsatile drug delivery system hasimportance that
it deliversthedrug in gastrointestinal tract after certainlag time. The mixture
of Eudragit RL100 and Eudragit S100 was used for enteric coating purpose.
Continuous dissolution studies were carried out in simulated gastric,
intestinal, and colonic fluid with pH 1.2 (0.1 N HCI), pH 7.4 and pH 6.8
(phosphate buffer), respectively. The lag time was completely depending
onratio of acrylate polymersi.e. ERL and ES and percentage coating level
used. The formulation comprising 12% coating level and 1:4 ES: ERL ratio
was found to be an optimized formulation. The in vitro study showed lag

Multiparticulate;
Factorial design;
Circadian rhythm.

time 4 to 8 hours to release the total drug in different buffers used.
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INTRODUCTION

Drug delivery technology isnow adaysregularly
used toimprovethe quality of pharmacotherapy. Tar-
geted pulsatile oral drug delivery may beavaluable
approachwhenrel ease of an activeingredient, because
of itslocal action, isneeded in acertain segment of the
gastrointestinal tract or when releaseisdesired after a
certain lag-time (chronotherapy)!. Thereisagrowing
awareness of theimportance of disease stateand drug
action in chronopharmaceutics and chronopharma-
cology. Circadian rhythm regul ates many body func-
tionsin humans, viz., metabolism, physiology, behavior,
sleep patterns, hormone production, etc. It hasbeen

reported that more shocksand heart attacksoccur during
morning hours?. Asthmaattacks are also reported to
behighinthemorning. A pul satilerelease profileschar-
acterized by alag timefollowed by rapid and complete
drug release. Significant daily variationsin pharmaco-
kineticsor drug effectshave been demonstrated in man.
Depending upon thephys ologi cal and pathophysiol ogi-
cal changes of circadian rhythmicity, nocturna symp-
tomsand overnight decrementsinlung functionsarea
common part of the asthmaclinica syndrome (Circa
dian changesare seenin normal lung function, which
reachesalow point intheearly morning hours. Thedip
isparticularly pronounced in peoplewith asthma, be-
cause bronchoconstriction and exacerbation of symp-
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tomsvary inacircadian fashion. Asthmaiswell con-
trolled with oral corticosteroids, 2 agonists and
leukotrineantagonists¥. For such conditionsadrug de-
livery system administered at bed time, but releasing
drug during morning hoursformulationswith suitable
lag timewere devel oped in recent daysfor betterment
of the patient™. The recent interest in multi ple-unit dos-
ageformsistheresult of the advantagesthey offer over
thesingle-unit syssems. Multiple-unit dosageforms of-
fer more predictable gastric emptying, |ess dependent
onthestate of nutrition, lessvarianceintransit time
through thegastrointestind tract (GIT), ahigher degree
of dispersoninthedigestivetract, lessabsorption vari-
ability, and alesser risk of dose dumping than single-
unit dosageforms.Various pharmaceutical approaches
that have been used for targeting drug tothe colon are
mainly based on pH-dependant, time-dependant, and/
or bacterially degradable systems”¥. Among these
approaches, pH-dependant systemsaressimple, but the
suitability of themfor usngdoneasacolonicdelivery
indifferent physiologica and pathologica conditionsin
GIT hasbeen doubtful. Therefore, the pH-dependant
systemwaseva uated in combination with time-depen-
dant systemin order to aleviatethe pH dependency of
former system and to ensure drug release under differ-
ent physiologica conditions. Theuse of pH-dependant
and time-dependant polymers as coating materia sfor
colonic drug delivery hasbeen reported previoudy. In
those studies sustained rel ease and pH-dependant poly-
mers have been applied as separate coating layerson
top of each othert®. The combination of time- and pH-
dependant polymer asasingle coating has been used
to providethepulsatiledrug releaseintheunit formula-
tion®. Thereisno report ontheuse of mixturesof these
two kinds of polymersasasingleor in combination
coding sysemfor thedevelopment of amultiparticulate
drug delivery system for montelukast sodium. Thedrug
Montdukast sodium (MS) isvery efficient againgt asthma
andif itwill bereleased during morning hours. Soto
rel ease thisdrug during morning, it iscoated with mix-
turetime dependent and time dependent acrylate poly-
mers. The objective of the present study wasto opti-
mizetheformulation consisting of Eudragit® RL100
(ERL®), a time-dependant polymer, and Eudragit®
S100 (ES®), a pH-dependant polymer for the coating
of MSpelletsto achievethecolon-targeted drug deliv-
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ery system (CTDDS)®. Eftcient plasticization of
Eudragit S100 was necessary to reducethe polymer’s
glasstransition temperature and melt viscosity. Softri-
ethyl citrate used asaplasticizer. Unpladticized Eudragit
S100 exhibit high glasstransition temperatures(Tg) of
172 °C (determined by MDSC) and undergo thermal

degradation above 180 °C. High TEC levels (30%
based on the polymer weight, 20.8% absol ute) were
necessary to sufficiently lower the Tgand the process-
ing temperature of polymethacrylic blends below the
threshold temperature of thermal degradation”.
Montel ukast isan effective and well-tolerated preven-
tativetreatment for athmaand dlergicrhinitisin adults
and childreni™, Theleukotriene receptor antagonist
montel ukast decreases bronchial responsivenessand
exercise-induced symptomsin asthmatic childrenCys-
LTsarekey componentsintheearly and lateallergic
alrway response and al so contributeto bronchial ob-
struction after exerciseand hyperventilation of cold, dry
air in asthmaticd*3. Montelukast modifies action of
leukotrienes, which are the most potent
bronchocongtrictors, by blocking cysteinyl leukotriene
receptors. Systemic drug like mountel ukast can reach
lower airwaysand improvesthe periphera functions
which play acrucid roleintheevolution of asthma™.

MATERIALSAND METHOD

Materials

Drug M Swasakind gift of Glenmark Pharmaceu-
ticals, Mumbai. Microcrystalline cellulose spheres
(Celphere CP 203, 150-300 mesh) and hydroxy pro-
pyl cdlulose(HPC-L) weresupplied asfreegift sample
from Micro Labs, Bangalore. ERL® and ES® were
obtained from Rohm Pharma (Gmbh, Germany).
Triethyldtrate (TEC) and dichlorometh-ane (DCM) was
supplied asagift samplefrom Merck (Germany). Iso-
propyl acohol (1PA) was obtained from Loba Chemi-
cals(Mumbal, India). Other ingredients such aslubri-
cantsand glidants used to prepare the pelletswere of
standard Pharmacopoeia grade.

Experimental design

To optimize the formulation, the 32 design was
implemented. Theindependent variableswereratio of
ESto ERL (X1) and percentage coating level (X2).
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Thedependent variables (responses) werelagtime (Y 1)
anddrugreleasein 7hin 6.8 pH buffer (Y 2). Theinde-
pendent and dependent variablesand theused levels
aresummarizedin TABLE 1. Theresulting formula-
tionsarelistedin TABLE 2.

TABLE 1: Independent and dependent variablesand thelevels
used for factorial design

Factors (independent Levelsused Responses (dependent
variables) 1 0o -1 variables)
X1=ratio of Eudragit S 0% 20% 40% Y 1= lagtime (h)
100 to Eudragit RL 100 (2:0) (1:2) (119
X 2= percentage coating 6 12 18 Y 2=drug releasein 7

level h(%)

TABLE 2: Composition of experimental for mulations

Variablefactors

Sr.No. “ X 1(Eudragit S: .
Eudragit RL ratio) X2 (Coating level) (%)
1 1.4 6
2 1.4 12
3 1.4 18
4 1:2 6
5 1.2 12
6 1.2 18
7 1.0 6
8 1.0 12
9 1.0 18

Preparation of drug-layered pellets

Drug-loaded pellets were prepared by a spray-
drying technique. M ontel ukast sodium was homoge-
neously dispersed in an agueous sol ution of HPC-L
whilestirringwith amagnetic stirrer. Thedrug disper-
sion was passed through a100 mesh sieve. Thedrug
dispersion wasthen sprayed on cel phere seedsusing
thefluidized bed coater, bottom spray (Miniglatt, Glatt
GmbH, Binzen, Germany) witha0.5 mmnozzleat a
feed rate of 0.5-3 g/min using a peristaltic pump. The
spraying processwith the drug dispersion was contin-
ued to achievethetarget drugloadingleve. Thedrug-
loaded pelletswerefinally dried at 45°C for 15 min
and were used for further coating with acrylic poly-
mers. The composition of thedrug-loaded pelletsis
givenin TABLESS3.

Entericcoatingof pellets

Six per cent (w/w) solutions of polymethacrylates
(ERL® and ES®) were prepared in [PA:DCM (7:3)
mixture. Based on the experimental design, the de-

—= Pyl] Peper

tailed composition of different batcheswasgivenin
TABLE 4. The solution was plasticized with TEC
(15%, w/w, with respect to dry polymer), and then
talc was added asaglidant (5%, w/w, related to dry
polymer). Forty-fivegramsof TP pelletswere coated
in afluidized bed coating apparatus (Wurster insert,
Werner Glatt). Coating conditionsare, inlet tempera-
ture, product temperature, fluidization air, for drug lay-
ering and polymer coating are 55 and50, 48-52 and
38-40 respectively, suspension spray rate, atomiza-
tion pressure are 0.5-3 and 0.40-0.60 respectively.
Samples of coated pellets were removed from the
apparatus when the coating load had reached 6, 12,
and 18% (w/w). At each stage the pelletswere gently
fluidized or <™ 10 min.

TABLE 3: Composition of drug-loaded celpherepellets

Composition mg/capsule
Celphere CP 203 70
Solidsin layering dispersion
Montelukast sod. 10.4
HPC L 1.8
Methanol 3.9
Tota 86.1

g.s.- 6 % W/W organic solution was prepared
Drug release study of enteric coated pellets

Accurately weighed enteric coated pellets equiva
lent to 10.4mg of Montel ukast sodiumweretransferred
to thedissolution medium. Thetest wascarriedoutina
USPdissolutiontypel assembly (Electrolab, TDT-08L,
India) at arotation speed of 100 rpm 900 ml medium
at 37°C in media with pH 1.2 (HC10.1 N), pH 7.4 and
pH 6.8 (phosphate buffer) for 2 h, 3 h, and theremain-
ing 3 h, respectively. The5 ml diquotsof thedissolu-
tionfluidwereremoved at specified timeintervalsand
assayed for theamount of M S by spectrophotometer
(Shimadzu, UV 1700, Japan) at wavelength 287,
290,287.4 nm for 1.2,7.4,6.8 pH buffers respec-
tivelyo4,

Differential scanningcalorimetry (DSC)

Thepossbility of any interaction between M S, poly-
mers, and other excipients was assessed by DSC
(Mettler Toledo Stare DSC 822c, Germany). The
thermogram of the sampleswere obtained at ascan-
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ning rate of 10°C/min conducted over a range of 0—
350°C under an inert atmosphere flushed with nitrogen
at arateof 20 ml/min.

FTIR Spectroscopy

FTIR spectrumswererecorded for Montel ukast
sodium and for final formulation. (FTIR 8400S
Shimadzu, Japan) FTIR spectrum wastaken by KBr
pellet method and was compared with thereference
standard IR spectrums of the drugs. Theinteraction
between excipientsand drug was studied.

Scanning electron microscopy (SEM)

Thebeadsof microcrystalinecdlulose, drug coated
and polymer coated formul ation were coated with pal -
ladiumfor 5 min. Morphol ogica examination of beads
surfaceswereperformed at 10 kV at appropriate mag-
nification using ascanning el ectron microscope (Jeol
Model JSM-5800LV, Tokyo, Japan). The surfaceto-
pography and cross sectional view wasalso analyzed
with SEM9,

Satistical analysisof data

Theeffectsof independent variablesupon there-
sponseswere model ed using asecond order polyno-
mid equation. Themathematical mode of the effectsof
independent variables upon thedependent variableswas
performed using Stat-Ease Design Expert (Version
7.1.6) withamanud linear regressontechnique. Asg-
nificant term (p < 0.05) was chosenfor fina equations.
Findly, response surface pl otsresulting from equations
weredrawn.

X X

Y:bo+b1x1+ b2x2+ b12 Kot b1x12+ bzzxz2 1)
whereY isthedependent variable, bOisthearithmetic

mean response of the nineruns, and bi (b1, b2, b12,
b11, and b22) isthe estimated coefficient for the corre-
sponding factor Xi (X1, X2, X1X2, X12, and X22),
which representsthe averageresult of changing onefac-
tor at atimefromitslow to high value. Theinteraction
term (X1X2) shows how the response changeswhen
two factors are s multaneously changed. The polyno-
mial terms (X 12 and X22) areincluded to investigate
non-linearity. All ninebatichesof desgnhaveshownwide
variationinlagtimeand percentagedrugreleasein 7 h
(4-8h and 85-99%, respectively). The fitted equations
relating the response Y 1 and Y 2 to the transformed
factor areshown in equations(2) and (4), respectively.
A backward elimination procedure was adopted to fit
the datainto different predictor equations. The qua-
dratic modd generated by regresson anaysiswereusd
to construct thethreedimensional graphsinwhichthe
response parameter Y was represented by acurvature
surfaceasafunction of X. Numerica optimization us-
ing desirability approach was empl oyed to locatethe
optimal setting of theformulation variablesto obtainthe
desired response.

RESULTSAND DISCUSSION

Basic structure of the coated pellets. The drug
coated pelletsand polymer coated pelletsare formu-
lated with the hel p of wurster coating process. Thishas
been donewith the help of glatt coater. In the coating
step, thedrug loading process had an efficiency of ~
90% and ~ 80-85% in polymeric coating. The loss of
final product occurred dueto the formation of some
agglomeratesand finesin the product bed, and theloss

TABLE 4 : Composition of experimental for mulations

ES.ERL(1:4) ES.ERL(1:2) ES:ERL(1:0)

6% 12% 18% 6% 12% 18% 6% 12% 18%

A B C A B C A B C

Drug Layered Pellets(mg) 70 70 70 70 70 70 70 70 70

ERL (mg) 3.36 6.72  10.08 2.8 5.6 8.4
ES (mg) 0.84 1.68 252 139 2.79 4.17 4.17 834 1251
TEC (mg) 0.62 1.25 1.88 0.62 1.25 1.88 0.62 1.25 1.88
DCM (mg) 19.74 3948 5922 1974 3948 59.22 1974 3948 59.22
Total Weight of Enteric Coated pellets (mg) 75.2 79.4 83.6 75.2 79.4 83.6 75.2 79.4 83.6
Lubrication talc (mg) 187 198 208 187 198 208 187 198 208
Total Weight Of 7707 8138 8568 77.07 8138 8568 77.07 8138 85.68

Lubricated Pellets (mg)
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of coating solidsto exhaust. Thebasic structure of the
film-coated pdletshasbeen schematicaly showninFHg-
urel. Inorder to determinethelevelsof factorswhich
yield optimum dissol ution responses, mathematical re-
|ationshi pswere generated between the dependent and
independent variables.

Polymer coating

h 4

Drug coating

MCC pellets

Figure 1: The basic structure of the film-coated pellets

Theequations of theresponses aregiven below:
Find Equationin Termsof Coded Factors:
lag time (Y1) =+5.90+0.83* X1-0.33* X 2+0.25*
X1* X2-0.64* X12-0.14* X22 @
Find Equationin Termsof Actua Factors:
lag time =+5.04023+0.80460 * Eudragit S-5.26820E

-003* % Coatinglevel +0.020833 * EudragitS*
% Coatinglevel-0.15948- Eudragit S2-3.83142E-

003** % Coating level2 3
Equationin Termsof Coded Factors:

Drug releaseafter 7 hrs
(Y2) =+93.63-2.47 * X1-3.39* X2-0.58* X1*
X2-0.14* X12-1.62 * X 22 @

Find Equationin Termsof Actua Factorsdrug release

after 7hrs

=+95.09915-0.51401 * Eudragit S+0.61258*

% Coating level-0.048333* Eudragit S*

% Coating level -0.035664 * Eudragit S2-0.045060*

% Coating level2 +2.08 8333% ratio of polymers* (5)
The equationsrepresentsthe quantitative effect of in-
dependent variables (X 1and X 2) upon the responses
(YlandY?2).

Analysisof variance (ANOVA) (TABLE5) indi-
cated the assumed regression model swere significant
and valid for each considered responses. The three-
dimensional response surfaceswere plotted to estimate
the effect of independent variables on each response
[Figures3(A) and 3(B)]. Figure 3 (A) showstheeffect
of twoformulationfactorsonlagtimeandindicatesthat
increaseinratio of ES: ERLriseslagtimesignificantly.
ERL isacopolymer of ethyl acrylate methyl methacry-
late, and alow content of amethacrylic acid ester with
quaternary ammoniumgroups(trimethy-lammonioethyl
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Figure2 B : In vitro release study

methacrylate chloride). The ammonium groups are
present as saltsand makethe polymers permeable. ES
isacopolymer of methacrylic acid and methyl meth-
acrylate, and theratio of carboxyl to ester groupis<e
1:2. Lower ratio of carboxyl groupin ES causesless
ionizationin neutral to akalinemediathan ERL, and
hence showsd ower solubilization™. Theeffect of coat-
ingthicknessonlagtimeislesser at low levelsof ES
andrisesat ahigher ratio (Figure 3A). However, by
using proper combinations of ES, ERL, and coating
leve, therelease of drug from formulation after an op-
timum lagtimewill beensured. Sometimessinglepoly-
mer system does not rel eases drug at predetermined
position so combination of polymers benefitial rather
than single polymer!*8. A numerical optimizationtech-
nique using the desirability approach wasemployed to
devel op anew formulation with thedesired responses.
Constraintswere applied to thefactors (X1 and X2)
and (Y 1andY 2) for optimizing thedesired formul ation.
The optimized formulation was eva uated for lagtime

——,  \lBCromolecules
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Source Sum of Squares df Mean Square F Value P Value Prob > F
Analysis of Variationfor Y, (lag timein hr)
Model 6.68 5 1.34 16.85 0.0009 significant
A-Eudragit S 4.17 1 4.17 52.59 0.0002
B-% Coating level 0.67 1 0.67 8.41 0.0230
AB 0.25 1 0.25 3.16 0.1189
A2 112 1 112 14.19 0.0070
B2 0.053 1 0.053 0.66 0.4422
Residual 0.55 7 0.079
Cor Tota 7.23 12
Analysis of Variancefor Y, (%drug realeasein 6.8)
Model 116.27 5 23.25 27.29 0.0002  significant
A-Eudragit 36.70 1 36.70 43.08 0.0003
B-% Coating level 69.08 1 69.08 81.08 <0.0001
AB 1 1.35 158 0.2492
A2 1 0.056 0.066 0.8047
B2 1 7.27 8.53 0.0223
Residual 5.96 7 0.85
Total 122.23 12
6. Thedrug release profiles of different enteric coated
formulationsweregivenin Figure 2. Accordingtothe
design best formulation obtai ned who produced de-
2 sired responses. The best parameters for optimised
g batch are 12% coating level and 1:4 ES:ERL. By

drug release after 7 hrs

400 RN \ Y \ \‘ 500

"0

LY
- \ N 1200
N "o B: % Coating level
000 1800

Figure 3B : Response surfaceplot for Y response (% re-
leasein 7 h)

and percentage drug rel ease after 7 h. The values of
predicted and observed responsesareshownin TABLE

Macromolecules o m——

substituting X1 and X2 by the amounts of optimized
formulation in equations (3) and (5), predicted re-
sponseswere obtained. In order to check thevalidity
of the optimization procedure, anew batch of pellets
with the predicted levels was prepared. The result
showed that the observed responses wereinside the
constraintsand closeto predi cted responses, and, there-
fore factorid designisvaidfor predicting theoptimum
formulation (TABLEG6).

The pelletswere prepared according to optimum
formulation and released no drug at pH 1.2 (0.1 N
HCI), pH 7.4, and showed burst release at pH 6.8.

Drug release study

Drug release study was donewith thehelp of USP
dissolution apparatustypell. | found very little quan-
tity of drugin 1.2 and 7.4 pH buffer infirst 6 hrsbut
significantly drug releaserisein 6.8 pH buffer after 6
hrs. This6.8 pH isfoundinintestinesoit will release
the near about 90% quantity of montelukast sodiumin
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intestine. For intestina release and after 6 hrsrelease,
used site specific polymer (Eudragit S100) and time
dependent polymer (Eudragit RL100). Therelease
profile of drug-layered pelletsat pH 1.2, 7.4, and 6.8
isshown in Figure 2(A) and (B). The drug-loaded
pelletswere coated with polymeric layer successively
using asolvent coating technique. The polymericlayer
wasthewater insoluble ERL and ES. Theimportance
of thispolymer layer isto protect the drug from me-
tabolizedinstomach and to deliver thedrug after some
lag time. In order to simulate the pH changesalong
the Gl tract, three dissolutionmediawithpH 1.2, 7.4,
and 6.8 were sequentially used, referred to as sequen-
tial pH change method*>1¢, At pH 1.2 (gastric fluid)
none of theformulationsrel eased their drug content
upto2h.

Differential scanningcalorimetry (DSC)

The DSC thermogram shows asharp endothermic
peak at 138.68 °C for M S (Figure4A). Whileinfinal
optimum formulation, the endothermic peak was ob-
served at 140.45°C (Figure4B). Eva uation of thether-
mogram reveal ed no i nteraction between the polymer
anddrugintheformulation.

Figure4: DSC thermograph of montelukast sodium (A)
and optimal formulation (B)

FTIR sectroscopy

IR spectrums showed no interaction between
excepientsand drug asdrug showsall main peaksfor
principal functional groups (Figure5A and 5B). Spec-
trum of formulation givesrangeat 1760 which means
drug showedit contains—COOH group. Also it showed
3056 for aromatic stretching, 1651 for CN stretching

—= Pyl] Peper
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Figure5: FTIR graph of montelukast sodium (A) and opti-
mized formulation (B)

Scanning e ectron microscopy (SEM)

Figure 6 shows SEM of optimum formulation (a)
MCC pellets (30x) (b) drug layered (30x), (c) cross
sectiona view of drug layered pellets (120x) (d) poly-
mer coated (30x) and () cross sectional view of poly-
mer coated pellet. The surface of pellets showssmooth
and uniformly coated spherical structure. Cross sec-
tional view of drug layered pelletsshowsclearly dis-
tinct layersof drug coating and inner pellet material .
Crosssectional view of polymer coated pellets shows
dense structure as goes centreto periphery.

Sability study

Stahility studieswere performed as per ICH guide-
lines. Physicochemical parameter determineat thein-
terval of 15, 30, 60 days are shownin TABLE 7. It
wasfound that the pdllets of optimized batch (F2) were
stableeven at exaggerated condition of temperatureand
humidity.

CONCLUSION

This study could be used to formulate
multiparticulate pul satiledrug delivery sysem. Thepul-
satile delivery of drug is obtained by using
polymethacrylates over aperiod of 4to 8 hours. Thisis
very beneficia for chronologica conditions. Theopti-
mized formulation obtained with thehd p of design study
programme. The structured incorporation of timeand
stegpecific polymersimprovescontrolled and delayed
drug ddiveryincolon. Thisformulation will be benefi-
cia for alergic rhinitisand exerciseinduced asthma.
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Theratio of Eudragit RL 100:S100 and percentage
coating level affectsthedrugreleaselagtimein GIT.
Thusthistypeof formulation givesrdief in asthmaes-
pecialy which occursat early inmorning.
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