Trade Science Inc.

ISSN : 0974 - 7478 Volume 7 | ssue 2

Macromolecules

A Jndian Joaraal

— [yl Paper

MMAIJ, 7(2), 2011 [37-48]

Formulation and in vitro evaluation of theophylline matrix tablets
prepared by direct compression: Effect of polymer blends

Ibrahim El-Bagory**, Nahla Barakat?, Mohamed | brahim?, Fouza El-Enazi?
1K ayyali Chair for Phar maceutical I ndustries, Department of Phar maceutics, Faculty of Phar macy,
King Saud Univer sity, Riyadh, (KINGDOM OF SAUDI ARABIA)
2Department of Phar maceutics, Faculty of Phar macy (Girls), King Saud Univer sity,
Riyadh, (KINGDOM OF SAUDI ARABIA)
Received: 1% November, 2010 ; Accepted: 1% December, 2010

ABSTRACT

KEYWORDS

The deformation mechanism of pharmaceutical powders, used in formulat-
ing directly compressed matrix tablets, affects the characteristics of the
formed tablets. Three polymers of different deformation mechanisms were
tested for their impact on theophylline directly compressed tablets namely
Kollidon®SR (KL SR, plastic deformation), Ethylcellulose (EC, elastic defor-
mation) and Carnaubawax (CW, brittle deformation) at different compres-
sion forces. However, tablets based mainly on KL SR, the plastically de-
formed polymer (TN1) exhibited the highest hardness values compared to
the other formulae which based on either blends of KL SR with CW, thevery
brittle deformed polymer. The upper detected forcefor TN formulae and the
lower punch force were found to dependent mainly on the powder deforma-
tion. Thisdifference is attributed to the work done during the compression
phase as well as the work lost during the decompression phase. Further-
more, therelease profiles of TN from formulae TN2 and TN4 that based on
the composition (2KL SR: 1EC) and (1K L SR: 2EC), respectively, were con-
sistent with different deformation mechanisms of KL SR and EC and onthe
physicochemical propertieslike the water absorptive capacity of EC. Upon
increasing the weight ratio of KL SR (TN2), the release rate was greatly
retarded (39.4, 37.1, 35.0 and 33.6 % released after 8hat 5, 10, 15and 20 kN.
© 2011 Trade ScienceInc. - INDIA
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INTRODUCTION

The consolidation of powder into atablet can be
dividedintoinitia packing of theparticlesand elimina
tion of void spacesin the powder bed. Asthe applied
forcesrise, eatic deformation, plastic deformation and
brittlefracture of the particlesoccur. At thisstage, in-

termol ecular bonding takes place, and acoherent mass
isformed. Threetypes of bond applicableto tablets
include solid bridges, intermol ecul ar forcesand me-
chanical interlocking™, but they never act indepen-
dently™?. Intermol ecul ar forces congtitute the dominat-
ing bond mechanism for pharmaceutical material §°.
Solid bridges have been defined asareas of physical
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contact between adj acent surfaces. They can occur due
tometing followed by resolidification or by dissolution
of solid materiasfollowed by recrystalization®. The
nature of solid bridgesis dependent on the chemical
structureof thematerid®¥. Compression forceisspread
into themass by particleto particle contacts. Presence
of moistureisal so reported to beimportant inthefor-
mation of solid bridges™3.

If two surfacesare sufficiently closeto each other,
they will exhibit mutua attraction. Intermolecular forces
include threetypes of forces: van der Waal’s forces,
hydrogen bonding and e ectrogtatic forces. Thestrength
of theseforcesisaffected by thetype of material, the
distance between the molecules or particles and the
surrounding medium®9, Van der Waal sforcesare con-
sidered to be the most important distance attraction
forcesholding particlestogether™.

Study by Olsson and Nystrom 20001*?, consid-
ered features of theinternal tabl et structure that were
important for tabl et strength and assessed bond types
by establishinginteractionfactor that reflected thedomi-
nating bond type. Theincidence andimportance of me-
chanicd interlocking obvioudy dependsontheszeand
shape of the particles. Smooth spherical particleswill
have little tendency to interlock, where asirregular
shaped particles might be expected to do so!*¥l. Bond-
ing with mechanical interlocking isabonding mecha
nism of minor importancefor most of theinvestigated
materials with the possible exception of Avicel PH
101, The mechanism of compaction not only depends
on the powder properties® but al so affected by par-
ticlesize, shape®®, moi ster content!*®” and experimen-
tal conditions, e.g. applied pressure’® and velocity of
compaction™, Inaddition, the propertiesof theresult-
ing compact can be influenced by the presence of a
lubricant and binder?, since pharmaceutical materids
normally consolidate by morethan oneof the mecha-
nismg?, adequate characterization techniques are
needed. Varioustechniques have been utilized to de-
terminetheextent of consolidation and bonding mecha:
nismsin pharmaceutical powders?23, such as stress
relief under pressure?, X -ray diffraction and multi-
compression cyclé?,

There exists no pharmaceutical powder that ex-
hibits only one of the above mentioned deformation
mechanisms, although thereisaspectrum of ranges
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from highly eastically deformingto highly plastically
deforming or highly brittle materials. Even for materi-
alsthat areknown to bebrittle, smaller particlesmay
deform plastically??. A prerequisitefor theforma-
tion of acoherent compact isthat the surfacesdeform
to such an extent that the combined effects of bonding
with intermolecular forcesand solid bridgesare greater
than the el astic component of thematerial. Thiscan
be expressed as the critical compaction pressure
needed to form acompact’®!.

Thefrequency of defectsin crystallinesolidscan
berelated to deformation during compression®l. The
change cantakeplacein crystal structure and shape.
Such structural changesare opposed by intermol ecu-
lar forceswhichrestorethecrystal toitsorigina form,
asinthecaseof dastic materids. If theintermolecular
forces are exceeded, plastic or permanent deforma-
tionwill result and, if the stressis continued, plastic
flow will continug®.

The deformation characteristics may be elastic,
plastic, brittlefracture or acombination of these de-
formation mechanisms. Various parametersthat char-
acterize the deformation characteristics of powders
includeYoung’s modulus, Poisson’s ratio, yield stress,
and fracturetoughness. Elastic deformationistimein-
dependent, reversible deformation of aparticle, and
can createresidua stresseswithinthe compact during
the decompression phase of the compaction cycle®.
Theforce applied on acompact or powder divided
by the surface area of a compact is called (stress)
causes achangein dimensions and the magnitude of
dimensiond changeiscadled strain, for example, rela
tive volume change. Hook’s law denotes the linear
portion of the stress-strain plot and the proportional -
ity constant between stressand strainisgiven by the
Young’s modulus.

Polymer blendingisan aternative approachto ob-
taining new materialswith desirable propertiesbased
on commercidly available polymersrather thanto de-
sgnand synthesizecompl etely new polymers. Polymer
blending isdesigned to generate materialswith opti-
mized chemicd, Structura, mechanical, morphol ogica
and biologica propertied®33. Theuseof polymersas
rel ease rate modifiers has become animportant areaof
drug development work. Over the years, the use of
polymersand other materialsto prolong thedrug re-
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|ease rate has become more popul ar. The use of poly-
mer combinationsis an approach that may allow for-
mulatorsto deve op sustained rel ease drug dosageforms
that may show performanceimprovementsover thein-
dividua polymer components. Polymer blending pro-
videsaneat and smooth meansof combining desirable
propertiesof different polymers. Biodegradable matri-
ceswith new combinationsof polymer propertiesand
modification of drug release profiles can thus ob-
tained®,

Theophylline(TN) astructuraly classified asme-
thyl xanthine. It iswidely used asabronchodilator in
patientswith airflow limitation diseases such asbron-
chia asthmaand chronic obstructive pulmonary dis-
ease (COPD)®., Theophyllineisrapidly and completely
absorbed from liquid preparation, capsul esand uncoated
tablets. Therate, but not the extent, of absorptionis
decrease by food. Theophyllineisapproximately 40%
bound to plasma proteins, but in neonates, or adults
with liver disease, binding is reduced®. There are
marked variationsin TN pharmacokineticswith plasma
half-livesrangingfrom3to9h.

The objective of thisstudy wasto formulate sus-
tained release TN tabletsby directly compression of
thetabletsat four different compression forcesusing
different polymer blends. Tabletswere evaluated for
their strength, uniformity of thickness, friability, inaddi-
tion to their mechanical behavior ashardness, upper
and lower compression force, gection forceand ten-
slestrength. Moreover, thein vitro release patterns of
TN from the formul ated tabl etswere studied over the
sustained rel ease period.

MATERIALS

Anhydroustheophylline (TN) and Carnaubawax
(CW) werekindly supplied from Tabuk Pharmaceuti-
ca Manufacturing CO, KSA. Ethylcdlulose (EC) was
purchased from BDH Laboratory Supplies Poole, En-
gland. Kollidon® SR (KL SR) wasobtainedfrom BASF
Aktiengesdllschaft, Geremany. Magnesum stearateand
Hydrochloric acid were obtained from Riedd -de-Haen,
AG Germany. Tribas cphosphate octahydrate (Scharlau
Chemies A, European). All other materid sand solvents
used are of reagent or analytical grade and they were
used without further purification.

—== Fyf] Paper
EXPERIMENTAL

Formulation of dir ectly compr essed tablets

The compositions of the prepared direct com-
pressed tabletscontaining TN areshownin TABLE
1. Eachtablet contains 50 mg drug and use one poly-
mer or blend of the polymer KL SR, ECand CW in
different ratios. The powders of all ingredientswere
passed separately through asieve of 250um opening
sizeand the powderswere then thoroughly mixed us-
ing turbulamixer for 15 min. The powder then com-
presses into tablets by using Flexitap single punch
machine (IWKA Manesty, UK) at different compres-
sionforces, namely 5, 10, 15 and 20 kN. In another
study, the powder also compressesinto tabletsusing
Korsch single punch tablet press (EK O, K3300079,
Germany) by fixing tablet weight and measuring the
maximum compression forces.

TABLE 1: Amount of ingredient in each formulationin mg
for theophyllinetablet, total weight of onetablet = 201mg
containing 50 mg drug.

Code Kollidon Carnauba Ethylcellulose Magnesium
st wax Stearate
TN 1 150 - - 1
TN 2 100 - 50 1
TN 3 100 50 - 1
TN 4 50 - 100 1
TN 5 50 100 - 1
TN 6 - 75 75 1

Characterization of tablets
Tabletsweight unifor mity

Thetabletsweight uniformity test was carried out
according to USP 29. Ten tabletswere weighed indi-
vidualy. Theresultswere expressed as mean va ue of
10 determinations.

Drug content unifor mity

The content uniformity testisused toensurethat ev-
ery teblet containstheamount of drug substanceintended
with anegligiblevariaion amongtabletswithin abatch.
Tentabletsfrom eachformulationweretested. Eachtablet
wasweighed individualy and crushed to apowder. An
accurately weighed sample (100 mg) wasplacedinas0
mL volumetric flask and the drug waD073extracted by
distilled water. The content of the flask was sonicated
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for 20 min at room temperature. FivemL aliquot was
filter through 0.45 pm filter, suitably diluted and analyzed
spectrophotometricdlyat A of 271 nm.

Tablet thickness

Thethicknessof theophyllinematrix tabletswiththe
tested polymers or polymers blends was determined
usingamicrometer (Type TB-24, ErwekaApparateba,
Heusenstamm, Germany). and theresult was expressed
asmean valuesof 10 determinations.

Tablet friability

Ten tabletswere selected at randomly; their sur-
faces cleaned with ahair brush to remove any adher-
ing dust, weighed and placed inthefriabilator (Type
TA3R, Erweka A pparatebau, Heusenstamm, Ger-
many). They werethenalowedtofal freely 100 times
fromaheight of 6inch at aspeed of 25 rpmfor 4 min.
Thetabletswerethen dusted, and weighed. Any loss
inweight dueto fracture or abrasion wasrecorded as
apercentageweight loss. Thereplicate determinations
of each formulation were averaged. The percent fri-
ability wascalculated asfollow:

% Friability :[I nitial weight - Final Waght]xloo

I nitial weight
Tablet hardness

The hardnessof theophyllineloaded matrix tablets
was determined using Pharmatest Test System (WHT
32.V02.09.00/15, Multicheck, Germany) and the av-
erage hardness of 10 determinationsin Newton (N)
wasdetermined.

Tenslestrength determination

Thedetermination of thetenslestrength of thetab-
let depends on the devel opment of a correct state of
stresswithin the compact®, but isless dependent on
the compact geometry than the crushing strength mea-
surements. Theradial tensile strength, which measures
thetablet failureasaresult of theapplication of tensile
stressonly, isgiven by therelaionship:
¢ =2F/aDT

Where o, is the tensile strength, F is the force required to
break the tablet, D is the diameter of the tablet, and T isthe
tablet thickness.

In-vitro release studies
Invitro drug rel ease studiesfrom the prepare tab-

letswere conducted for aperiod of 8husingasix sta-
tion USP 28 type |l apparatus (paddie) at 37+ 0.5°C
and 50 rpm speed (Dissol ution apparatus (ErwekaDT-
6, Germany)). Thedissolution studieswere carried out
intriplicatefor 8 h (initial 2 huse 750 mL 0.1N HCl,
andtherest 6 hadd 250 mL 0.2M tribasi csodium phos-
phate octahydrate PH 7.4) under sink condition, at ev-
ery 1 hinterval samplesof 5ml werewithdrawn from
the dissol ution medium and replaced withfresh medium
to maintain thevolume constant. After filtration and ap-
propriatedilution, the sample solution wasand yzed by
UV spectrophotometer. The amounts of drug present
inthesampleswere ca culated with help of appropriate
caibration curves. Drug dissolved a specified timepe-
riodswas plotted as percent rel ease versustime curve.

Mathematical modeling of releasekinetics

Thekinetic release of drug from different tablets
formulationswere eval uated by fitting the dissolution
dataobtained to thefollowing equations.

Zeroorder equation

C,=C,-K,t

Where C isthe amount of the drug released at timet, C, isthe
initial amount of drug in the tablet and K is the zero-order
release rate constant.

First order equation

LogC,=LogC, - K,t/2.303

Where C, Is the amount of drug remaining as a solid state at
timet, Cisthetotal amount of druginthe matrix and K_ isthe

first-order release rate constant.

Higuchi model equation

Q=2C_(Dt/m)*

Where C_istheinitial drug concentration, tistime of release,

Q is amount of drug released/unit area and D is diffusion
Coefficient and it was calcul ated according to the following

equation®,

D=(Slope/2C )*n

K or smeyer-Peppasequation
Mt/M 8=K.t"

Where Mt/M 8 isthefraction released by the drug at timet, K
is a constant incorporating structural and geometric charac-
teristic and nisthe rel ease exponent characteristic for thedrug

transport mechanism.
Satistical analysis
All resultswere expressed asmeansva ues+ stan-
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dard deviation (SD). The determined dissol ution data
was subjected to statistical analysisusingacomputer
program, Graphpad INSTAT tm Copyright® 1990-
1993 (Version 2.04, Ralf Stahlman, Purdue University,
USA, 931897S) for aone-way analysis of variance
(ANOVA). P<0.05was considered asevidenceof a
sgnificant difference.

RESULTSAND DISCUSSION

Tablet evaluation
Physical evaluation of tablets

Tabletscontaining TN manufactured by direct com-
pression at different polymer blendsand a different com-
pressionforces, viz., 5, 10, 15 and 20kN, wereeva u-
ated and the dataare presented in TABLE 2 A&B. It
was clear that the manufactured tabletsexhibit accept-
ablepropertiesin term of weight uniformity, diameter,
thickness, hardness, frigbility and diefilling a thestudied
compressionforces. For dl thecompressionforcesused,
theweight variation wasunder 4%. Thevariation of di-
ameter and thicknesswasun-existing ascanbeseenin
thetable. Hardnessisobvioudy aparameter which can
berelated directly to thecompressionforce used. How-
ever, tabletsbased mainly on KL SR, theplastically de-
formed polymer (TN1) exhibited the highest hardness
va ues compared to the other formulaewhich based on
either blends of KL SR with CW, the very brittle de-
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formed polymer asthetablet formulae TN 3and TN5,
or EC, thedadticaly deformed polymer asthe case of
TN2 and TN4 formulationsor on blend of EC and CW
(TN®), which showed lower hardnessva ues. Thisfind-
ing is matched with that reported data that show that
direct compressonusing KL SRresultedintabletswith
an extremely high hardnessand alow friability). Ac-
cording to the chemical composition and the adjusted
particlesizedistribution, themarked dry binding capac-
ity incombinationwith thegood flow properties, arere-
garded asadditiona benefits“#4, Another finding that
theincreasein hardness upon increasing the compres-
sonforcewasa so higher and remarkableinthecase of
KL SR TN1 compared to therest of formulag, Figure
1A. Thefriability of thetabletsbehaved normally and
quiteexpectedly (Figure 1B). Within the compression
forceregion 5-20 Knthefriability of thetabletswas0.0
incaseof theKL SR based tabletsTN1, whiledecreased
withincreasing the compression forcefor the other for-
mulaeand that wasclearly evident inthe TN6 formulae,
whereit decreasesfrom 0.05, 0.03, 0.015 and 0.0075
% at 5, 10, 15 and 20 kN compression forces respec-
tivey. Inthiswork, thefriability of thetabletsbehavesas
expected at lower compression force. Whenthecom-
pressonforceincreases, the particlesdeform plastically
and the tablets become harder and lessfriable. How-
ever, therecorded frigbility vauesfor TN formulaewere
under 1% which can generdly beregarded asdesirable.

TABLE 2A: Physical characterization of matrix tabletsof Theophyllinecompressed at 5and 10kN.

Weight Diameter Thickness Hardness  Friability Tensile strength
Formulation (mg) (cm) (cm) (N) (%) (N/cm2) Diefilling
n=10 n=10 n=10 n=10 n=10 N=10

A. Compression force 5 kN

TN1 1.3+199 0.87 0.45 243.2+12 0.0+0 395.6+10 6.8
TN 2 0.5+201 0.87 0.45 162.9+6 0.0+0 265.1+4.0 6.9
TN 3 1.4+199 0.87 0.45 138.1+2 0.01+0 224.5+2.1 6.8
TN 4 1.1+199 0.87 0.45 102.4+3 0.0+£0 165.9+3.0 7.2
TN 5 1.0+200 0.87 0.45 87.1+1.1 0.01+0.03 141.7+2.2 6.6
TN 6 1.0+203 0.87 0.45 57.6+1.05 0.02+£0.06 93.79+0.5 6.6
B. Compression force 10 Kn

TN 1 1.5+196 0.87 0.45 360+£12.4 0.00+0 586.7+8.4 6.9
TN 2 0.5+199 0.87 0.45 246.8+4.3 0.00+0 401.5+3 6.9
TN 3 0.25+200 0.87 0.45 180.5+2.5 0.00+0 293.6+2.2 6.8
TN4 0.45+200 0.87 0.45 170.3+3.4 0.0+0 277+2.6 7.2
TN 5 1.0+201 0.87 0.45 104.6+0.9  0.01+0.02 170.2+1 6.6
TN 6 0.21+203 0.87 0.45 81+0.93 0.01+0.03 133+0.87 6.6
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TABLE 2B : Physical characterization of matrix tabletsof Theophyllinecompressed at 15and 20kN.

Weight Diameter Thickness Hardness Friability Tensile strength
Formulation (mg) (cm) (cm) (N) (%) (N/cm?) Diefilling
n=10 n=10 n=10 n=10 n=10 n=5

C. Compression force 15 kN

TN 1 0.2+ 203 0.87 0.45 3629+ 2.3 0.00 + .000 590.4+ 2 6.9
TN 2 1.1+194 0.87 0.45 266.1+ 4 0.0+ .0010 4329+1.1 6.9
TN 3 0.42+199 0.87 0.45 1895+ 2.2 0.0+ 0.002 308321 6.8
TN 4 0.04+ 203 0.87 0.45 2029+ 35 0.000+0.0 330+ 26 7.2
TN5 1.0+ 200 0.87 0.45 106.7+1.15 0.02+0.01 1739+ 19 6.6
TN 6 0.03+ 201 0.87 0.45 88+ 0.85 0.01+ 0.015 1445+ 1.1 6.6
D. Compression force20 Kn

TN 1 1.4+ 203 0.87 0.45 399.2+10.2  0.00+0.00 649.5+ 10.1 6.8
TN 2 1.2+198 0.87 0.45 2931+47  0.00+0.001 476.85+ 3.1 6.9
TN 3 1.3+198 0.87 0.45 1.7+1956  0.01+0.002 318.2+1.18 6.8
TN 4 1.1+ 201 0.87 0.45 210.3+21 0.0+ 0.0032 3421+ 315 7.2
TIN5 1.1+199 0.87 0.45 09+1094 0.04+0.0048 17798+ 1.4 6.6
TN 6 1.4+ 200 0.87 0.45 85.3+1 0.02 + 0.0075 138.7+ 2.3 6.6

—4—TN1 —=O0=TN2 —A=TN3 —6—=TN4 —#=TN5 —8—=TNB

450 q
400
350

300 (A)
250
200 A
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500 (©) ﬁj
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Figurel: Relation between compression forceand each of A-
Har dness, B- Friability, and C- Tendlestrength for theophyl-
lineformulation compressed at 5, 10, 15and 20 kN.
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Tensile strengv¥er:

Thephysical strength of atablet isa so dependent
onitsdimenson. Inthe construction of aforce strength
profile, all tabletswill have the same cross-sectional
areaasthesametooling will havebeen used. However,
asthecompressionforceischanged, sowill thetabl et
height. Hence, comparison made onthebasi sof bresk-
ing strength will not betruly valid. Thisproblem has
been circumvented in part by the calcul ation of theten-
slestrength of thetablet. Tenslestrength datapresented
in TABLES 2A and 2B illustrated how the tensile
strength iscorrelated to the tabl et hardness and how
both thetabl et hardness and thetabl et tensile strength
been affected at the same manner with the compres-
sionforce (Figure 1C) and deformation mechanism of
theused material. FormulaTN1, thehighest hardness
vaueshowed, thehighest value of tensile strength and
that tensilestrength va ueincreases asthe compression
force. Thesetenslestrength observationsare matched
with wasreported byl“?, that the higher the porosity
and dissolutionrate, thesmaller thetensile strength.

M achine mechanical behavior

Theaim of any tabletting processisto producetab-
letsthat are of satisfactory quality. Virtually all tablet
propertiese.g., porosity, physicd strength, dissolution
time are dependent in some way on theforcethat is
applied by the punchesto theparticlesinthedie Asthe
upper punch entersthe die and comesinto contact with
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the particles, the height of the bed of particlesisre-
duced and hence porosity decreases. Initially porosity
reductionisbrought about by particlerearrangement.
Thisrequiresavery low forcetransducer, the output of
which remainszero. Theupper punch then encounters
aresistanceto itsmotion asfurther consolidation by
rearrangement becomesimpossible. Hence, the output
of the upper punch force transducer rises, slowly at
first then morerapidly. Particles are deformed and/or
fragmented during this stageto form acoherent tabl et.
Forceistransmitted to thelower punch, and asimilar
riseisdetected by transducer there. Asmaximum up-
per punch penetration isachieved, forcemaximum are
detected on both punchesthat on thelower punch be-
inglessthan that on the upper. Oncethemaximum have
occurred, the upper punch beginstorise, and theforce
detected on both punchesfdls. That onthe upper punch
returnsto zero as contact islost between the ascending
punch and the top surface of the tablet. That on the
lower punch doesnot fall to zero until gectioniscom-
plete. The greater the g ection force, the greater the
need for alubricationintheformulation.
Thereasonwhy thelower punch maximumforceis
lessthan that of the upper punchisbecauseafraction
of theforceapplied by the upper punch istransmitted
tothediewall and the deformation mechanism. That

—= Fyl] Peper

theelastic deformation isaspontaneousreversible de-
formationinwhich, uponremova of theload, the pow-
der massreverts back to itsoriginal form. After ex-
ceedingthee asticlimit of themateria, thedeformation
may becomeplastic, that is, the particlesundergo vis-
cousflow. Thisisthe predominant mechanismwhere
the shear strength between the particlesislessthanthe
tensleor breaking strength. Upon exceedingthedastic
limit of materid, the particlesundergo brittlefractureif
the shear strength between the particlesisgreater than
thetensile or breaking strength. TABLE 3illustrated
the direct compression mechanica parametersreleased
from TN formul ationsbased on the deformation mecha:
nism. When the polymer used wasmainly plastically
deformed KL SR, the upper detected forcefor formu-
lae TN1 was 8.18 kN where the lower punch force
was 7.45 and the difference between the upper and
lower forces (U-L) was0.73 kN and the g ection force
was 33.94 N. Whilechanging thedeformationtypefrom
amainly plastic deformation mechanisntoablend com-
posed of (2KL SR: 1EC) plastic: elastic (TN2), the
detected upper punch forcewas8.46 kN and thelower
forcewas 7.63 kN and theU-L was0.83 and the gjec-
tionforcewas29.74 N. Thisdifferenceisattributed to
thework doneduring thecompression phaseaswell as
thework lost during the decompression phase.

TABLE 3: Direct compression mechanical parametersreleased from theophylline formulationsusing K or sch single

punch tablet press.

Compressibility Uppgr Punch Lowgr Punch *U-L Ejection Deformation

Formula index Compression Force (U) Compression Force (L) (kN) Force M echanism
(kN) (kN) (N)

TN1 23.42 8.18 7.45 0.73 3394 Plastic
TN2 20.0 8.46 7.63 0.82 29.74 Plastic: Elastic (2:1)
TN3 24.33 7.28 6.63 0.65 29.56 Plastic: Brittle (2:1)
TN4 33.30 4.94 453 0.41 25.86 Plastic: Elastic (1:2)
TN5 25.10 8.85 8.75 0.1 25.84 Plastic: Brittle (1:2)
TN6 31.34 8.85 8.75 0.1 26.38 Elastic: Brittle (1: 1)

*Upper punch- Lower punch
Content uniformity

Theophyllinecontentinal of thetested tablet formu-
lationswasfound to bemorethan 95% which meetsthe
USP guidelinesevenwhen different compressionforces
wereapplied. Inaddition, itisobserved that thetypeand

ratio of thematrix forming polymersaswell asthecom-
pression forcehavenoimpact onthe TN content.

In-vitro release profiles

Theinvitro release patternsof TN from different
matrix tablet formul ationscompressed at different com-
pressionforces(5, 10, 15and 20kN) are presented in
Figures2, 3,4 and 5. For dl studied compression forces,
thematrix teblet formulationinduding KL SR, theplastic
polymer with reduced repacking during deformation, in
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combinationwith either CW or EC showed very inter-
esting TN release profiles. Thereleaseprofilesof TN
fromformulae TN2 and TN4 that based on the compo-
gtion (2KL SR: 1EC) and (1K L SR: 2EC), respectively,
were cond stent with different deformation mechanisms

——TN 1 TN 2 TN 3 —e—TN4d —%—TN S —& TN E

WBTMNrelease

%TNMN release

Figure2: Release profile of theophyllinefrom tablet com-
pressed at 5kN and 10 kN.

—>—TH 1 TN 2 A4 TN 3 —e—TNd —%—TN S5 —&TNGE

60
15 kN

%THN release

%TNrelease

3 4
Time, h
Figure3: Release profile of theophyllinefrom tablet com-
pressed at 15 kN and 20 kN
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|+51<N 1+ 10k —— 15kN —o— Z0kN '

(2] e %]
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o

%TN release

%TN release
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Figure4: Releasepr ofile of theophyllinefrom for mulations
TN1,TN2and TN3.

of KL SR and EC and on the physicochemical proper-
tieslikethewater absorptive capacity of EC. Uponin-
creasing theweight ratio of KL SR (TN2), therelease
ratewasgrestly retarded (39.4, 37.1, 35.0and 33.6 %
released after 8 h at 5, 10, 15 and 20 kN) Figure 4,
whileformulae TN4 released TN morefaster (45, 43.1,
42.3 and 41.2% released after 8 h at 5, 10, 15 and 20
kN). In fact, the water absorptive property of EC has
the most prominent impact on the drug release when
compared to the reduced repacking of KL SR.
Ontheother hand, therelease profilesof TN from
formulae TN3 and TN5 that based onthe composition
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(2KL SR: 1CW) and (1KL SR: 2CW), respectively,
werea so cons stent with different deformation mecha-
nismsof KL SR and CW. By increasingtheweight ra-
tioof KL SR (TN3), thereleaserate was remarkably
enhanced (32, 33.6, 35.6 and 40.7 % released after 8
hat 5, 10, 15 and 20 Kn), while formulae TN5 re-
leased TN more retarded (43, 43.8, 45 and 45.5%
released after 8 h at 5, 10, 15 and 20 kN) Figure 5.
The brittle deformation mechanism of CW playsan
important roleinincreasing TN releasd®. Thiswas
very clear informulae TN5, wheretheweight ratio of
CW wasdoubleincreased. Theeffect of compression
forceontheinvitroreleaserate of TN from each for-
mulae was studied and theresultswereillustrated in

|+5kN T 10kN  —&— 15kN —e—zukL'

%TN release

%TN release

%TN release

Figure5: Releaseprofileof theophyllinefrom formulations
TN4,TN5,and TN 6.

—= Fyl] Peper

Fgures4and5. Theformulaebased onKollidononly or
acombination of Kollidon SR 2: 1EC (TN1and TN3,
respectively) showed that ahigher releaseratewasob-
served at acompression force of 20 Kn. On the other
hand, formulae TN2, TN4 and TN6 showed that the
releaserateof thedrug fromthematrix tablet formulaeis
inversaly proportiond totheapplied compressonforce,
Figures4 and 5. Theeffect of thecompressionforceon
theinvitro release pattern of TN fromthismeatrix tabl et
formulaewasvery dear when thecompari son was made
between theall formulae using the same compression
force. Ontheother hand, when oneformulawas sub-
jected to different compression forces, the comparison
will beof anarrow range, i.e, thein-vitroreleasecurves
of different compress on forceswere superimposing.
During thetablet compression cycle, whentheload
isfirst applied, the volume of the mass decreases be-
cause someof theair between particlesisdisplaced as
the particlemovecloser together. Thisistherepacking
phasgl. Thisphaseislimited by atanment of theclos-
est possi ble packing arrangement and/or thefriction at
the particle contact points. After repacking, most ma-
terial sthen begin (or may have aready begun) to un-
dergo el astic deformation and continue to do so until
they reachtheir dasticlimit. Beyond thisso-cdledyield
stress, various componentsof theformulation may un-
dergo plastic and/or viscid-d astic deformation. VVolume
reduction may al so cause particlesto undergo brittle
fracture. The proportion of deformation attributed to
one mechanism or another depends on whether the
material asawholeismoreductileor more brittl€,
Formulators must determinethisduring product devel-
opment and, if elastic recovery istoo pronounced, con-
Sider adding an adequate quantity of plasticingredients
to compensate. These deformation mechanismshold
grest Sgnificancewhen congdering thecompressonand
consolidation-rel ated aspects of thetabl etting process.
Inmogt formulations, the repacking phase of compres-
sionoccursonly at thelow end of the applied load, and
one or moreof the other mechanismsrapidly overtake
it. But repacking remai nsan important factor because,
for agivenapplied pesk load, thefind porosity (voidage)
of thetablet dependsto some extent onthe porosity of
thematerid a initia loading. Thus, sincethedissolution
rate of many tabletted productsisafunction of thetab-
letsresidual micro-porosity, variability intheinitial
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voidagelevel may betheroot causeof inconsistent dis-
solution profiles*l. In many products, the extent of re-
packing depends on the compaction rate. Usually, the
higher the compaction rate, thelessrepacking that oc-
curs. Reduced repacking | another possibleroot cause
of inconsistent dissolution profiles. If repackingisre-
duced, thedissolutionratetendsto increase.

Kinetic assessment of the in-vitro release

The correlation coefficient (r), and the release

exponent (n), of fitting the release datato zero, first,
Higuchi diffusion and Peppas modelsfor TN matrix
tabletsarelistedin TABLES4A and 4B in addition to
Figure6. The higher correlation coefficient (r) values
for Higuchi diffusion mode obtained inmost formulae
indicate adiffusion mechanismfor TN release. The
kinetic dataprovidethat the Higuchi diffusion model
isthe prominent mechanismthat controlstherelease
of TN from thetested matrix tablet formulation even

TABLE 4A : Mathematical modeling and theophyllinereleasekineticfromtablets

K or smeyer-Peppas model Higuchi model First Order Zero Order _
Formulation
N# k (h-") r k (Y%oh-"?) r k (- r ko (%0h-1) r*
041 16.7 0.998 13.71 0.996 0.055 0.957 4.2 0.931 TN1
0.383 16.94 0.989 13.24 0.994 0.053 0.959 4.08 0.933 TN 2
0.432 12.52 0.993 10.93 0.997 0.042 0.966 341 0.948 TN3
0.476 16.85 0.99 16.14 0997 0.0699 0.975 5.06 0.952 TN 4
0.483 14.03 0.969 14.17 0987 0.0607 0.981 457 0.969 TIN5
0.522 17.64 0.995 18.53 0998 0.0858 0.985 5.85 0.960 TN6
K orsmeyer-Peppas model Higuchi model First Order Zero Order _
Formulation
N# k (h-") r k (%h-"?) r k (- r ko (%0h-1) r*
041 17.47 0.997 14.35 0.996 0.059 0.962 4.42 0.935 TN1
0.386 16.29 0.994 12.71 0.994 0.05 0.954 3.89 0.929 TN 2
0.39 14.58 0.996 11.34 0.993 0.043 0.943 3.44 0.920 TN3
0.435 16.79 0.989 14.81 0.997 0.062 0.974 4.63 0.950 TN4
0.511 14.11 0.985 14.97 0992 0.0647 0.986 481 0.973 TIN5
0.478 17.73 0.990 16.88 0.995 0.075 0.974 5.28 0.949 TN6

Compressed at 5kN and 10kN.

TABLE 4B : Mathematical modelingand Theophyllinereeasekinetic from tabletscompressed at 15 kN and 20 kN.

K orsmeyer-Peppas model Higuchi model First Order Zero Order .
Formulation
N# k (h-") r k (%h-"?) r k (h-9) R ko (%h-") r*
0.376 18.6 0.993 14.14 0.990 0.057 0.946 4.29 0.917 TN 1
0.376 155 0.995 11.82 0.993 0.045 0.948 36 0.923 TN 2
0.362 16.74 0.997 12.19 0.989 0.046 0.935 3.67 0.908 TN 3
0.398 16.75 0.983 13.66 0.991 0.056 0.963 4.25 0.941 TN 4
0.538 14.03 0.990 15.72 0.994 0.0689  0.989 5.06 0.975 TN5
0.434 18.22 0.993 15.81 0.995 0.0683  0.969 49 0.942 TN 6
K orsmeyer-Peppas model Higuchi model First Order Zero Order .
Formulation
N# k (h-") r k (%h-"2 r k (h-Y) r ko (%h-Y) r*
0.396 20.8 0.99 16.3 0.991 0.07 0.95 4,97 0.918 TN 1
0.334 16.1 0.987 11.08 0.983 0.0417 0.926 3.32 0.9 TN 2
0.397 16.9 0.988 13.66 0.995 0.0559 0.964 4.23 0.939 TN 3
0.408 17.3 0.997 14.16 0.9966 0.058 0.961 4.35 0.934 TN 4
0.534 14.55 0.9951 16.02 0.9965 0.07 0.988 5.13 0.972 TN5
0.444 175 0.9958 15.66 0.9979 0.067 0.975 4.89 0.949 TN 6

Macromolecules

A udéan Journal



MMAIJ, 7(2) 2011

Ibrahim El-Bagory et al. 47
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Figure6: Effect of (k) release constant on higuchi diffusion

mode for theophyllinefor mulationscompressed at different

compression forceb, 10, 15and 20 kN

at different compression forces (dueto higher corre-
lation coefficient values). In addition, the magnitude
of theHiguchi diffusion rate constant (K) wasfound
to be dependent on the formulae composition (i. e.
effect of matrix forming polymer nature) and the com-
pression force. For example, increasing concentra-
tion of KL SR intheformulaeresultedin areduction
of the (K) valueintheformulae TN1-TN3 (based on
higher weight ratio of KL SR). In contrast, thevalue
of (K) wasincreased by the presence of higher weight
ratios of EC and CW tablet formulations; TN4-TNG.
Thisfindingistruefor dl TN formulationscompressed
at 5, 10 and 15 kN. However, when these formulae
were compressed at 20 Kn, thedrug exhibited higher
K valuesfrom formulae TN1, TN5and TN6 (16.3,
16.02 and 15.66 %h V2, respectively).

CONCLUSION

Thedesign of directly compressed matrix tablets
for sustained rel ease properties shoul d takeinto con-
Sderationthedeformation mechanism of used polymers.
In addition, the critical parameters such astabletting
conditions, compression forces, upper and lower punch
compression forces, hardness, tensile strength and fri-
ability will be affected according to the deformation
mechanism such polymers.
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