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ABSTRACT

The interest in pellets as dosage forms (filled into hard gelatin capsules or
compressed into disintegrating tablets) has been increasing continuously.
The advantages offered by pellets as a drug delivery system are discussed
in this work. Methods of manufacturing pellets (as spray drying, spray
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congealing, fluidized bed and extrusi on/spheronization techniques) are pre-
sented. Moreover, evaluation of pellets shapes, sizes, surfaces, friability,
porosity, disintegration, and dissolution is reviewed. Several formulation
variables which might impact the pellet attributes will be also briefly dis-

cussed. © 2012 Trade Sciencelnc. - INDIA

INTRODUCTION

Multiple-unit dosageformshaveseverd advantages
compared with ngle-unit dosageformsincludingmore
stable plasmaprofilesand littlerisk of local side ef-
fectd¥. Among the varioustypes of multiple-unit dos-
ageforms, pdletshave attracted moreattention dueto
their uniqueclinica and technicd advantages. Pdlletsor
spherica granulesare produced by agglomerating fine
powderswith abinder solution. Pelletsare defined as
sphericd, free-flowing granuleswith anarrow szedis-
tribution, typicaly varying between 500 and 1500 'm
for pharmaceutica applicationg?. Theinterest in pel-
letsasdosageforms(filled into hard gelatin capsulesor
compressed into dis ntegrating tabl ets) hasbeenincress-
ing continuoudly. Pelletsasadrug ddivery system offer
therapeutic advantages such aslessirritation of the
gastro-intestinal tract and alowered risk of sSideeffects

dueto dose dumping.

Theuseof pdletsasavehiclefor drug ddivery has
recently received significant attention. Applicationsare
found not only inthepharmaceutica industry but dsoin
theagribusiness (such asinfertilizer and fish food) and
inthe polymer industryt.

Advantages of pelletsasadrug delivery system

There are numerous advantages offered by mul-
tipleunit dosageforms:

1- Pelletsdispersefredy inthegastrointestind (Gl)
tract, and so they invariably maximizedrug absorption,
reduce peak plasmafluctuation, and minimizepotentia
side effects without appreciably lowering drug
bicavailability®.

2- Pelletsal so reduce variationsin gastric emptying
ratesand overall transit times. Thusinter- and intra-
subject variability of plasmaprofiles, whichiscommon
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withsingleunit regimens, isminimized®.

3- High local concentration of bioactive agents,
which may inherently beirritative or anesthetic, canbe
avoided®.

4- When formul ated as modified-rel ease dosage
forms, pdlletsareless susceptibleto dose dumping than
thereservoir-type, singleunit formulationg®.

5- Better flow properties, narrow particlesizedis
tribution, lessfriable dosage form and uniform pack-
ing™.

6- Thepdletsoffer advantagesto the manufacturer
becausethey provideanidea shape[low surfacearea
tovolumeratio] for theagpplication of film coating. They
can aso be made attractive because of the various
shades of colour that can be easily imparted to them
during the manufacturing process, thus enhancing the
product €l egance and organol eptic properties®.

7- Pelletsa so offer theadvantageof flexibility for
further modifications,

such ascompression to form tablets or coating to
achievethedesired dosage-form characteristicg®.

METHODSOFPELLETSMANUFACTUR-
ING

Pellets are spheres of varying diameter and they
may be manufactured by using different methods ac-
cording to the application and the choi ce of producer.

Spay drying

Inaspray-drying process, agueous solution of core
materia sand hot solution of polymer isatomizedinto
hot air, thewater then evaporatesand thedry solidis
separated intheform of pellets, usualy by air suspen-
sion. Ingenera, aspray-drying process produces hol-
low pelletsif theliquid evaporatesat aratefaster than
thediffus on of the dissolved substancesback into the
droplet interior or if dueto capillary action dissolved
substances migrate out with theliquid to the dropl et
surface, leaving behind avoid®.
Spay congealing

Inspray congealing, slurry of drug material that is
insolublein amolten massisspray congededto obtain

discrete particlesof theinsoluble materialscoated with
conged ed substances A critical requirement for thispro-

cessisthat the substance should have awell-defined
melting point or smal meting zon€.

Fluidized bed technology

Influidized bed technology adry drugformissus-
pendedinastream of hot ar to form aconstantly agi-
tated fluidized bed. Anamount of binder or granulating
liquidisthenintroduced in afinely dispersed formto
causeamomentary reaction prior to vaporization. This
causes the ingredients to react to a limited extent,
thereby forming pellets of active components.

Using thisprocess®® 1, prepared and character-
ized pdlletsof Sabutamol and Chlorpheniraminemae-
ate, respectively.

Rotary spheronization

Intherotary processor (rotogranul ator) thewhole
cycleisperformedin aclosed system. The binder solu-
tion and powder mix are added at afixed rate onthe
plate of the spheronizer so that the particlesare stuck
together and spheronized a the sametime. Using this
process*? prepared acetaminophen pelletsand, ina
comparison with extrusion-spheronization, they dem-
onstrated that acceptable, immediate release pellets
could be produced.

Rotary shaker pelletization

A novel method involvingtheuseof arotary sheker
pelleti zer has been devel oped for making pharmaceu-
tical spheres. It isessentially based on alaboratory
shaker inwhichacylindrical bowl isattached to the
platform of arotary shaker. Spiral particlemotion com-
bined with ahigh degree of particle bowl bottom fric-
tion and interparticulate collisoninthebowl! (feed with
plastic extrudates) resultsin plastic deformation of
extrudate and the granule surface to form the
sphered™@,

L ayer building method

A further technigue used to prepare pelletsisthe
layer building method, in which asolution or suspen-
sion of binder and adrugis sprayed onto aninert core
andthepdletsarebuilt layer after layer. However, use
of thistechniqueislimited because of thesmaller drug
loading that can be layered effectively onto the core
materid, thusmaking thistechnique unsuitablefor drugs
with large doses®.
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Extrusion/ Spheronization

Extrusion and spheronizationiscurrently oneof the
techniquesused to produce pharmaceuticd pellets. With
each production technique, pelletswith specific char-
acteristicsare obtained. The preparation of spherical
granulesor pelletsby extrusion and spheronizationis
now amore established method because of its advan-
tagesover the other methods, Figure 1741,

Granulating Powder dry

Iqud mixing
Mixer [Enmder Spheronizer ‘ Oryer
- L -
Wet mang lExIrusmn Spheronization ‘ Orying
* Cranulator  * Extruder type * Spheronizer * Dryer type
type + Extrusion fype * Drying temperature
* Granulaion  speed + Plate type
liquid * Screen * Plate speed
*Mingtime  opening size  * Spheronization time
*Exfrusion  * Spheronizer load
temperature

Figure 1 : Flow diagram showing different steps, process
parameters and equipment involved in extrusion and
spheronization to produce spherical pellets.

EVALUATION OFPELLETS

Sizedigribution

Thesizing of pdletsisnecessary becauseit hassg-
nificant influenceonthere easekinetics™. Paticlesize
distribution, mean ferret diameter, geometric mean di-
ameter, mean particlewidth and length, arethe param-
eters by which size of pellets can be determined. In
most of the cases particle sizedeterminationiscarried
out by simple sieve analysis using sieve shakert*619,
Wiwattaapatapee et d . reported the use of vernier
caipersto determinethesizeof pdlets. In other studies
the particlesize of pellets could be determined using
the mastersi zer laser diffractometry?Y.

Pellets shape

Sphericity of the pelletsisthemost important char-
acteristicsand various methods have been used to deter-

mineit. Theshapefactor estimatestheamount by which
the projected image of particlesdeviatefromacircle
and it iscalculated by meansof the projected area of
the pelletsand itscircumference™® 22, For perfectly cir-
cular projected image, the shape factor should be 1
whileavaueof 0.6 describesaparticle of good sphe-
ricity!® 23, Visual ingpection of pelletsby microscope
and stereomicroscopeisanother method to determine
shapeof pelletg?+ 2,

Oneplanecritical stability, whichananglea which
aplanehasto betilted beforeaparticlebeginstoroll, is
one of the important methods used for determining
shapd? 271, Theangleof reposeisanindirect indication
of thecircularity of pellets?! andiscalculated by the
ratio of doublethe pile height and pileradius by fixed
funnel method measured after acertain amount of pel-
letsareallowed to fall from agiven height through a
specificorifice.

Surfacemor phology

Scanning el ectron microscopy isused to examine
the surface morphol ogy and cross section of pelletg?*
31, Reported the use of optica microscopy to examine
the microstructure of pellet surface. Eurrkaineaand
Lindqvist® took SEM picturesto observetheinflu-
ence of different fillersand concluded that MCC and
corn- starch givesbest quality pelletswith smooth sur-
face. Prieto et al.*¥ took SEM pictures of pelletsto
show theinfluence of Starch-Dextrin mixtures, abase
excipient for extrus on spheronization techniquewhile
Wiwasttarapatapee and Pengno® took SEM pictures
to detect antagoni stic bacteriaboth on the surface and
insideof the pellets. Santosh et al.,/* analyzed surface
roughness of pellets by applying anon-contracting la-
ser profilometer.

Specificsurfacearea

Surfaceareaof pdletsisdirectly related with size
and shapeof the pellets. Knowledge of thesurfacearea
isdesirable especidly if film coating is considered.
Knowledge about the surface areaisimportant evenin
caseof uncoated pdlets, sincedrugrd easeisinfluenced
by the surface ared*¥. Specific surface areaof pellets
isdetermined by gas adsorption technique’®,

Friability
Themechanical propertiesof pelletsareimportant
e, Research & Reolews On

Polymer
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for processing. Pdlletsflakeoff during handling and coat-
ing processresultinginformation of dust. Inthe case of
subsequent coating it isdesirableto have pelletswith
low frigbility. Friability of pelletsaredetermined by us-
ing Erkewatypetabl et friabiliator® or turbulamixer®4
for afixed period of time combined with glassbeads of
certaindiameter in order to generate abrasion. Friabil-
ity can a'so be determined using fluidized bed with
Waurster insert by using stream of air'®,

Tensilestrength

Thetensilestrength of the pelletsare determined
by using tensile apparatus with a5 kg load cell, the
pdletsarestraned until failureoccurs. Theload isre-
corded and the Tensile strength iscal cul ated applying
thevaluefor thefailureload and theradius of the pel-
letgs,

Density

Density of pellets (bulk and tapped) can beaffected
by changeintheformulation or processwhich may af-
fect other process or factors such asfilling and packag-
ing characteristic during capsule manufacture and tab-
let compression, andisdetermined smply by USP den-
Sity apparatug®”*l,

Por osity

The porosity of the pelletsinfluencestherelease of
drugsfromthepdlletsby affecting the capillary action
of thedissolved drug. The porosity of thepelletscan be
measured quantitetively by mercury poros metry™. The
porosity of the pell ets can d so be determined quantita-
tively by using optical microscopy and SEM together
withimageandysg*.

Disintegration time

Disintegration of pelletsisone of themain charac-
terigticsfor immediaterel ease pellets. Huyghebaert et
al., 2005 reported disintegration test using there-
ciprocating cylinder method (USPApparatus 3). While
Thommes and kleinbudde, 2006/24 performeditina
tablet disintegration tester specidly designed by insert-
ing special transparent tubes of certain diameter and
length with sieve of 710 um mesh size at the top and
bottom of thetube.

Invitrodissolution studies
In vitro dissol ution has been recognized for the

past four decades as an important element both in
drug devel opment and quality assessment, especidly
in controlled released formul ation“). Release of drug
from solid dosage form often constitute adetermin-
ing step in thein vivo absorption process and used
in conjunction with in vivo/in vitro correlation to
establish quality control parameter. Rel ease of the
drug from pellet mainly depends on the composition,
hardness and size of pelletsand it is determined by
using USPA pparatus 1142 or by USPA pparatus 1143,
Thedrug release profilesfrom pelletsa so depended
on the nature of the carrier solid, aqueous solubility
of thedrug, physical state of thedrugin the matrix,
drug load and the presence of additivessuch assur-
factants. Theinfluence of pellet composition by in-
corporating citric acid in the formulation on retard-
ing therelease of highly water soluble drug from en-
teric coated pelletsin 0.1 N HCI wasinvestigated
by Bruce et al., 2003,

FORMULATIONVARIABLES

Wet mass composition

The composition of thewet massiscritical inde-
termining the propertiesof the particlesproduced. This
isclearly understood if welook at what material be-
haviorsarerequired during each of the process steps.
During thegranul ation step, aplastic massisproduced
asmpleenoughtask if ended there. Thematerid smust
form aplastic mass, deform when extruded and break
off toform uniformly sized cylindricd particles. A mini-
ma amount of granulating fluid should migrateto the
surface during extrusion and the particles should stay
discrete during collection. During Spheronization, the
particlesmust round off toformuniformly szed spheres.
They must not dry out dueto temperatureor air volume
or grow insizedueto agglomeration.

Thefact isthat alot isexpected from materiasused
inthisprocess.

Thisisespecidly trueof formulationscontaining high
percentages of active wherelow levelsof excipients
areused toimpart the desired propertiesto the mass.

Theuseof sphereforming excipients
Theimportance of using sphere-forming excipients
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was noted early on. Conine and Hadley!* cited the
necessity of usingmicrocrystalinecellulose. Reynolds
went ontoindicatethe need for either adhesiveor cap-
illary typebinderd™. Hecited cellulose gums, natural
gums, and synthetic polymersas adhesivesand micro-
crystalline cdllulose, talc, and kaolin ascapillary type
binders. Since then much work hasbeen conductedin
an attempt to understand the significance of materia
properties. Some of the studies are discussed in the
followingtext. O’Connor et al.*® studied thebehavior
of somecommon excipientsinextrus or/gpheronization.
The materid swere studied assingle componentsusing
water asthe granulating fluid in an attempt to under-
stand their applicationin the process. Of the materials
tested, only MCC or MCC with NaaCMC (Na-
caboxymethyl cellulose) was capable of being pro-
cessed. Othersincluding dical cium phosphate, lactose,
starch, and modified starch did not processadequately.
Inan additional study, they investigated the effect of
varying drug, excipient, and excipient:drug ratios. At
low drug leve sthey found the spheronizing excipient
played themost significant rolein determining sphere
properties. They found that, for low dose applications,
MCC wasthebest excipient to usesinceit formed the
most spherical particles. At moderate drug loading
(50%), MCC aswel asthetwo products consisting of
MCC coprocessed with Na-CMC (Avicel _ RC-581
andAvicd CL-611) resulted in acceptable spheres. At
higher loading levels, however, theMCCdid not yield
acceptable spheres and the coprocessed materialsdid.
The spheresproduced using Avicel CL-611 werethe
most sphericd. In addition, they found dissolutionto be
dependent on thetype of excipient used, the solubility,
and concentration of the active. Spheres containing
MCC remained intact and behaved asinert matrix sys-
tems, whilethose contai ning the coprocessed products
formed agel plug inthe dissolution basket and were
described aswater-swellablehydrogel matrix systems.

Mehta et al.[*6 41 demonstrated the use of
polymethacrylatetypepolymerssuch asEudragit L 100
55 and Eudragit S100 viaextrusion/Spheronizationin
thedeve opment of controlled release pdlets. They theo-
rized that for the devel opment of zero-order controlled
release pellets of apoorly soluble drug, MCC would
not beagood choicetoform apellet system viaextru-

> Review

sion/spheronization. Thiswould bedueto thefact that
M CC being insolublewould form anondisintegrating
matrix fromwhichit would bedifficult for aninsoluble
drug to be released. In their work they showed that
Eudragit L100-55 and Eudragit S 100 can be used as
pellet forming and rel easerate governing polymersfor
developing acontrolled rel ease drug delivery system
with out theuse of MCC inthe matrix.

Zhou and Vervaet!®® produced matrix pellets by
combining microcrystalline waxes, pregelatinized
garches, and hydrolyzed starcheswithmode drugssuch
aslbuprofen, chloroquin phosphate, and others. They
concl uded that thecombinetion of microcrysta linewaxes
and pregel atinized starches or maltodextrinsisaflex-
ible system for the production of matrix pellets, even
with ahigh drug concentration. Additionally, they con-
cluded that the drug rel ease with such asystem could
be model ed by varying thetype and the concentration
of thewax and the starch.

Granulatingliquid

Kleinebudde and Jumaa*? concluded that during
the extrusion process, water content inthe extrudate
and pellet porosity wereincreased asthedegree of po-
lymerization of MCC and powder celluloseinthe ma
trix wasincreased. Millili and SchwartzZ™ demonstrated
theeffect of granulating withwater and ethanol at vari-
ous ratios. The physical properties of the spheres
changed significantly astheratio of thetwo fluidswas
varied. Spherescould not beformed with absol ute etha-
nol but were possible with 5: 95 water: ethanol. An
increasein thewater fraction resulted inadecreasein
porosity, friability, dissolution, and compressibility and
anincreasein density. The porosity of spheresgranu-
lated with 95% ethanol was54% whilethewater granu-
lated product had a porosity of 14%. When greater
than 30% water was used, spheres remained intact
throughout thedissolutiontest. Asprevioudy discussed,
water granulated sphereswere very difficult to com-
presswhilespheresgranulated with 95% ethanol were
significantly more compressi blethan those prepared
using water. In contrast, Mehtaet al .'*¥ showed that an
increasein granulation water level increased thetotal
number of poresinthe pellet matrix without changing
the porediameters. Additionally they concluded that
thisdirectincreasein porosity increased thedissolution
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contact angle due to which dissol ution of the poorly
solubledrug wasincreased. Jerwanskaet al.[*¥ con-
cluded that therate of drug releaseincreased with in-
creased levelsof granulation liquid becauseof agreater
degreeof porosity obtained after drying. They aso cor-
related theseresultswith differencesin hardness of the
pellets. Jerwanska et al.'*3 proposed that for a con-
tinuous extrusi on process, adequate water isrequired
to bridgethe particlestogether until liquid saturationin
thegranulationisachieved. Thisstrategy isnecessary
to deform the granul ation to form extrudates and con-
sequently shapethem into spheresby spheronization. If
thegranulationwater level isbelow theliquid saturation
point, then the spheres obtained will behhard and less
porous, thereby leading to decreased drug rel easerates.
Abovetheliquid saturation point, the hardnessand po-
rosity of thepelletsare not significantly decreased.

Inalater study, Millili et al.™ proposed abonding
mechanism, referred to as autohesion, to explain the
differencesinthe propertiesof spheresgranulated with
water and ethanol. Autohesion isaterm used to de-
scribethestrong bondsformed by theinterdiffusion of
free polymer chain ends across particle—particle inter-
faces.

Excipientssolubility in thegranulating fluid

Baert et d .15 used mixturesof microcrystalinecd -
luloseand coexcipientsat variousratiosto demonstrate
theeffect of solubility and thetotal fluid on extrusion
forces. They showed that if the coexcipient wasin-
soluble, such asdicdcium phosphate, theforcerequired
to extrude increased with increasing levels of
coexcipient. When asol uble excipient such aslactose
wasused, theforce required to extrude decreased with
theaddition of theinitial amounts of lactose. After a
certain level, however, thereduction in force stopped
and begantoincrease. Thiswasduetotheinitial solu-
bilization of lactoseand theresulting increasein theto-
tal fluidleve. Oncethefluid was saturated theremain-
ing lactose was not soluble and theforce begantoin-
crease. Theincrease began at about 10% lactoselevel
for a-lactose and 20% for b-lactose. Thiswasdueto
thedifferencein solubility between thetwo materials.

Effect of binder leve
Funck et a.> showed that low levels of common

binders could be used to produce high drug loaded
sphereswithmicrocrystallinecel lulose. Maeriassuch
as carbomer, Na-CMC, hydroxypropylcellulose
(HPC), hydroxypropylmethylcellulose (HPM C), povi-
done (PVP), and pregel atinized starch wereused. All
materia swerecapableof producing spheresof accept-
able quality. Dissolution testing showed spheres con-
taining HPC and HPM C remained intact during testing
while spheres containing starch, PVP, and Na-CMC
disntegrated.

Effect of cellulosetype

Lender and Kleinebudd€e™® reported that spheres
produced with powdered cellulose had higher porosity
and faster dissol ution than those made using microc-
rystaline cellulose. Spheres could not be produced us-
ing only powdered cellulose and drug; abinder was
required. Thehigher porosity of the spheresprepared
from powdered cellulose may be beneficial for appli-
cationsrequiring compression.

Effect of particlesize

Feilden et a9 showed that increasing the particle
sizeof lactoseresulted in forced flow and high extru-
sion forces, which resulted in poor quality extrudate
and sphereshaving awidesizedistribution. Thiswas
attributed to theincreased pore diameter of themixture
containing the coarselactose which allowed greater
movement of water.

Theuseof surfactants

Chien and Nuessl€5” showed the use of asurfac-
tant, such assodium lauryl sulfate, reduced themigra-
tion of drug to the surface of the sphere during drying
by reducing the surfacetension of thegranulating fluid.
Thereductionin surfacetenson aso madeit difficult to
produce acohesive extrudatein some cases.

Some mi scellaneous observationsincludethefol-
lowing. Reynolds” reported that excess extrudate fri-
ability can be overcome by incorporating more MCC,
binder, or water in the granul ation. Erkoboni et al.[%!
indicated that sphere hardness was most affected by
thelevel of MCC intheformulation and thelevel of
granulating fluid used. Hileman et al .'* showed that
MCC had anarrower water range over which quality
spheres could be made than MCC coprocessed Na-
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CMC. Hélle'n et al.[®¥ showed that the surface char-
acterigicswereinfluenced by thewater level with higher
water level sgiving smoother surfaces. Mehtaet a .[47
showed that when concentrationsof pellet forming and
release rate governing polymersin the matrix were
changed, it dtered the dissol ution kinetics of apoorly
solubledrug.

MIX TORQUE RHEOMETRY FOR CHAR-
ACTERIZATION OFWET MASSES

It hasbeen shown that therheol ogical propertiesof
wet masses can be successfully monitored by amixer
torque rheometer(®:-62,

Theuseof the mixer torquerheometer (MTR) as
anupfront analytical tool can greetly reducethe num-
ber of devel opment batches. Thisequipment hasbeen
shown to bean excellent tool for theeval uation of wet
granulated systemsand asascae-up tool for high shear
granulationd®¥. Several authors have compared the
rheologicd propertiesof different microcrystalinecel-
lulose (MCC) systemd+ %9, Theresults obtained re-
vesaled that theamount of water added at the maximum
torque should be comparable with that found for the
optimum production of pelletsduring spheronization',
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Basicinvestigation of thegranulation process

All materidsstudied usngthe M TR haveexhibited
changesintorquevaueswithincreasingwater content.
Thisrisesto amaximum and then beginsto decreaseas
morefluidisadded. An explanation of thisisshown
below inFigure2.

According to Rowe and Parkert®®, the degree of
liquid spreading and wetting aswell asthe substrate
binder interaction will determinetherel ative positions
of the peak valuesof mean linetorque. Anincreasein
themean torquewith theincreasein thebinder level at
different concentrationseither asharp or an extended
peak followed by adrop in thetorque asover-wetting
of thepowder massoccurred. In addition, the pendular
and funicular statesare characterized by aprogressvely
increasing network of liquid bridges. Both of thesestages
will causeanincreasein cohesivenessof the powder
mass and hence an increased torque on the mixer4,
The capillary statewhich isreached when all theair
spacesinthegranular materia arefilledwithliquid oc-
cursat themaximum onthecurve.

With further dispersedinliquidisformed. Inaddi-
tion, by increasing liquid content, the number and ex-
tent of theliquid bridgesincreasesand afunicular state
is formed. A further addition of liquid fills all the
interparticulate voids, and thetorque reaches a peak
(capillary state). Prolonged mixingisassumed to cause
adengification of themass, and thisshould increasethe
liquid saturation causing apesk torquea alower liquid
amount. However, prolonged mixing will causeanin-
creased absorption of water giving riseto alower lig-
uid saturation causing apeak torqueat ahigher liquid
amount(®7,
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