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Dir=ct tebletting
cnmjresle dnigs. 5

15 the modern and the mos =ffiment process med m abls momsh
amslomernion s paniel: exgineaing feckaique which ivolves the ransformation of Gxe crystals mio splssncal shape parncles wisch eolunces

and bas been Axcesssfilly empioyed for vanous poorly salubis and poarhy

the poovder propertss. smoh as paitile aoe, shape Bowr propertizs, selibility sod oavailabediy of phesinsosmtical dmg mbstances. This tecdhecne can also be applied to sestin
Ihrmrﬂmn&m sodid dosage forme. The presemd article ||mﬁ1.rdﬂuhl-:m1nhmlh‘: revien abost athantapes and dissdantages, mechamsm, dufferent marsfactanng
i

o slerieal ao ploevates and srarsctoraahon of apdncl agpl et

ey Wards: Enrec! abletmg techedgue. Spherical crrstnthinmtion. Somabilisy: binavaiitality. flocouintion zome. poarly compressible

NTRODUCTION
Tablet 13 known to be the most popolar dosage foem of all
plannaceutical preparations for oral rowe of administation because
of easy admuuistration by patisnt. least confent variabilsty and great
precision,  Apart  from  these advantages, foemndlation  and
peanufaciume of tablets 15 most convenient and easy process. One
of bogwiad Gector wideh mfluences the suceess of tabler s
fieawabality and compressibility of materinls, Direct compressitafity
is one of the best. sanple. economecal technignes for manufietiring
of tablets, This facilitates processmg withont the need of mecasture,
let aid fmvoalves sapall oonmber of processing steps. Bl the
techanque depends on, e flowambty. partcle size. the parhicle size
distribntion, tulk densty and the campressibility of the crystalline
dmg =ubstunces. Mo of the dmgs HEe MSAITE exlibimg oo
compreseibility and flowability and were not snitebde for direct
camprassion, For emhancing the fow propertes and compressibabity
of such drug substaces several methods have been introduced by
e researchers. Receniy pharmacentical companies have adogred
peodified eryatalline techolques for recucing the production cost ag
well as enbancing the production process. Solierical agglormeration
is pobe amaneg those tecloliques
Formaslation of fablets by spherical crystallisation method was
developed by Kawnshima m 1986 which mllghtm:d the sizs
cobargemant of the dmg w the feld of p‘u.munq The traditsonnal
divg manufacnring procedire (grasifaim} ix a slow and e
colsnEtng  peocess. Coniray to this, sphercal erystallization
mvelves lower labor costs, less procsssing hume, lower emerpy
consumgtion, less emupment, space md appenrs to be more
pdvantageons techwique i the direct inbletting ]:I'DD:E'E] This
techmiqee  bas  been  applied 1o improve the weitabdlity,
bisavaikabdlity, asnd du.&u-]uﬂm rate of some pocrly soluble deugs
like celecoxib and fenbmfen™ ¥, There are various parameters to be
opisinized m this technique to produce spherical crystals such as
amoanit and mods of addition of boidgmg Liquid, temperatare, and
ppitafion speed 10 get maximuwm mnonnt of splerical crvstals
Besides being roducing spherical crysinls it alse enables co-
precipitation af dimgs: @il encapaalattisg polymers i the form of
spheamical particles of poocly compresible diug like celecoxib
(Gupta et al., 2007). Spherical crystallization bas been applied 1o
severn] digs which ars high desed, poorly comgpressible and poorly
spfuble drugs, The advantages of this techmique are as follows
Advantages of the spheiical erystallization paocess
# The miccomeritic proparties of the drug crvstals shall be
drastically improved by inducing spherical shape to the crystals.”

o [inlizaton of this J.'mmsa unpgeves wettahility and dissolutios
rate of some dirgs;

s The processes such as separabion, fhteation, drpng e o be
carried out more efficiently by application of this teclnigue”

» The resulfant aggkmerated crstals conld ke easily componniderd
with other phasmacentenl powders due o them  spherdeal
shapes.”

e This techuigue could be vsed for masking of the bitter faste of
drugs, (ATH & enoxacin) **

#  Thas technigqus condd be used io he poeparation of microsponges,
micrespberes, neocspherss. micobaloons, saroparticle: and
micro pellets as novel particulate drsg delivery systems !

Disadvantages

= Sglecticn of the suitable solvents is tedious process.

&  Mainfenance of processing paraneters (tenipevaride, Aitartion,
gte) is i ffeule.

METHONS OF SPFHERICAL CRYSTALLIZATION

Variows medlds are available for preparation of spliercal crysials

wltich are as follows.

Traditional crvstnllization process,

Salvent Change Mathod (50

Quest Emuksion Solvent Diffasion Method (JESD)

Aumnwnid TlTusion Medod (ATH

Salting Ot Metheod (500

Traditiomal civstallization process

Spherical agplomerates shall be produced m these methods by

cantrolling the plysical and chemical propenties and can be called as

the nom typical spherical cryatallization processes'’. These are

s Salting oot precipiiation

s Cooling aystallizari

¢ Crvsinlbzation wder meltmg

Salvent clange metlml (507

Solvent change method" invalves simultanecns eryetallizarion and

arelomyeration of twoe of mose dnes from o pood solvent and

bridging lunid by addition of 8 ao-selvent. To obtain fioe crystals
the =olution of the drig and a good sohvent is poured into a poar
solvent under comtrolied condition of temperatire add speed. The
brideing liquid 15 used for ageloaverafion of the crystals, The poor
solvent has muscabiliiy with good solvent bl bas low solulalify with
sofvent mixturs, so that. during agitation of the solvent syst=m the
crystals are formed. The cowback of this sy=tem is that ot provides
low yield, dhee to cosolvency effect of crystallzation solvent. The

bridging liquid, the stiming spesd and the concentration of sofids are
the mflnencing Betors for the spherical erystal lization.
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Lesser amoqutt of bridgmng biquid wall yield fne particles whiere ns
larger amount of bridging liquid will produce coarse particles™. By
mETeasmg stming e the Ilr!]l:lrlﬂiﬂm get reducsd because of
omerensig  dimuptive  forces’”. Higher stiring  rate  peoduoces
apgloterates that sre less poross aid made resstant to weclisnical
stress. The porosity deceeases when the concentrafion of solid
increases . The viscosity of the continwous phase has an effect on
ths size distmibution of the agglememtes. The choice of hridging
Liguid bas an mflvence on the rate of agglomeration and also on the
stpength of the agglomerates.
Sleps imvolved in salvent cluasge meihod

Crosnd solvent +ding

% ha bad solvent
Fonmation of crysials
Wil adctien of laidging houid {Deogr wise)
dcomtinnions aztaisi

Precipatated crvstals and aggregation with beidging Houid
1 Eandom cealescence
Spherical agglomerates

Eanlargod sﬁat:a] apsloaeraties
ymnsi emulsion solveni diffision method (QESTN
In the case of quasi emmlsion solvent diffision method™®, affinity
between the drug and 2 good soivent is stronger than that of the dmg
and poor solvent, Residunl good solvent in droplets acts s a
britgme hquid 10 spglomerate the generated crystals. Dme 1o the
mierfacial temcion bebween the two codvenrs the pood solvest
diffnses pradually st of the emabsacd droplet oto the onter. oot
solvent plaase. The crystallization of dg ocows by colnts
diffusion of good =olvent and poor solvent.
In thes process, the emntlsion is stabalized by the selection of suiable
podyviner which 15 requured for proper crystallization, In the droplets,
the process of selilification proceeds mwards and the ligud = nod
pigintainsd oin e auwfhce amd the aprleeserate formed withons
conbesceite.
Steps imvolved in QESD nethad
Drug —good sodvert
Livia o’ solvent
Formuation of etnnlsian
l W/ 1th agitation)

Good solvent which acts as a beidging hguid diffises out imto poar

s fvemt T:ms:

Formation of spherieal apploaserates
Polyineric solumoa
Srabilized Spherical crysials
Annmonia diffusion method (A1)
In this mefivod, the mixfures of acefone, nmunomis water and
dichloromethane shall be wsed as & crwstalbizetion system. In this
Eyst amnienis water acts as Iridging lgd as well as good
solvent, Tle othe components of the sysrem. ke poor solvent ad &
bydrocasbon derivative are selected depending wpon the drse's
sofubitity i thet solvent. Acetons (liwdrocerban derivative) s
miscitde with the system bt it rechaces the miscibiling of ammonia
water with poor solvent, The ammeonia water sxists Bs Enmiscible
please forming droplets The comter diffosion process across the
droples fnvolves movement of poor solvent mino @ annioma owt of
the droplet.  Inside the droplst agglomerntion takes place as the drug
precipitates slowly in mmmenia water and coses growth of crvstal'”,

The technaque 15 manly applicable for amphoteric dregs, which
hiavie the same properiies a5 enoRacHL
Drug o water
Al
Agetaime
*D-:'—ﬂllummcﬂm: added diop wise

Sphericel agglomeratses

Newtralization method
The method consists of disselving the dmg m the good sofvent and
placamg m e cylindrical vessel with constanl stinmg. Duing
stitzing a0 aquecas polymer solution and sne nearsal solution was
addid fo peutralize the good solvent. which erystallizes cut e dmg.
The bridaing lquid shall be added dop wise at a defiie e, The
agghoaneration of the crystal form of the drug takes place',
Steps imvolved in newtralization method

Drug + good sobvent

Aukded in
Mewiralizing sohstion

Add I:rldiu.ér: hqmd

wise
Sphercal ﬂégjnmera:e:
Crystal-co-sgglomeration fechnigue {(COA)
Appheations  of  sphencal  costallation  to obtmn  diectly
compressible agglomerates without dilvents are restricted to water
insaliide large-doss drugs only, Most of the excipients. such ws
dilnents and disimtegratmg agenis, are bvdrophalic m natare. Hence
incoapeatin of these exciprents i the agglemerates formed by
nsing ovganic beidgiog Bguid ds difficndt. Dhee fo fhis Heodiaroon,
spherical erystallization could st be applied o obfun agplonerate
of low-dose or poorly compressible materials™. To overcome these
lonitatioas of spherical crystallization Kadam e al. developad the
crvetallo-co-agglomeration (CCA) techmque. [t 15 8 madification of
the sphencal crysialiizahon techmigue m which o dneg 15 arystallized
and agglomernted with an exciprent or with anetheer dmyg, wlich mway
of may ool be crytallized fy the systemn. The apgieaeeration i3
performied wsang bridmag liguid The process enables design of
agzhomerates ooitaimng two drugs (Mabadik ef al., 20041 or & low-
dose™ ar poorly compressible drug in combination with dilaents™ =
The differsmes im the physicochemical properties of the dmg
telecles and the excipient becedns the indjor challange m the
schection of & solveni system for the  coystal-co-agglomerntion
rechniqne.
Steps invelved in crvstal co-agglomeration teclimbgme

Dimg+ good solvent

! Apilntiog
Bridging louid aoiis solution)

Added contumions sturing
eric solutict
Crysial's fennnation

Spherical agglomerates

CHARACTERIZATION OF SPHERICAL AGCLOMERATES

Particle Size and Size Distribution

Farticle size anl distribntions cin be determinad by sieve analysis

With he help of Fe-Tap sieve shaker. paricle size analvals can be

determiped. I advance technology mnage-smalyzer is wsed o

determined size and velume of the particle.

Denisity

Dmalt'.'u af the spharical crystals 15 the mass per mut vphane

Density = MassVelume

Densities. such as true densty, gragubar density, appaent bulk

density, tappad density shall be avalnated.
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Porosity
Parasity of grannles affects the compressility, Porosities are of two
tvpes “mitragranubar ad intergramslar” and these are measred with
thoe ety of inee ad gramedar densities.
Intra grasular pogossty = 1= Giannls densing Tine density.
Inter granulas pormity = [- Badk dessity ¢ Granular densicy
Flowability- The flow properties of spherical agolomerates wene
chamsctearized by following methods,
ap Angle of repose
Flow property of the material depends on the particle size. shape,
diseralacion, sufice texiure of ragless, surfsce area ad agplied
farce The acgle of repose can be detesmmed by usog the following
evjleatiai.
Tan 6=h'i.5d
Wiaere h- lrerght of Tl jole dnd d- dimeter of fee pile
Values for angle of repose = 30 wmally indicate fres fowing
maberial and angle = 40 snggested o poor flowing materinl.
) Compressibiliey or Care index
The ease wath which a material can be induced 1o flow is given by
application of compressibality mdes.
[={1-%/Val*100
Where V = the volume occupied by o sample of the powder after
being subyected to 3 standardized tapping procedurs md Vo = the
vihaie before tappdog,
Value below 13% indicates pood flow characteristics and value
ahoee 25% indicate poor flowability.
e Hamsmey ratio
It 15 calenlated from ilk and tnpped densites,
Hasnes ratio = Tapped density | Bulk densty,
Wialwes less tlaan 1.25 swlicate good flow (202 Cane dndex ) amd the
walue greater than 125 dsdicates poor Sow (33% Car andex. ). 1Fit is
betwesn £.25-1.5 add the plident to mopeonve Bow,
Packahility
Sampls packabifity was assessed by moalysis of the tapping process
with the Kovnkita and Kuno methods, and nsing the parameters a, b,
nod k m the egustions,
i = L {ab)+nd
C=[Vo-Vad/ YV, a = [Vo-¥=) Vo
pf poe= (pF pa) . exp. (k)
Where, a is dee degros of volume reduction when the tap number is
mfinity, b and K sre constants for the apperent packing rate, Vs and
Vit are the volume w the initial leosely packed and the o™ fapped
state, and po, pu, sl pf are tee appasent density m the mital state,
e o™ tapmen state, aud the most densely packed stare
The amgle of friction, shear coliesive sivess and shear mdexes of
spherical agglomerntes shonld be less than fhe pare drog which can
tuproye the packability of the sgplomperates.
Comgression Bebavior Analysis
For direct contpression the pasticles st possess pood compatibility
and compressibility. The compaction behavior of the splierical
agglomerates and the pure dmg can be smudied by using the plots
consirncied between the relative 1olinime and compression pressure
The mter particle plastic bonds and compression force are mverssly
proportional to each other, The mier particle plastic bonds are more
i spherical agglomermes miler than e are ding. During
compression the particles get roken down which resubts o the
forrmation of new aufices which mmproves the wter perticle plastee
boads. This s more 0 applomerntes den the pure drug crystals
which resmlts in requitement of lower compression force m

agglomerates when compared te that of pare dngg crysials

Compaction behavior of agplonerated crystals wese evaluatad by
using fallowing parametirs-
a) Heckel Annlysis L0
The follodng Hedkels™  egeation med o analyze  ihe
coingression process of sosloverated crystale snd ascessed thesr
coinpactibality.
T [1C-TN=KP+A
Where; Id is the relative density of the tahlets wder compression
Pressurs K 15 the slope of the straight partion of the Heckel Plot, the
reciprocal of K is the menn yield. the mean vield pressure (Py), The
Telovwing ecuetion gives tee intercepl oldamead by exrrapolsting (he
strazght poation of the plats
A=ln [141-Di| B
Whers: D is the relative density of dee powder bad when P=0.
The flbowinig siuation gives the relatve densties correspimuding 1o
AandB.
DA=1-e-A
DE~=TA-TH
BpSiress Belnxarion Test
In this test, specifie quantity of spherscal crystals sample has to be
placed m a die of specific diameter whose surface was conted with
magesiinn stearate i alvance and the sample is o be compressed
using miversal fensile compression fester ab o constant speed, After
ataming e desived pressues limit, the vpper pusch should be hald
i the same position for M0 min, dorme which measure time for the
reduction amomt of the stress applied on the apper punch. The
recult was corrected by sublecting Fom this measmrement the
relosodson. mensured without powder m the dic wnder the same
conditions, The following eqation finds the relatnoushp between
relavanne eatio Vi) snd wme , calenlated the parameters AL snd B
andl asgpssed relanation behavice, ™
VY (D =1/ AsBe1ias
¥t ={P-Pi P}
Where: PO 15 the mmamum compression pressure, and Pt s the
pressure of fame i,
Mechanical Properties
Mechaibeal Properties™™ ke tensile seength of spherical
aroloanerates shall be determined by compressing 500 mg of
spherical crystabs nsmg bvdesnlie press at different tonfem’® for 1
min. The compact should be stored in desiceator for overnight o
allow elastic recovery, The thickmess snd diameter should be
tneasiwed for eacl compact. The arduess of each compact sliall be
measired wsang Pizer bardness tester. The tensile sirengih (o) of the
comgact (fowemh shatl be caloulated tsing following equation.
o= IFnn
Where, F, [ and t are hordness (ton), compect diameter (cm) and
thickness {cm) respectively.
Crushing Strength
Crishing strengtl™ is determuned by nsing hypodermic glass syringe
witch consists of hallew plungea. The syringe has to be modified
slightly by making o window ap tee bower end of the barel amd by
remonving ihe top end of the phmger as chown o the fgure. The
ballow plonger with open end serves as lond cell m which mercnry
hns to be placed, The crystal has to be placed in the barrel which was
o base plafe The plimger acts as wovable piate and should be ser
divecthy oa the greaules posttioned on e base plate as the rate of
loading may affeet crushing lead (o). Mercury s introdwoad froos
reservoir o the upper chamber at the rate of 10 gnfsee nnfil the
single grmmnde fn be cnshed, loading time shomld be <3 minutes.
The total weight of the phmger and the mercury required to fachoe
a gramae is de aushing load.
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Friahiity
For fability studies; 1 g (Wo} of sphencal aggiomierates {particle
size 250-600 pan} shall be ploced in o Eiabilator, and suljected 5o
the impac test o1 50 rpm for 2 min. After passmg thes through a
sigve having o mesh size 125 jun. the weight (W) of the material
which did not pass dwough the @eve shall be determived. and
fiaabalaty (X)) was calenlated e equation

N="o-W'We X 10
Wertability
Wettabdlity depends on the exvatallinity snd elesmwentary oystal aize
of the agglomerated crysials, As the contact angle decreases the
wellalahity imeveases  Cristals wits low coystalbinity ane owoee
wettabde tban crystals with higher crvstallinityv. By determmge the
coitzet anple, one can asess the wettability of the acelemerates.
Salubiliiy
Cheanges in imtsmal smergy of the moleculss play an important rols
to incrense solubility of prepared sphencal crystals,
Dissclution Bate nmd Bioavailability
Disselution rate amt tovailabiliny of the APT from piare crvstals
and agglomerates cai be detertuied by performing dissolumion test
usipg TSP Disselobion apperatus and @ vive studies in aaonal
muodels respectivel y.
Maisture Uptake Study
The study medicates the behovior of upiake of moishare by drug ond
the prepared spherical crystals. which affect the stabibity. The
weighed quantiry of drag and spherical arysials were placed in
erncible ar sccelerated coadition of Temperanme and husnddity, 40 %+
1 " C ond T9% + 3% respectively. The cain in weight of drng and
spherical crystals should be measimed .
.. Table 1 Equipmenty fo be wied for characterization of spherical orystals

[E%e | Pavamseterstobestudbed | Nisse ofthe cquipment |
1 Gire, shmps, dimensions of the | Gpboal | mmoosooey,
sptioriral ervatals Eleitsnn Mirsnasopy (REL)
x Pohmorpdism existenos AL-mw powder diffmetion
! Stnartore ood Compatibility studes | Fooner  Tresdoma edeeed
epeimimeiey (FTIR)
4 Drelrydration, Dussociabon, | Differephal scommyp  calormelsr

Dvoompesition, Phase  trapafer,
Pussty,  Glus  indion Bl

RpacHy
i Drag ond the pohamer msb=mchion
and stabality of drug in selvents

(D)

Than Eryer chmooneriogszphy

Factors Controlling the Process of Agglomeration

Solubility profile

The selection of sofvent is dictated by solubility characteristic of
dmg, A myiually mnmiscible three solvent system consisting of 2
prar solvent suspendmg hquid, good wolvent and bridama liquod are
necessary. Physical fonm of product 1e. whether micro agglomeraies
of iregular pEcro-agelamaates or & paste of drog subsiance can be

controdied by varving solveat peopostions. [l propertion of solieas

to be nsed 15 determimed by caryusx ol solability stdies and
constnbcting trinngular plesse deagram b0 define the regioas of mutual
imnizctbabity by wsing Temary diagrm,

Mode and imtensity of agitation

High spesd azitabion ic gecessary to disperse the bradming Liguid
thecanglyoat the system. Any change m apifation patien or fuid ow
would affect the shape of aggleasmie. S0 the extent of mechanical
agitation and maods of addition and the amonmt of bridging Ligoid
determines the rate of formetion of ngalomerate end their final sz
Temperaiure of the sysiem

Srudies revesled that the tempaanme has o significan mifluence on
the shape, size asd texhwe of the agglomerates. Indwectly of affects
ain fhe sodubdlity of ding substanees.

Residence time: The bme fv which apglomersies remain
suspended m poar salvent affects s srength.

Rale of hridging liqaid

Agglomerates ave formed by agitatling the crystals in & Eooid
sispension o0 adding a bridging liguid, which is dmoiscible with
reacton mixhwe & capable of apgremame the pamicles o form
arplomerates. Brideing lqusd preferentinlly wets the ervstal sarface
to camse bindmg. The addition of bridging liguid piosotes the
forusarion of Hipad bridges between the dmg ayails o foon
spherical agplomerates. The sphenically agglomerated crystals are
farmeed by coalescence of these dispaned erystals.

THE FRINCIPLE 5TEFPS INVOLVED 1IN THE PRODCESS OF
SPHERICAL CRYSTALLIZATION

Bermer and Zuider Wag proposed four steps in the growth of
AR MmETa o,

Floeculation Zoue

In this reate. the beldgmg lgnd displaces the hgnkd from the sarface
of the ayals and hese crystals ave bronslst o cose prossnnity by
aoitation. fre adsorbed beideing liquid lmds particles by formimg
bridges or lems between them. In these zomes, loose open flocs of
particles are formed by pemdular bridges. A8 this stages of
agglemeration process, pamcles are brought by mutual attraction
chiz 1o srface temsion of the lhpod aond the hgud bdges. The
capdllary stage is reached when all the vold spaces within the
aroloanerate 15 completedy filled with the lqnid An mberinediate
state known as fuiculer stete exists betwean the pendular &nd
capillary stage. The cobesive sivenpth of agelomerate is anribuged 1o
the bonidimg farces exerted by the pendulas beidges and capillary
SUCtian pi e

Zevo Growih Zone

Loose floccules g tramsfemved into tghtly packed peflers, dunng
wlich tlee enteapped fhudd is soueered oui followed by squeezmg of
the bridamg ligpad ondo the srface of amall focs cavsing pove space
i the pellet to be campletely filled witls the bridping liguid. The
driving force for the tmosfamation is providsd by the agitation of
the slamy cansing liquid nebulence, pellet-peller asd pellat-stmer
collision,

Fasi Growih £one

The faszt prowth zone of the agglomernies takes place when
sufficient bridgmg Limad hos squeezed out of the surtace on the
small sgglomerntes. This formntion of lorge particles following
il collision of well=fommed uncless is kown a5 coalescence
Successilil collision occurs caly of the nwclens has shipht excess
gurfaca modsture. This apars plastiesty oo the ouclees and
enbiances peaticle deformatons and subsequent coalescence. The
othsr reasan for the prewth of agzlbomernfes size i atmituted to
growth mechanisass that describe the snccessive additien of material
oy already formed mucles.

Canstant Siee Lone

In this ropme agglovierstes cefse To grow of even show slight
decrense m size. Hers the fequency of coalescence is balancad by
the breakage fequency of saglomeration, The size reduction may be
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dise o aftsiteon, bieakage and shatter. The rate deterininnig step m
agglameration growih oocours in zero growth sooes when bodging
bl 15 squeezed out of the pores as the imtwl floccules are
transfvmed {nie small agodoneraies. The rate determintng step 1%
the collisien of partscle with the bridemp lquid droplets prioe o the

formation of hgoed bridges. The mie is govemed by the eate of
partation. The strengih of the ngglomemates = determned by
inertacial fension between the bodging ligud and de contmmons
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