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ABSTRACT

Spherical crystallization is the novel agglomeratiechnique that can transform directly the fingstals produced
in the crystallization process into a spherical phaThis technique of particle design of drugs pamed great
attention and importance due to the fact that alybabit (form, surface, size and particle sizeritisition) can be
modified during the crystallization process. Crydtabit can be modified by optimizing the proceggiarameters
like stirring rate, selection of solvent, pH, tematare etc. which affects the physico-chemical prtips (solubility,
dissolution rate, bioavailability and stability) dnmicrometric properties (bulk density, flow progercompact-
ability) of crystals. Stirring rate affects the gigas well as size of the final agglomerates ardest selection
helps in the formation of maximum amount of agglates in the system. The factors like pH and teatpes
should be maintained in case of drugs which sholynparphism. Apart from this, several others phyksica
phenomenon or parameters like interfacial tensiom aate of crystallization are also important fanorough
optimization of process. The spherical crystali@atfurther developed use with hydrophilic polyme&rsenhance
solubility and dissolution rate of poorly water gble drugs. This article describe the over viewspherical
crystallization along with way of optimizing theopessing parameters to get effective spherical@ggtates.

Keywords.: Spherical crystallization, Agglomeration, Crystabit and Polymorphism.

INTRODUCTION

Oral way is the most important route of drug adstiaition for obtaining systemic pharmacologicakef$. In this
route, the solid dosage form especially tablets, the first choice of patient because of their sapecial
advantages like easy administration by the patiemt, dosage form with greatest dose precisionlaast content
variability, lower cost and temper proof nature [1]

Formulation and manufacture of solid dosage formd tablets in particular, have undergone rapid ghaand
development over several decades. One of the rméwoduy technologies is of direct compression [R]rect
compression involves simple mixing and compressainpowders which is economical and time saving.
Compressing a drug directly requires good microticeproperties, such as flow ability and a goodrogjpicible
compressibility. In addition to increasing efficnof manufacturing process it is also importanirtorease the
bioavailability of drug by increasing solubility bfulk drug powder [3].

Poor physical and mechanical properties of drugighes have been traditionally covered by variouanglation
methods. Enlargement of particle size is an imprigocedure during manufacturing of tablets [4hefie are
different techniques for enlargement of particleesisuch as wet granulation, dry granulation, eidrus
spheronization and spherical crystallization methi&d. These techniques have important role in fiyou primary

and secondary properties of pharmaceutical subssat8pherical agglomeration is one such technigumprove
micromeritic properties and dissolution of drug.wé&shima and Capes (during the 1970 decade) sudgeste
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enlargement of particles size during the crystafion process. According to their report, contrglithe crystal's
agglomeration leads to spherical agglomerates adgtiorded properties [6].

Kawashima introduced this technique into pharmacautmanufacturing and showed that spherically dens
agglomerates could be produced and were suitabldifect tabletting and defined it as sphericalstailization.
The traditional drug manufacturing procedures (glation) involves following steps: crystallizaties filtration —
drying — formulated powders blending> granulation— drying — tabletting, This is a slow and time consuming
process, where as in spherical crystallizationpifieeess could be reduced to: crystallizatierfiltration — drying

— dry blending— tabletting. It means less equipment and spaceerltator costs, less processing time, and lower
energy consumption in the direct tabletting prod@$sThis technique is also reputed to improve wWettability,
bioavailability, and dissolution rate of some pgabluble drugs like celecoxib and fenbufen [8].

So spherical agglomeration is a multiple unit psscim which crystallization, agglomeration, sphézation can be
carried out simultaneously in one step [9]. Thailtast crystals can be designated as sphericabagghtes. Due to
characteristic shape and crystal habit physico-atenproperties (solubility, dissolution rate, biadability and
stability) and micrometric properties (bulk densitffow property, compactability) of resultant cratst are
dramatically improved so that direct tablettingcoating is possible without further processing [10]

Spherical crystallization:
Spherical crystallization is a novel particle emgiring technique by which crystallization and aggoation can be
carried out simultaneously in one step to transforystals directly into compacted spherical form.

Crystallization is important phenomenon which isdifor both separation and purification in pharnogicel
industries. This process leads to the crystal fdomawhich has chemical stability and convenience i
transportation, packing and storage. Most of actarmaceutical ingredients have different sizestiva
pharmaceutical ingredient particles with less th@num size have the advantage of increased dissolutitenand
better bioavailability. Agglomeration is a phenomenin particles technology which includes smalleystals
adheres to form bigger particles [11]. It is impoittfor both down streaming process e.g. filtrgtidnying, washing
etc. and end use properties e.g. dissolution, mtddumation and bioavailability.

Need for Spherical Crystallization:

Developing novel methods to increase the bioaviitiplof drugs that inherently have poor aqueoukilsility is a
great challenge to formulate solid dosage form. ha@écal micronization of crystalline drugs and irmaration of
surfactants during the crystallization processtheetechniques commonly used to improve the bidalvidity of
poorly soluble drugs. The mirconization processralthe flow and compressibility of crystalline pexrs and cause
formulation problems. Addition of surfactant gerigrded to less significant increase in aqueousulsitity. To
overcome this problem Kawashima developed a smletiystallization technique that led to improvitige flow
and direct compressibility of number of microcryiate drugs [12].

Advantages of Spherical Crystallization:

Spherical crystallization method has following aadtesyes [13],

1.Physicochemical properties of pharmaceutical ctystae mainly improved for pharmaceutical process i
milling, mixing and tabletting by using this techne.

2.The micromeritic properties of the drug crystallsha drastically improved.

3.Utilization of this process improves wettabilitycadissolution rate of some drugs.

4.Use of this technique leads to conversion of chystaforms of a drug into polymorphic form that ynaave
better bioavailability.

5.This technique could enable subsequent processhsasiseparation, filtration, drying, etc. to beiea out more
efficiently.

6.Preparation of microsponges, microspheres and paross, microballoons, nanoparticles and microefsels
novel particulate drug delivery system is possiiyet.

7.1t can be used for masking of the bitter tasterafd

Disadvantages of Spherical Crystallization:

Spherical crystallization method has following digantages [13]
1.Selection of suitable solvents is a tedious pracess

2.0Optimization of processing parameters (temperatagiation) is difficult.
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Principle of Spherical Crystallization:

The saturated solution of the drug in a good sdlverpoured into a poor solvent. A third solventolwm the

bridging liquid is added in small amounts to wet tirystal surface and promote the formation ofitlgoridges

between the drug crystals for forming sphericallaggrates [14]. In this process the poor and gadeests should
be freely miscible and the affinity between thevealts must be stronger than the affinity betweerg@nd the good
solvent. Furthermore, the bridging liquid should he miscible with the poor solvent and should greftially wet

the precipitated crystals [15].

Requirements/ Solvent System:

Typical spherical crystallization employs threevswoits: one is the drug dissolution medium i.e. gsotient;
another is a medium which partially dissolves thegdand have wetting property i.e. bridging liquédd the last
one is immiscible with the drug substance i.e. baldent [16]. Polarity of the solvents and its mtions with
hydrophobic phases of the growing crystals hasnflneince on shape, surface irregularity and roussire the
crystals agglomerates. Commonly three types ofestévare used in spherical crystallization

1.Good Solvent

2.Bridging Liquid

3.Poor Solvent

Good Solvent:
The solvent in which the drug is having good sditybis considered as good solvent. It is a perfsivent for the
drug. The selection of good solvent is based og daolubility and affinity/ miscibility with bridgig liquid.

Bridging Liquid:

The agglomerates were formed by agitating the alysh the liquid suspension in the presence oftthiéging
liquid. The bridging liquid should be immiscible the suspending medium but capable of cementingadhigcle to
be agglomerated. The finally divided solid crysial¢he liquid suspension initially separated freath other but by
adding small amount of bridging liquid which prefetially wets the surface of solids, form the beddpetween the
solid crystals and finally agglomerate into spherform [9].

Poor Solvent:

Poor solvent is also called anti solvent or badesatl Poor solvent should not be miscible with shévent system
(good solvent and bridging liquid) moreover theraf§ between them must be stronger than those drtwilrug
and solvent [12, 13]. As this technique is usentprove the solubility of poorly soluble drugs, wasets as most
preferable anti solvent. The solvent system andatsposition are usually selected by trial andrerro

Main stepsinvolved in the growth of agglomeration:
The four steps in the growth of agglomeration aréodows [15]

1. Flocculation Zone: In this zone, the bridging liquid displaces thauldjfrom the surface of the crystals and these
crystals are brought in close proximity by agitatithe adsorbed bridging liquid links the particlesforming a
lens bridge between them [Fig No 1 (a)]. In thisgdoose open flocks of particles are formed bydpéar bridges.
Mutual attraction of particles is brought aboutdayface tension of the liquid and the liquid brisig€he capillary
stage is reached when all the void space withirajgdomerate is completely filled with the liquid.

2. Zero Growth Zone: Loose floccules get transferred into tightly packedlets, during which the entrapped fluid
is squeezed out followed by squeezing of the bmniglgiquid onto the surface of small flocks causpapr space in
the pellet of completely filled with the bridgingylid [Fig No 1 (b)]. The driving force for the traformation is
provided by the agitation of the slurry causingildjturbulence, pellet-pellet and pellet-stirreHis@n.

3. Fast Growth Zone: The fast growth zone of the agglomerates takespldten sufficient bridging liquid has
squeezed out of the surface on the small aggloeserahis formation of large particles following dam collision
of well-formed nucleus is known as coalescencecé&ssful collision occurs only if the nucleus hagtal excess
surface moisture. This imparts plasticity on theclaus and enhances particle deformations and suéseq
coalescence [Fig No 1 (c)].

4. Constant Size Zone:

In this zone agglomerates cease to grow or evew shight decrease in size. Here the frequency afeszence is
balanced by the breakage frequency of agglomer@fi@nNo 1 (d)]. The size reduction may be due tiwitaon,
breakage and shatter.
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Fig. No. 1: Stepsfor Agglomeration Growth: (a) Flocculation Zone (b) Zero Growth Zone (c) Fast Growth Zone (d) Constant Size Zone

Techniques of Spherical Crystallization:

Spherical crystals can be obtained by two diffetenhniques, either by typical spherical crystatiian technique
or non typical spherical crystallization techniqd&]. Non typical spherical crystallization techa@can also be
considered as the traditional crystallization pescgsalting-out, cooling, precipitation, etc.).

The two most commonly used techniques of sphegcgstallization are wet spherical agglomeration hrodt
(WSA), quasi-emulsion solvent diffusion method (@ESJransient emulsion) [16]. But there are two aegtens of
these techniques, ammonia diffusion system (ADS] arystal-co-agglomeration technique (CCA) [18, .19]
Another technique of this process is Neutralizatisthere first fine crystals form by neutralizatitimen it will
agglomerate by the help of a bridging liquid [20].

So, various methods available for spherical crijztdion are categorized as
» Spherical Agglomeration Method

» Quasi Emulsion Solvent Diffusion Method

» Ammonia Diffusion Method

> Neutralization Method

» Traditional Crystallization Process

» Crystal-co-agglomeration Technique

Spherical Agglomeration Method (SA):

This method involves simultaneous crystallizatiod agglomeration of two or more drugs from a goolgent and
bridging liquid by addition of a non-solvent. Totaim fine crystals the solution of the drug andoadj solvent is
poured into a poor solvent under controlled cooditof temperature and speed. The bridging liquidsed for
agglomeration of the crystals [21].

Here the good and the poor solvents are freelyibldéss@nd interaction (binding force) between thévents is
stronger than drug interaction with the good sdlvevhich leads to precipitation of crystals immeeia [16].
Bridging liquid collects the crystals suspendedhia system by forming liquid bridges between thestals due to
capillary negative pressure and interfacial tendietween the interface of solid and liquid [17]. $#ethod
proceeds in three steps as shown in Fig. No 2.

‘I_,-"". '..-. : "‘-—.::hd - z
/NG {\/%# ﬁ, , <%
—_ }’f \ —_— r‘;"s "4{\’: —_— —r S
‘t-;-.'.":.-'\:"\'tff Adding the bndgmg - : | ;“Q_‘I"- Random coalescence &
)f . liquud .
Formation of crystals Precipitated erystals and Sphencal agglomerates Enlarged sphencal
aggregate with bndgmg hquad agglomerates

Fig. No. 2: StepsInvolved in Spherical Agglomeration (SA)

The first step is the selection of the crystali@atmethod to precipitate crystals from solutias,,ithermal method
(temperature decrease or evaporation), physicodamiethods (addition of another solvent, salting) and
chemical reaction. The second step is the choighefwetting agent that will be immiscible with thelvent of
crystallization. Finally, the third step is the #aning of the agglomerates.
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The drawback of this system is that it provides leld, due to co-solvency effect of crystallizatisolvent. The
bridging liquid, the stirring speed and the concatiin of solids are the influencing factors foe tepherical
crystallization [21].

Quasi Emulsion Solvent Diffusion M ethod:

In the case of quasi emulsion solvent diffusiontrodt affinity between the drug and a good solverstionger than
that of the drug and poor solvent. Residual goddes in droplets acts as a bridging liquid to aygérate the
generated crystals. Due to the interfacial tenbietwveen the two solvents, the good solvent diffgsadually out of
the emulsion droplet into the outer poor solverggghas given in Fig. No 3.
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Fig. No. 3: Mechanism of Quasi Emulsion Solvent Diffusion Method

The crystallization of drug occurs by counter difin of good solvent and poor solvent. In this pes; the
emulsion is stabilized by the selection of suitaptdymer which is required for proper crystallizati In the
droplets, the process of solidification proceedsairds and the liquid are not maintained on theaserfand the
agglomerate formed without coalescence [16].

Ammonia Diffusion M ethod (ADM)

In this technique ammonia-water system is useti@good solvent and bad solvent is selected depgnuion the
drugs solubility in that solvent. The ammonia-wadtso acts as a bridging liquid. This techniqueallgumeant for
amphoteric drugs which cannot be agglomerated Imyertional procedures. The whole process is corplat

three stages [19]. First, the drug dissolved in amim water is precipitated while the droplets atdllhe crystals
(Fig. No 4 1). Simultaneously, ammonia in the aggdoate diffuses to the outer organic solvent (Ng.4 II). Its

ability to act as a bridging liquid weakens andsaduently spherical agglomerates are formed (Fagé4 NI).
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Fig. No. 4: Stepsinvolved in Ammonia Diffuson Method (ADM): (1) Drug Precipitation (I1) Ammonia Diffusion (111) Spherical
Agglomeration

Neutralization M ethod:

The method consists of dissolving the drug in thedysolvent and placing in the cylindrical vesséhwveonstant
stirring. During stirring an aqueous polymer salatiand one neutral solution was added to neutralieegood
solvent, which crystallizes out the drug. The bimdgliquid shall be added drop wise at a definiééer The
agglomeration of the crystal form of the drug tagksce [20].

Traditional Crystallization Process:

Spherical agglomerates shall be produced in thesbads by controlling the physical and chemicalpprties and
can be called as the non typical spherical crystdibn processes
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Crystal-co-agglomer ation Technique (CCA)

Applications of spherical crystallization to obtalimectly compressible agglomerates without dilseare restricted
to water insoluble large-dose drugs only. Mosth# excipients, such as diluents and disintegragigents, are
hydrophilic in nature; hence, incorporation of #hexcipients in the agglomerates formed using acglaridging
liquid is difficult. Because of this limitation, bprical crystallization could not be applied toabtagglomerates of
low-dose or poorly compressible materials [18].

To overcome these limitations of spherical crystation Kadamet al. developed the crystal-co-agglomeration
(CCA) technique. It is a modification of the spleatficrystallization technique in which a drug iystallized and
agglomerated with an excipient or with another drnwbich may or may not be crystallized in the syst@he
agglomeration is performed using bridging liquitheTprocess enables design of agglomerates corgdimodrugs
[18] or a low-dose or poorly compressible drug @mbination with diluents. The difference in the pitpchemical
properties of the drug molecules and the excigietbmes the major challenge in the selection ahast system
for the crystal-co-agglomeration.

Apparatusfor spherical crystallization:
Most of the cases spherical crystals are prepaitd simple equipment and apparatig. Mechanical stirring
element, suitable sized container (beaker), thetahesc, are arranged as shown in the Fig. No 5.

Fig. No. 5: Apparatusof Spherical Crystallization
Where, A) Stirrer, B) Vessel and C) Water bath

Factorsinfluencing the process of spherical crystallization:

The technique of spherical crystallization depeamgsn the several factors which contribute to thgspio-chemical
characteristics of the drug. During the crystatiaa the parameters like stirring rate, temperatpté, selection of
solvent system, addition rate of bridging liquid.ebteed to be optimized to get maximum amount diespal

crystals. How to optimize the processing paramedads how these parameters affect on ideal sphesigatals is
discussed as follows.

Selection of Good, Poor Solvent and Bridging Liquid:

The selection of solvent is determined by solupitiharacteristics of drug. A mutually immisciblegh solvent
system consisting of a poor solvent, good solvadtlaidging liquid is needed. When the drug congdledissolves
in solvent it is known as good solvent where asmihieig is not completely soluble in solvent it ikvn as poor
solvent. Physical form of product can be controldselection of proper solvent proportions. Theportion of
solvent to be used is determined by carrying oluthslity study. The dielectric constant of drugparticular solvent
also helps in determining the solubility of drugsimlvent. The drugs which are polar in nature gstlg soluble in
the polar solvent like water, alcohol etc. Whereas-polar drugs soluble in non-polar solvents [REM,
chloroform etc. Various solvent systems used arergin Table No 1.

The composition of agglomeration region can beutated by ternary phase diagram built from an inglete
SCHEFFE (1958) system. In this diagram the areadgiomerate obtained are shown in figure 6 arg].7 [
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Tableno. 1: Some of the examples enlisting different techniques and solvents used in preparing spherical agglomeration of drugs

DRUG SOLVENT SYSTEM TECHNIQUE | REFERENCE
Good Solvent | Poor Solvent | Bridging Liquid

Antibiotics
Enoxacin Ammonia-water| Acetone Ammonia-water ADM 4][2
Ampicillin Trihydrate | Ammonia water | Acetone Dichtimethane ADM [25]
Norfloxacin Ammonia-water | Acetone Ammonia-water ADM [26]
Cefuroxime Axetil Acetone Water Dichloromethane ESD [27]
Roxythromycin Methanol Water Chloroform SA [28]
NSAIDS
Aspirin Acid buffer Methanol Chloroform SA [29]
Aceclofenac Acetone Water Dichloromethane SA [30]
Acetylsalicyclic acid Ethanol Water Carbon tetrachle SA [31]
Celocoxib Acetone Water Chloroform SA [32]
Flubiprofen Acetone Water Hexane SA [33]
Fenbufen THF Water Isopropyl acetate SA [34]
Bronchodialators
Aminophylline Ethanol Water Chloroform SA [35]
Theophylline Ethylenediaming  Sodium Chloride  Water SA [36]
Antidiabetic drugs
Glibenclamide Dichloromethang ~ Water Chloroform SA 37][
Tolbutamine Ethanol Water Isopropyl acetate ESD,NT| [38]
Antiallergic drugs
Tranilast | Acetone | Water | Dichloromethane | SA ] [39]
Anti hypertensive drugs
Felodipine Acetone Water Dichloromethane ESD [40]
Valsartan Methanol Water Dichloromethane ESD [41]
Antihelmenthic drugs
Mebandazole | Acetone | water | Hexane [ SA | [42]
Antiepileptic drugs
Carbamazepine | Ethanol | Water | Chloroform | ESD | [43]
Antifungal drugs
Gresiofulvin | Dichloromethang  Water | Dichloromethane] ESD | [44]

SA = Spherical Agglomeration, ESDS = Quasi-EmulSoivent Diffusion System, ADS = Ammonia DiffuSigstem, NT = Neutralization
Technique, CCA = Crystal-co-agglomeration Technique

100% Z 0%
Drug solution Dishilled
in good Selvent Water
0hX y 100%
"
100% Brdgng bqad 0%

Fig. No. 6: Ternary Diagram for Selection of Solvent System
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Fig. No. 7: Different Regionsin Ternary Diagram

The ratio of solvent system shows affect on agglatien process. Increase in concentration of brigdiquid will
increase the average diameter of agglomeratedatidise to enhanced agglomeration of crystals.

Bridging liquid should not be miscible with poorsent and should preferentially wet the precipitateystals. As a
result of interfacial tension effect and capilléoyces, the bridging liquid causes the crystaldbeae to one another.
Selection of solvent can also alters the polymarpiaiture of solid. When solid soluble in solvengets transition
motion which will results in molecular mobility antiolecular array gets change which will affect dirygcal
properties like melting point, dissolution etc.

Addition Mode of Bridging Liquid:
The rate of addition of bridging liquid in the syst mainly affects on the spherical nature of thestats. The
addition also depends on the stability (mass tearsfdrug from droplets) of droplets in the syst{@a].

The drop wise addition of drug solution responsifile greater contact time of droplet in the systand the
residence time after addition of solution will degse. If the droplets of drug solution unstabléhasystem it will
stick to the paddle so that in such a case thetdaddition will work out in some extent. In suchgmomenon the
drug suddenly comes in the contact with the systenthat the surface tension of droplets will redaod that
results in fast mass transfer of drug from the Btopnd drug would not stick to the paddle.

Interfacial Tension:

In order to study the influence of the interfaciehsion between the crystallizing solvent and wathe
crystallization solvents are carefully chosen. $akected solvents have a significant differendaterfacial tension
with water and have roughly the same physico-chaihpcoperties (density, viscosity, solubility andsaibility

with water).

The reduction in the interfacial free energy ofeanulsion system contributes to the emulsion stghbilihis means
that reducing the interfacial energy between thgaoic solvent and water would reduce droplet coelese and
secondary agglomeration [22].

To increase the yield of the crystallization pracésseems reasonable to increase the volume dradtf the
introduced dispersed phase up to miscibility liofithe organic phase in the aqueous phase. Wherotiwentration
of the organic phase is close to the saturatidhefiquid phase, the particles are soft (gel Skeicture) and sticky.
As a consequence, during the process the parsties to the impeller and to the crystallizer walhe gel like
structure is obtained when the mass transfer flaotganic phase to aqueous phase is too slowlifétime of the
emulsion is then much higher which leads to aneiase of the coalescence frequency of the droptéth
interfacial tension of good solvent and poor solvproduces large droplets result in coalescencectwlis
incompatible to the process of spherical crystafion.

Interfacial tension between organic solvents antemean be measured by dynamic Whilhmy plate metfiade

dependent changes in the interfacial tension atectésl automatically. The beaker is filled with /A of water
saturated with organic solvent. The entire platthén immersed in the aqueous phase and then 1 ambanic
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solvents is carefully deposited on the surfacéhefaqueous phase. By measuring the applied fom®ding to the
immersion depth and dimension of substrate perintkéecontact angle can be calculated as by foligwiquation.

v =F/L cosd

Where,

v = Contact Angle

L = Wetted Perimeter
F = Measured Force

Mode and Intensity of Agitation:

In optimization of spherical crystals of drug, thewde and intensity of agitation is an importantapagter in
concern with the shape and size of the agglomerates agitation is necessary to disperse the brgddjguid
throughout the system. The agitation speed wittutar motion determines the fluid flow in system.

The spherical crystals at high speed will give $enaize of agglomerates where as at lower speeill igive larger
size. For obtaining the optimum size of agglomerdke optimization of agitation speed is necesgaspherical
crystallization. The blade used for agitation aé responsible for maintaining the shape of aggtatas. Mainly
screw type agitator with four flat blades is used Mmaintaining the shape. The sharper blades will the
agglomerates and leads to formation of irregulagl@gerates [23]. Some drug required low speed for
crystallization where as some required high speed.

The nature of speed mainly depends upon the rateysfallization in the system. If the rate of dajization of
drug is high the agitation for agglomeration regdihigh speed. Because when bridging liquid willem crystals
due to high speed, bridging liquid quickly squeemeand agglomerates will form with uniform distitton. On the
other hand if the crystallization rate is slow, thigstals required time for come in contact witidging liquid and
formed agglomerates will not uniform in size. Ityrize due to, when we kept the system at high stieetridging
liquid will squeeze rapidly and agglomeration widit occur.

The rate of crystals growth is determined by sew&sps in the growth process. This can eitherheediffusion of
materials to the surface or the kinetics of surfameess. Both diffusion and surface integratiorekcs are process
driven by difference in chemical potential. Henciweh force for crystal growth is given as

US - us* = vRT In (as/as*)

Where, as/as* = Activities of supersaturated andrated ions,
us* = Respective chemical potential Stoichometric coefficient of the ions

During the crystallization process specific amoofndliquot is withdrawn from the system at suitaioiervals. It is
filtered through a membrane filter with a pore sifé.45 micrometer. The filtrate is evaporated #elresidue is
diluted with suitable solvent. The drug content aéming in the medium is determined spectrophotoicsty.

Temperature:
Temperature mainly affects the thickness of agglamtes. It is inversely proportional to the thicknesf
agglomerates that is when crystallization processed out at high temperature the thickness ofcaggrates will
decrease [23].

The average size of agglomerate was smallest atrifstallization temperature 100C. At higher tenapere, the
larger agglomerates were produced initially andeteilibrium attained more rapidly than at lowemperature. At
lower temperature, it was characteristic that themh rate of crystals was slow at the initial stdgut become
faster at the later stage. At low temperature, itlitgal numbers of crystals produced were greabemtat high
temperature i.e. the number of nuclei increasel détcreased crystallization temperature [23].

pH:

The drugs are prone to polymorphism because ofgghampH. So that maintaining of pH during crystaltion is
mandatory for avoiding polymorphism. In neutraliaatmethod, the change in pH of good solvent arat golvent
will affect on crystallization process. In this easnainly 0.1N HCI| and 0.1N NaOH are used for dagyout
neutralization reaction. Some APl when comes irtactrwith light shows polymorphism, the crystaltiva of such
type of API carried out in amber colored vessel.
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Residence Time:

The time for which agglomerates remain suspendesaction mixture affect their size shape and gtitef23].

Residence time for the agglomeration of re-cryigedl crystals need to be optimized. Below the ojatih

residence time the incomplete agglomeration ocduesto incomplete diffusion of good solvent andlbig liquid

from the formed droplets in the dispersion medidmlonger residence time the formed agglomeratesidown
and the size of the agglomerated particles decsed$és might be due to the solubilization of tlyglamerates by
the bridging liquid that diffuses out from them.

Concentration of Polymers (or) Stabilizers:

The number of water insoluble drugs is increasiag oy day. Solubility problem of such drugs canniaimized
with the technique of spherical crystallizationyy&al habit of a drug is an important variable apmaceutical
manufacturing. A number of basic physical propertiach as solubility, dissolution rate, meltingdeébr and some
micromeritic properties depend on the modificatioh a particular drug. Sometimes if in the process o
crystallization the crystal habit (Acicular, Plat@ipyramidal) modification not occurred, in thatseathe
improvement of solubility will be major problem,ishproblem can be solved by addition of polymeise Thange
in crystal habit can be determined with the helpsofface energy of the crystals. Surface free gneamn be
calculated by Gibbs equation using melting or sitityimethod.

Melting method
AG = AH - T(AS)

Where AG = free energy
AH = enthalpy difference
T = Temperature

AS = entropy difference

Solubility method
AG =-2.303RTL og(S0/Sc)

Where AG = free energy

R = gas constant

T = temperature

S0, Sc = Molar solubility’s of agglomerates andeparystals

When crystals forms, the surface free energy resnhigh, this energy can be minimized by agglomenatf
crystals or by addition of polymers which adsorledcrystal surface and reduce its further growthsuch event
polymers plays important role in increasing theubdity as well as dissolution of drug by makingugrmore
soluble in the dissolution medium. Some polymengehiaeen found to inhibit crystallization are metgflulose,
hydroxy propyl methyl cellulose, polyvinyl pyrrolite. These anti-nucleating polymers show reduction
crystallization and increase amorphous behavioregjibetter solubility and dissolution rate. They ucl
crystallization by four mechanism i.e. step spignimcorporation, kink blocking and step edge apigon.

The anti-nucleant polymer molecules are incompatiblboth size and shape of host molecules of grpwrystals
surface. Therefore their incorporation into théidatalters growth characteristics of the host malies [16]. During
the crystal precipitation, a hydrophobic surfacdoisned. Due to the surface energy, the energyhefdystem
increases. Thus, a stabilizing agent provided ithas any affinity to the surface covers the nefelymed surface
spontaneously. Thereby, the surface energy andeqaestly the enthalpy of the system are lowered: 3iall
particles, which normally would aggregate in orttelower the surface energy, are stabilized againstal growth
by a layer of protective polymer.

In the vessel the agglomerates are actually spldyia they are soft and sticky and their structsrest during the
downstream process (filtration and drying). Whenadditives are added to water phase, it is imptessidobtain
spherical particles with crystalline texture [2Zhe polymer likeB-cyclodextrine, polyethylene glycol, poloxomer
stabilizes the emulsion droplet so that crystdiiora of drug occurs in system. The polymers alstréase the
dissolution rate of poorly soluble drugs [16]. Tiv@blem of mechanical strength of crystals can bisdandled by
addition of polymers like PVP, PEG, ethyl cellulage [23].

Generally the polymer and drug are dissolved inrmom solvent and this solution is added in the mmivent so

the complex of drug polymer crystals complex fornvesich mainly responsible for improving the solityilof
drug. Sometimes if the polymer and drug is not lsielun common solvent then the polymer is dispelisepoor
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solvent and drop wise addition of drug carried ditte polymer agglomerated on the surface of crystaimed by
drug.

Improvementsin physicochemical properties of drug substances by spherical crystallization technique:

The spherical crystallization can enable subsequertess such as separation, filtration and drerige carried out
more efficiently. It exhibits high flow ability, m& ability, compressibility and wettability of theaterials.
Following physicochemical properties were improvgdspherical crystallization technique [18]

Particle Size and Shape (Crystal habit):
The size and the crystal habit of the pharmacdstichanges during recrystallization process in spake
crystallization method. The change in crystal habjpharmaceuticals gives different physicochemgaperties.

Density:

In spherical crystallization process re-crystatima of drug agglomeration occur, at same time aizé of the
agglomerates increases as compared to originalatsysf drug substances. Therefore volume of thidomgerates
increases and density of the drug substances destea

Amor phous Form:
If the polymers are added during re-crystallizatafnpharmaceuticals, amorphous form is developeathwhre
having more solubility comparative to crystallireerh.

Stability:

Due to change in their polymorphism during re-aifstation process, there is change in stability dofig
substances. As the spherical agglomerates aredgtfienaerates of small re-crystallized crystals idluees the
surface area and improvement in stability

Flow ability:

Flow ability of the agglomerates is much improvedtlae agglomerate exhibits lower angle of repose that of
single crystals. This improvement in the flow alilof agglomerates could be attributed to the $icgmt reduction
in inter-particle friction, due to their sphericdlape and a lower static electric charge.

Pack ability:

Improve pack ability has been reported for aggl@ter prepared by spherical crystallization. Thdean§friction,
shear cohesive stress and shear indexes are lbarethat of single crystals, which can improvephek ability of
the agglomerates [26].

Compaction Behavior of Agglomerated Crystals:

Good compatibility and compressibility are essénpeaoperties of directly compressible crystals. &tal

agglomerates possess superior strength charaictiistcomparison to conventional crystals. Ituggest that the
surfaces are freshly prepared by fracture duringpression of agglomerates, which enhances theigleter

particle bonding, resulting in a lower compressiorce required for compressing the agglomeratesmupthstic
deformation compared to that of single crystals.

Mechanical Strength of Resultant Tablets:

The tablets compressed with the agglomerated ¢systehibit higher tensile strength than that of poessed
original crystals. The tensile strength of tablptepared from agglomerated crystals is higher ttentablets
prepared from single crystal at the same compregsiessure and porosity of the tablet. This was tduglastic
deformation of the agglomerated crystals resuliingreater permanent antiparticle contact and ggobond force
than in case of the original crystals.

Wettability:

Wettability of agglomerated crystals by water iwdstigated by measuring the contact angle of wadethe

compressed crystals .The wettability depends orctystallinity and elementary crystal size of thgglamerated
crystals. As the contact angle decreases the vil@itahcreases. Crystals with low crystallinityeamore wettable
than crystals with higher crystallinity.

Solubility:

The improved solubility in spherical agglomerateaynbe due to changing the crystal forms, differabit,
structure, surface modification & in some instana@dvents included into the crystals forms sohatslathrates
can changes the surface properties and the ragct¥idrug particles. The change in internal eneafythe
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molecules plays an important role to increase slittgbSome polymers used showed increased intrégha
porosity suggested the absence of polymer depositiothe empty spaces between micro crystals in the
agglomerates. The agglomerated crystals preparéttbyporating water soluble polymers like polydéme glycol

can improve solubility.

Dissolution Rate and Bioavailability:

The dissolution rate and bioavailability of aggloated crystal depends on particle size, particlesitye and
specific surface area of the agglomerated crystalbas been elucidated that the dissolution ofl@ggrates
increases as apparent specific surface area iesrefabletting compacts partially breaks the agglated crystals
and thus the average particle size is reduced.cBuatpression also increases the particle densitychvmay
adversely affect dissolution. Specific surface avbarystals is found to depend on the method dsedpherical
crystallization.

CONCLUSION

The technique of spherical crystallization is sienpind inexpensive, can be successfully applied ddifgn the

micromeritic and physco-chemical properties of theg. The spherical crystallization can also beliagpfor

manufacturing spherical crystals of poorly solubleigs in order to improve wettability, solubilithare by
bioavailability and dissolution rate with or withousing polymers. Method used for preparation dfiesizal

crystals is needed to be optimized for various @ssing parameters to get ideal spherical agglorser&n the
whole, spherical crystallization technique seembeagromising technique in which the drug crystaks changed
by applying different solvents for obtaining directmpressible spherical agglomerates.
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