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ABSTRACT

BCS class Il drugs offer challenging problems ieittpharmaceutical product development process beeaof
their low solubility and dissolution rates. The wadrug will precipitate upon a shift from gastnqd (pH 1.5) to
intestinal pH (pH 6.5-7.0). With the increasingnmher of poorly water-soluble compounds in presexyt drug
discovery pipelines, the concept of supersaturatems an effective formulation approach for enhancing
bioavailability is gaining steam. This is intendeéd design the formulation which yields significantligh
intraluminal concentrations of the drug than theemmodynamic equilibrium solubility through achigyin
supersaturation and therefore to enhance the iimtakabsorption. The major challenges faced by rts¢s in
developing supersaturatable formulations includentoalling the rate and degree of supersaturatiorthwthe
application of polymeric precipitation inhibitor dmmaintenance of post-administration supersaturatibhe extent
of precipitation can be measured using various néphes. The precipitation of a poorly water-solubleakly basic
drugs were investigated under different concertratit has been shown that the drug precipitatgsdig under
supersaturation. Solid dispersion techniques arfirsiero-emulsifying drug delivery systems (SMEDB&) the
inclusion of certain polymers can prevent recryigation, stabilize amorphous APIs, enhance soitybiand
process ability and facilitate dissolution. Diffatepolymers have been evaluated as precipitatibibitors. HPMC
was shown to be the most potent polymeric pretipitanhibitor.

Key words: supersaturation, polymeric precipitation inhibitoistraluminal concentrations, solid dispersion,
SMEDDS.

INTRODUCTION

Around 40% of new chemical entities exhibit poou@gus solubility and present a major challenge ddem drug
delivery system. A rate limiting step for the almin of these drugs is often their solubilizatiarthe GIT. These
drugs are classified as class Il drugs by Biophasutcal classification system (BCS), high permigghivith poor
agueous solubility. Hence, a greater understanafimijssolution and absorption behavior of drugdwiw aqueous
solubility is expected to successfully formulaterthinto bioavailable product. The properties ofgdifuat affect the
drug dissolution includes solubility, particle sipplymorphism, salt form, complexation, wettapilietc. and it can
be targeted to enhance the dissolution of poorliewsoluble drug¥’. Use of water soluble excipients is most
common and simplest way to enhance the dissolutéde of hydrophobic drugs. These excipients indude
polymers, superdisintegrants, carbohydrates, darigg;etc. which works in different ways to enhattoe water
solubility of drugs. The role of technique of pregigon of formulation is as important as the chat¢he carriers to
enhance dissolution of drugs due to difference Ha teduction of crystallinity of the product andrfage
characteristics of the particfés
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Fig.2 pH/solubility profile of weak acids and bases®

BCS class Il weak basic drugs such as ketoconadipgiidamole, and carvedilol, easily dissolve asgic pH and
then may occur the precipitation or reach the sgiaration entering the duodenum due to higherrenwiental
pH. In vivodrug precipitation has been a major issue facimglg soluble drugs, especially weak bases. Far th
enhanced intestinal absorption to take place, sapgation must be obtained and maintained in #s¢raintestinal
environment In vivo induction of supersaturation can be aghéethrough various formulation approaches. There
are different approaches to induce supersaturatiba.metastable state of supersaturation has sugtained for a
time period sufficiently long in order to improveestinal absorption. It has been demonstratedapylication of
functional excipients (polymers, surfactants, etap effectively minimize and/or delay drug pre@fon in a
highly supersaturated state and this stabilizeersagpuration as evidenced by appropriate in véstst As it can be
expected that the gastrointestinal environment éadudrug precipitation in vivo, in vitro evaluatioof
supersaturation requires careful consideratiorimfdlevant test methods mimicking physiologicatiesnments’,

Sirius has developed a novel titrimetric method faasuring solubility. The CheqSoll,2 method presia fast

method of obtaining both the equilibrium and kinetdlubility of ionizable compounds. The CheqSothod is a
valuable tool for investigating the supersaturatoal precipitation behavior of drugs. Compoundsdascribed as
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Chasers or Non-Chasers according to the way thiegeein CheqSol assays. The differences betweese@hand
Non-Chasers are indicated in Figure 3. In ordecristallize, a compound must first attain a sugerssed state,
and differences between the kinetic (KS) and doguilm (ES) solubility show how the compound willystallize
and how supersaturation may be maintaified

Compound Classification
I

[ \

Chaser Non-Chaser

KS>>ES KS=ES
Short-fived Prolonged
Supersaturation profile. supersaturation profile.
Precipitates as Precipitates as
crystaliine form amorphous form

Fig.3 Difference between Chasersand Non-Chasers
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Fig. 4 The spring and parachute model of
supersaturation

Strategies to enhance absor ption by creating super saturation:

A number of different formulating approaches haeerbused in order to create supersaturation of grupe

gastrointestinal tract and thereby increase abisorpf low solubility compounds. Perhaps the mashmonly used
is salt formation of the base or acid, with a plewee of approximately 40% reported for commonlgdimarketed
drugs. Salts with different counter ions generhbye different apparent solubility, and the cha€eounter ion in
pharmaceutical development is governed by a cortibmaf physicochemical/formulation issues suclsalsibility,

chemical stability, rate of dissolution and meltipgint, and the in vivo appropriateness of the’s#pparent
solubility increase of the solid phase can alsoautiézed in vivo using other solid phases such alyages and
metastable polymorphs, prodrug, cocrystals and phoars form of the drug. The latter is normally diabéd by
making a molecular dispersion between a carripicéfly a polymer, and the drug. This locks thedsdirug in an
amorprgli)eus solid state with an apparent higher dajulthan the crystalline solubility, if the caeti is carefully
chosen™.

Other formulation strategies involve finding soniedkof solvent that the drug molecule prefers ® ¢nvironment
in the gastrointestinal tract, giving the drug asgibility to be diluted and absorbed without préeifion. This

includes co-solvents, lipids and complex formingrag such as cyclodextrins or combinations thesaoh as self -
emulsifying drug delivery systems containing bagiids and co-solvents
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Factorswhich influence drug polymer interactionsare:

a) Temperature: when temperature increases the binding betweem aind polymer decreasés

b) Molecular weight: polymer with high molecular weight interact maosgongly with drug molecule due to
increases viscosity or availability of more funcié@b group&©

c) Viscosity: as the viscosity increases it decreases theafatirug diffusion from bulk solution, resulting in
crystallization inhibitioR*?’,

d) Didectric constant: decreased dielectric constant can increase aiudpiity, which in turn results in decreased
degree of interaction between the drug and pol§iner

e) Hydrogen bonding: as the number of hydrogen bonding sites incredseg-polymer interactions also get
increase. This would lead to delayed nucleatioorgstal growth inhibitiofi 232

INFLUENCE OF POLYMERS ON SUPERSATURATION OF IBUPROFEN SODIUM IN VITRO AND IN
VIVO:

Ibuprofen is well-known NSAID which is widely used analgesic, antipyretic, and anti-inflammatofgat®. The
commercial form of ibuprofen is the racemic freelatlowever, this drug is practically insoluble.

The salt form of a drug can be provided to circuntibe dissolution limited absorption of the frexdaby selecting
a highly soluble salt. But since compound ionizati® driven by pH, if pHax of the compound is above the pH in
that region of the GlI, the dissolution enhancenadfarded by the salt is quickly lost as the drugpdbportionates
and precipitates as the less soluble free*séid

Some excipients used have been shown to delayishbeodortionation of salts by serving as pH modgiduring
dissolution. But this has limited success. Alteiney, if disproportionation cannot be avoided,nhieis desirable
to prolong the solubility enhancement afforded liny $alt over the equilibrium solubility of the thedynamically
stable free acid in the stomach by maintaining sgiaration of ibuproféf™’. In order to prolong supersaturation
achieved by higher energy phases, precipitatiofbitans have been shown to interfere in the nuad@aand/or
crystal growth stages of the more thermodynamicsitiple phasé

Guzman et al. have demonstrated that specific awatibins of crystalline salt forms of celecoxib wtblymers and
surfactants can provide both enhanced dissolutiod high oral bioavailability; however a mechanistic
understanding into how these excipients are intierguevith celecoxib is not pursu&d Since a combination of drug,
polymer, and the surfactant is required to maintipersaturation in the case of celecoxib, it igisable to
evaluate an alternative drug substance to determiregher the simple combinations of salts with pwys could
prolong supersaturation during in vitro dissolutitesting. It is proposed that a variety of mechasiscould
contribute to prolonged supersaturation dependingth® drug-excipient combinations. Therefore, thignary
objective of this study was to identify polymersitleffectively prolonged the supersaturation opitofien. And the
second objective was to begin a mechanistic evaluanto how ibuprofen interacted with the specificlymers
that maintained supersaturation for an extendeidger time.

EXPERIMENTAL SECTION

Materials:

Ibuprofen(free acid) was purchased from Sigma (Sidddrich, St. Louis, MO, USA) and the (R/S)-ibufen
sodium dihydrate was prepared from the free acid &r006 molar equivalents of sodium hydroxide. The
crystallization for ibuprofen sodium dihydrate waased on the procedures outlined by Lee and W3nput
without the need for cosolvent to facilitate préifion. The final form of ibuprofen sodium dihytdeawas
confirmed to be the racemic conglomerdtePharmacoat 603 (hydroxypropyl methylcellulose M@P Shin-Etsu,
JAPAN ), Kollidon VA64 (polyvinyl pyrrolidone-vinylacetate copolymer, PVP-VA, BASF), Poly(acrylic )ci
(PAA, Aldrich), Carbopol 974P (Lubrizol), Plasdon€l2 (polyvinyl pyrrolidone, Ashland), hydroxypropyl
methylcellulose acetate succinate (HPMCAS, HF gr&tén-Etsu), carboxymethylcellulose sodium saM(Na,
Sigma), hydroxypropyl cellulose (HPC, SL grade)tgieellulose (MC, 400 cPs, Sigma-Aldrich), Kollid®5
(polyvinyl pyrrolidone, Sigma), Carbopol 934P (Li#ml), Soluplus (BASF), HPMCP 50 (hydroxypropyl
methylcellulose phthalate, Acros), and Klucel EXfydroxypropyl cellulose, HPC, Ashland) were used as
polymeric excipients. Sodium chloride, hydrochloscid, and sodium acetate purchased from FisheA &i®l
glacial acetic acid (Mallinckrodt, USA) were usead the preparation of the dissolution buffers. HPgfade
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acetonitrile and 85% phosphoric acid were purchdsed Sigma-Aldrich (St. Louis, MO, USA). Deionizedater
from the house line was used for all aqueous soistand these were prepared as needed for eaafinespé?

Characterization of Blends by X-ray Powder Diffraction (XRPD)

X-ray powder diffractograms of 1:1 ibuprofen sodiymlymer blends were Measured on a D8 Discover yX-ra
diffractometer (Bruker AXS, Madison, WI, USA). Salep were prepared on a 20 mg scale and mixed at an
intensity of 30% for 120 minutes prior to being gmad in transmission scan mode with a 600 secaaqdisition

time and oscillation amplitude of 0.5. Data werdlemted using Symyx Epoch and viewed using SpeSttalio
(Accelrys, Inc., San Diego, CA, USK)
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Dissolution profiles of 1:1 ibuprofen sodium: pre-dissolved polymer in SGF
at 37 °C during supersaturation screen.

Super saturation Screening of Ibuprofen in the Presence of Polymers

Preliminary supersaturation screening of ibupragedium salt in pre-dissolved polymer solutions wasducted
using a high-throughput screen to determine paikdégree of supersaturation that could be achidvesgolution
experiments with ibuprofen sodium were performed87atC in simulated gastric fluid (SGF). The formdibr SGF
was 2 g/L sodium chloride and 1.4 mL/L of 12N hyadhtoric acid in deionized water at a final pH 08.1For
screening studies, polymer was pre-dissolved anaentration of 1 mg/mL in SGF. Supersaturatioeeging was
conducted in round bottom high performance liquidomatography (HPLC) vials on a 1 mL scale, wittidso
ibuprofen sodium added to each vial at a targeteotnation of 1 mg/mL. Samples were shaken at Ho® on a
temperature controlled shaker programmed at 3 °€hable uniform mixing without the addition ofta sar that
could interfere with particle growth during equitittion. At 20, 40, 60, and 120 minutes, aliquotshaf slurries
were centrifuge filtered through a Multi Screen HFSF filter plate (Millipore, Billerica, MA, USA) red the
filtrate was diluted and assayed using HPLC to rdeitee ibuprofen concentration. Since excess s@idained in
the media, dissolution samples were allowed toligmate for 24 hours in order to determine equilibr solubility
of ibuprofen in the presence and absence of polymesrder to confirm that equilibrium was achiewsithin that
time, slurries starting from ibuprofen free acidrevealso evaluated with the same amount of polyntesgnt
following 24 hours for comparison. The degree opessaturation was calculated by dividing the maximu
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measured concentration of drug in solution durirsgalution by its equilibrium solubility determinéadllowing 24
hours in the system of interest. The duration giessaturation was the amount of time that thatnteasured
concentration of drug in solution remained abowedhuilibrium solubility of that system. Measurentseof pH of
the samples were made using an Accumet pH met#érdissolution experiments were conducted in tdate and
data is reported as average concentration of fiiekimsolution + standard deviatitin

In Vitro Dissolution Testing and Equilibrium Solubility Assessment

Dissolution experiments were performed at 37 °Gimulated gastric fluid (SGF) and 50 mM acetatefdyudit pH
5.0. The recipe for SGF was 2 g/L sodium chloridé 4.4 mL/L of 12N hydrochloric acid in deionizeduter for a
final pH of 1.8. In order to fully evaluate potaitmechanisms of supersaturation, 50 mM acetatieibaf a pH of
5.0 was also used as dissolution media sincel# fatween the pKa of ibuprofen and the,ptbf the ibuprofen
sodium salt. The intent was to avoid immediate mradightion of the ibuprofen sodium in the mediadgfecting a
condition that could have slower kinetics of digmdionation and would have a lower degree of ssgieration
from the starting concentration to the equilibriswiubility of ibuprofen in the selected media. FExperiments
where poI;;rzner was pre-dissolved in media, polynmduteons were prepared at 1 mg/mL in SGF and 2 rhgfm
pH 5 buffer<.
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Dissolution profiles of 1:1 ibuprofen sodium:polymer in SGF at 37 °C.
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Dissolution profiles of 1:1 tbuprofen sodium:polymer in pH 5 buffer at 37 °C.

Dissolution screening was conducted in round bottdRLC vials on a 1 mL scale, with an ibuprofen sodli
concentration of 1 mg/mL for SGF studies and 2 nigfar dissolution in pH 5 buffer. Samples were strakat 500
rpm on a temperature controlled shaker programme¥ &C to enable uniform mixing. At various timeins,
aliquots of slurries were centrifuge filtered thgbua Multi-Screen HTS-PCF filter plate (MilliporBjllerica, MA,
USA) and the filtrate was diluted and assayed ubigh performance liquid chromatography (HPLC) &tedmine
ibuprofen concentration. Since excess solid rengainghe media, dissolution samples were allowedduilibrate
for 24 hours in order to determine equilibrium dility of ibuprofen in the presence and absenceaymer. In
order to confirm that equilibrium was achieved,rsés of ibuprofen free acid were also evaluatethlie same
amount of polymer present following 24 hours. Tlegrée of supersaturation was calculated by divitiregactual
concentration of the drug in the solution by itsiiégrium solubility determined following 24 houis the system of
interest. Measurements of pH were also made usndgaumet pH meter. All dissolution experiments &er
conducted in triplicate and data is reported asamesconcentration of free acid in solution + stmdleviatioff.

In vivo Studies:

In vivo studies were conducted in Wistar Han raisetaluate the influence of various polymers on the
pharmacokinetic parameters of ibuprofen. Each efpgblymers evaluated in the two-stage dissolutigpegments,
including HPMC, PVP-VA64, HPC, MC, and Soluplus,rerélended in a 1:1 ratio with ibuprofen sodium &hed

into gelatin capsules for oral administration. Sizbard gelatin capsules were selected becaudeiofduitability

for oral gavage to rats and their rapid disintégraprofile, as per the manufacturer’s specificagiowhich would
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enable drug and polymer to quickly initiate thagswlution in the stomach so that the impact ofrfidiation on G«
and T, could be observéd

A dose of 25 mpk (ibuprofen free acid equivalengswselected based on previous work by Newa et lachw
suggested that there are opportunities to detectges to the pharmacokinetic profile of ibuprofethess dose since
absorption did not seem to be maximized at thissdeigh a conventional ibuprofen free acid formwati The
average plasma concentrations of various formulatiof ibuprofen following oral administration totsawere
compared. Overall, a delay in the initial onsetab&orption was observed with the ibuprofen free acofile in
comparison to all formulations containing ibuprofesdium. Minimal plasma exposure was observed thigh15
minute time point for the free acid formulation Vehall other formulations containing the sodiunt sdilibuprofen
have significantly higher ibuprofen plasma concatiins at the same time point. In addition, thg,Tor ibuprofen
free acid was significantly delayed relative to thmiprofen sodium-containing formulations. Upon tiadi
assessment, a highegLwas also achieved with some polymer-containing fdations which suggested that these
polymers were successfully prolonging supersatmati vivo when compared to the ibuprofen sodiunmidation
alone. These observations also correlated withtwloestage dissolution experiments, where a sigmificlelay in
dissolution of neat ibuprofen free acid is obserxgdtive to the ibuprofen sodium-containing foratidns under
SGF condition¥.

. Ibuprofen Free Acid

Ibuprofen Sodium Salt
Ibuprofen Sodium:HPMC
Ibuprofen Sodium:PVP-VAG64
Ibuprofen Sodium:MC
Ibuprofen Sodium:HPC
Ibuprofen Sodium:Soluplus

300 1

gl K

Plasma Concentration (uM)

Time (hour)

Figure 4.5. Mean plasma concentration of ibuprofen following oral administration in
Wistar Han rats (n=6) under fasted conditions at a dose of 25 mpk. Ibuprofen free acid
(#).1buprofen sodium salt (m),1:1 1buprofen sodium:HPMC (4).1:1 ibuprofen
sodium:PVP-VA64 (O), 1:1 ibuprofen sodium:MC (A), 1:1 ibuprofen sodium:HPC (),
and 1:1 ibuprofen sodium:Soluplus (©).

CONCLUSION

Combining ibuprofen sodium with various pharmaagalty acceptable polymers alone resulted in thatifleation

of several drug-polymer combinations that demotetirdigh degrees and extended durations of supeasian
during in vitro dissolution experiments under cdiwtis where the highly soluble ibuprofen sodiunt sahverted to

a poorly soluble free acid phase. These formulatiorcluded HPMC, PVP VA64, MC, and HPC. These
observations differ significantly from previous Wathat required the inclusion of surfactant to #adt-polymer
formulation to enable supersaturation. It is likétat the surfactant-like properties of ibuprofedism eliminate
the need for addition of surfactant to the formolato enable supersaturation. This finding resialtthe feasibility

of developing of a more simplistic formulation tahéeve desirable supersaturation profiles. The iimov
supersaturation observed with these polymer-ib@orddbrmulations translated to an increase jin,©f ibuprofen
plasma concentrations relative to ibuprofen sodivithout polymer and a decrease ip.drelative to ibuprofen free
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acid without polymer for the PVP-VA64, MC, and HR@mulations. Based on these observations, a catibm
of an appropriate polymer with a salt form of andecdrug may be a viable formulation approach tolgng
supersaturation in the stomach and enable incre@ggcnd earlier T« in vivo where rapid onset of action is
desired for pharmacokinetic profile of a dffig

Examples of applications of polymeric precipitation inhibitorsin the Gl-tract:

Polymeric precipitation inhibitors have broad padi@rapplication in the inhibition of drug precigtion in the GIT.
A number of formulation methods have been repoftedvercoming or mitigating low aqueous solubildf oral
drugs. One proven approach is to maintain an unmadal concentration that is above the intrinsitbiity of the
API. This strategy is also known as a supersangatiug delivery system.

Which prevents the drug precipitation after dissohuof SDF and also after dispersion of lipid-tthéermulations.

Polymeric Precipitation Inhibitors and Solid Dispersion:

The inclusion of certain polymers within the soliispersion or lipid based formulations can maintdig
supersaturation after dispersion of the vehicladileg to enhancement in the bioavailability andiakility in

exposure. Polymeric precipitation inhibitors aimnt@intain drug in a supersaturated, thermodynaiyicalstable
state (metastable) over a period of time that iickent to allow absorption of drug from GIT. Poheric
precipitation inhibitor mode of action is not thghuco-solvency and they do not typically increageiléorium drug
solubility. Polymers like HPMC, PVP,PVA,PEG are dises polymeric precipitation inhibitdfs

Resear ch materialized in Polymeric Precipitation I nhibitors:

» Liu,2008 reported that polymeric precipitation ipibdrs can act as crystallization inhibitors attbaucleation
and growth (kinetics and crystal habit) stageseSahpotential sites of action were identifiéd

» Raghavan et al. 2001 revealed that changing therptitsn layer at the crystal solution interfaceslirding the
properties of the hydrodynamic boundary layer sumding the crystal, potentially decreasing the mitdiffusion
of drug molecules to the crystal nuéfei

Polymeric Precipitation Inhibitors and SEDDS:

The supersaturatable self-emulsifying drug deliverstem comprises a new thermodynamically stabladtation
approach where it is designed to turn back a retlumemount of surfactant and a water-soluble polymer
(precipitation inhibitor or supersaturated prompiarorder to prevent the precipitation of the dimggenerating
and maintaining a supersaturated state in-vivongh¥. et al. prepared supersaturatable self-micubsfying drug
delivery system (S-SMEDDS) of Carbamazepine (CB#§.Tesults showed the presence of small amount of
polymeric precipitation inhibitor (PVP-polymer uséud the study) effectively kept up supersaturatéates by
delaying precipitation kinetiésS-SMEDDS formulation with precipitation inhibitdiecreased impairment of cells
due to a lower surfactant level compared to SMEDTI& absorption of S- SMEDDS in-vivo results showédut
5-fold increase in bioavailability when compared ¢ommercial tablet and the reproducibility of plasm
concentration profiles intra-individual was impravemarkabl{*.

The cellulosic polymers are excellent crystal gtowthibitors and are effective in sustaining theessaturated
state of the drugs in GIT. The ability generateupessaturated state with HPMC along with the S-SEDD
formulations may be due to the formation of theeljdspaced cellulosic polymer network that is fodnoeie to the
HPMC chains in water. HPMC chain inhibit nucleatias well as crystal growth by adsorption of the HPM
molecules onto the surface of the nuclei or onéosilrface of crystals

Precipitation/crystallization

Precipitation is influencing the bioavailability @ffecting the rate and extent of drug absorptithen a molecule
is precipitated from a supersaturated solutiois, itansformed to its crystalline form, removednfrthe solution and
hence does not contribute to the supersaturatfectein the concentration gradient. This in turedieto decreased
absorption and thus decreased bioavailability.tHeurit can be imagined that when molecules areraes over the
membrane, the absorption rate decreases sincatimation decreases. This due to the decreaseagkitié on the
concentration gradient by the decreasing numbeirag molecules in the small intestin@he precipitation from a
supersaturated solution is depending on the presestnucleation and crystal growth. As previoustigted, an
increasing degree of supersaturation increasesiskeof nucleation and crystallization, which leatds faster
precipitation. Nucleation can be described as thenétion of a solid phase in the supersaturatedtisal in an
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attempt to separate the solute from the soluti@hthareby reducing the total Gibbs free energyctvlis very high
in supersaturated solutions. Crystallization iscdegd as the further growth of the nuclei, resigitin precipitation.
It is important to point out that these processasipsimultaneousty™”

MECHANISM OF CRYSTALLIZATION

Fig.5 M echanism of crystallization

NUCLEATION

SECONDARY

PRIMARY .
(induced by crystals)

HETEROGENEOUS

(induced by foreign
particles)

HOMOGENEOUS

(sponteneous)

Fig.6 Schematic representation of classification of nucleation®

NUCLEATION:
The state of supersaturation is a crucial requirgrfar crystallization operations however, supansged solutions

are not at equilibrium. Since every system tendetach equilibrium, supersaturated solutions finallystallize.
Crystallization in the solution can be sub-dividetb two kinetic steps, the first step is a phasgasation, which is
called nucleation, and the second step is the gulesé growth of nuclei to crystals. The relatiotveen the degree
of nucleation to crystal growth helps to deterntime important product properties, such as prodaetdistribution
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and crystal size. Nucleation is strongly interrethto the width of the metastable zone or the retethility of a
systent®.

The condition of supersaturation (super -cooling)al is not sufficient cause for a system to begierystallize.
Before crystals can develop there must exists énsthlution a number of minute solid bodies, embryaglei or
seeds that act as centers of crystallization. Niicle process may occur spontaneously or it mayndaced
artificially™”.

Crystal growth

Is a diffusion process where solute molecules raaehgrowing surface by diffusion via liquid phased are
organized into space lattice. Growth rate of thesteoystals is linear with super saturation. The of deposition is
proportional to the driving force between the bafkthe liquid phase and that wetting the surfacehef crystal
which is approximately saturated with respect tgsi@ls of that size. The driving force will varydaeise of
increasing solubility for crystals with lower sizange. Crystal growth takes place in meta-stabtee ashich lies
between saturation and nucleation limits. In tkeigion the solution is supersaturated and no nucleatcurs when
crystals are growing.

l
@) @

| )
\ )
4) é
(a) Schematic representation (4*) desorption from the surface; (5) attach-
of processes involved in the crystal growth: ment to a step or edge; (6) diffusion along
(1) Transport of solute to a position near the step or edge;: (7) Incorporation into kink
the crystal surface; (2) diffusion through site or step vacancy.

boundary layer; (3) adsorption onto crys-
tal surface: (4) diffusion over the surface:

Fig.7 Schematic repr esentation of processesinvolved in the crystal growth®

I nter actions between polymersand drugs’®

Sl. Stabilized Increased
No. Polymer Drug Supersaturation | Solubility
1 Poly(acrylic acid) (PAA) Caffeine(Gift et al., @8) Yes -

2 Polyethylene oxide(PE! Griseofulvin (Chiou1977 - Yes

3 PEO- PPO- PEO Celecoxib (Guzman et al., 2007) Yes -

4 Polyvinyl alcohol (PVA) Estradiol (Megrab et @995) Yes -

5 Polyvinyl acetate phthalate (PVAP) Itraconaz@léNUnzio et al., 2008) Yes -

6 Polyvinyl pyrrolidone (PVP) Carbamazepine (Gifag, 2008) Yes -

7 Cellulose acetate phthalate (CAP) ItraconazolB{Bzio et al., 2008) Yes -

8 Methyl cellulose (MC) ggg(r)c))cortlsone acetate (Raghavan et Aal., Yes )

9 Hydroxy propy! cellulose (HPC) Celecoxib (Guzneml., 2007) - Yes
10 Hydroxy propyl methyl cellulose (HPMC) Acetazoide (Loftsson et al., 1996) - Yes
11 Hydroxy propyl methyl cellulose phthalate (HPMCP Albendazole (Kohri et al., 1992) Yes -
12 Hydroxy propyl methyl cellulose acetate succinatEelodipine (Kono et al., 2008, Alonzo et ., Yes )

(HPMCAS) 2010)
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Recent data on the interaction between polymeric precipitation inhibitors and Danazol®.

Tab.1 Structure and physical properties of danazol

Maolecutar struciure H /
Q =

X

) .
O S

S

Maolecular welght 337.5e/maol
Solublllty (25°C)
Waler (.58 pg/mlL (Erlich et al., 1999)
| pg/mL (Alsen et al., 2007)
Propyléne giveol 9.06 mg/ mlL (Alsenz e al,, 2007)
108 mg/ml (Erllch et al., 1999)
LogP 3.927 (Alsenz ot al., 2007)

4.2 (Clarvsse ef al., 2004)
4.53 (Bakatselou et al., 1991

EXPERIMENTAL SECTION

The following polymers were obtained from Sigma rdtl Pty Ltd., Australia: HPMCAS HF, HPMC K4M,
cellulose acetate phthalate, Eudragit. Danazol wgsplied by Sterling Pharmaceuticals (Sydney, Alisiy.
Analytical grade sodium dihydrogen phosphate, disachydrogen phosphate, and sodium chloride weee tfer
the aqueous phase buffer. Propylene glycol wasreatdrom Merck Pty Ltd., Australfa

Turbidity M easurement:

The aqueous phase was buffered to pH 6.5, usingM&8aH2P0O4 and 12 mM Na2HPO4 as the pH buffer, and
adjusted to an ionic strength of 0.152 M using 98 MaCl. These were same buffer conditions usedipusly for
simulated endogenous intestinal fluid (Kossend.e2@04). The co-solvent phase was propylene ¢lgontaining

1 mg/cm3 of danazol. Three hundred microlitershef to-solvent containing drug were thoroughly mike@000
uL of aqueous phase (producing a degree of supeasiatu of ~150). Four 30Q.L samples of this dispersion were
pipetted into individual wells of a 96-well micrgpé, which was introduced into nephelometer. THaydeetween
mixing of the solution and the first nephelometezasurement was recorded (within the region of 3G}68lanks
were also run in parallel, consisting of propylaggcol, without the dissolved danazol, mixed witte taqueous
phase. All measurements were performed at 20°C p&haner concentrations within the aqueous phastedevere
0.001% and 0.1% w/v. This range was selected baiselde approximate physiological concentration .08 w/v
obtained when a 1 g tablet/liquid capsule contairif w/w polymer is dispersed within 250 mL aguephase in
the stomach. The drug precipitation was monitorethgs a NEPHELOstar Galaxy (BMG Labtechnologies)
microplate nephelometer by measuring the turbidftyhe solutions, with & = 635 nm laser. The nephelometer
program settings used were: gain = 70, cycle tin3® s, measurement time per well = 0.30 s, positgpdelay 0.5

s; orbital shaking was employed with a width of ghrfor 5 s at the end of each cycle. The 96-micrbpkites
made from polystyrene with flat-bottomed wells (NONwere used
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Precipitation data:

. S R T D S B -~ w—
800 . iy
8000 Typo B3 N SOy S M e e
A~y
700 7000 4 +
I p—
I gt
N |
600 6000 i i Type B1 :
7
500 5000 i r
- Type A c !
- g 3 NP Lot & 4000 /
%0 3000 [
/
Type A2 '
200 e 2000 + | I'd Typo B2
1 e
] vy
100 1000 7
O%- -+ vt v vty + -~ — 0+~ Y S D S S " —
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
t(s) t(s)

Fig.A) Al-0.1% w/v HPMCASHF and A2-0.01% w/v HPM C K4M B) B1 - 0.001% w/v,B2 - 0.001% w/v cellulose acetate phthalate
and B3 - 0.001% w/v Eudragit L 100-55

RESULTS

All polymers exhibited a log phase in the precifita process at 0.00 % w/v and a significant deszeaf the
precipitation rate at all stages. When the conegintr of polymer was increased to 0.1% w/v the ipitation was
slowed down significantfy

CONCLUSION

Drug candidate with low aqueous solubility poseoammon product of drug discovery programs. As suclgd
delivery technologies that can be utilized to suppbe confident development and marketing of ppavhter

soluble molecules. In the current review, we hattenapted to pull together the known literature digseg the

interaction of drug molecule with polymers thatdea a stabilization of supersaturation and a rédndn drug

precipitation from supersaturated solutidn

The current working hypothesis that support theafgmlymeric precipitation inhibitors is that dregpersaturation
is stabilized by the presence of drug-polymer itdons and a decrease in the relative capacifies series of
polymeric materials to impede the progress of dalhpezecipitation from a supersaturated solutioningghis data
we propose a number of different modes of drugipitation and the potential impact of polymeric @mtation
inhibitors and identify a group of superiorpolynteprecipitation inhibitors, which are predominategllulose
based. However lack of data and the complexityhef &l environment have preclude definition of thattabutes
beyond a limited number of specific examples. Mibetailed studies are required to elucidate thesghamgsms in
detail, in an effort to define the relationshipsvmen drugs and polymers that control stabilization
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