December 2009

Trade Science Ine.

Volume 5 I'ssue (1-2)

Macromolecules

A Tndéian Yournal

— Ful] Paper

MMAIJ, 5(1-2), 2009[1-8]

Ketoconazole binary and ternary solid dispersionsin
different macromolecular matrices

M ohamed Abbas | brahim

Dr Walid Kayyali Chair for Phar maceutical I ndustries, Department of Phar maceutics, Faculty of Phar macy,
King Saud Univer sity, Riyadh 11451, (KINGDOM OF SAUDI ARABIA)

E-mail : abbma71@gmail.com

Received: 14" June, 2009 ; Accepted: 24" June, 2009

ABSTRACT

The objective of this study was to enhance the dissol ution of K etoconazol e-
an imidazole antifungal agent- by solid dispersions consisting of the drug, a
polymeric carrier, and a surfactant. Binary and ternary solid dispersions of
K etoconazol e were prepared with polyvinyl pyrrolidone (PV P 40000) or PEG
6000 and a non-ionic surfactant (Brij 35) using coevaporation technique.
Preliminarily, the micellar solubilization of Ketoconazol e was studied in aque-
ous solutions of 0.1 t01% of nonionic surfactantsat 37 °C. It wasfound that
Brij 35 exhibited a higher solubilizing capacity on the drug than Tween 80
and Myrj-52 and the drug exhibited a higher distribution coefficient be-
tween Brij 35 micelles. A higher dissolution rate of Ketoconazole was ob-
tained when the drug was present in the form of solid dispersion. In addi-
tion, increasing the polymer concentration in the binary systems was ac-
companied by an increase in the drug dissolution rate in terms of dissolu-
tion efficiency (DE, ) and relative dissolution rate (RDR, ) after 30 minutes.
The addition of Brij 35 to the carrier matrix led to avast improvement of the
dissolution characteristics. The powder x-ray diffraction and differential
scanning calorimetry of binary K etoconazole-PVP(1:1and 1: 5) and Ternary
K etoconazole-PVP-Brij (1:1:0.5) solid dispersionsindicated absence of drug
crystallineform. © 2009 Trade Sciencelnc. - INDIA
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INTRODUCTION

In order to ensure the optimum therapeutic effect
of adrug, itisnecessary to preparethe proper dosage
form for targeted and timerel ease. A large percentage
of potential drug candidates suffer from low agueous
solubility and/or low dissolution rate. Amidon et a .1
classified such drugsinthe Biopharmaceutica Classifi-
cation System (BCS) asclass || compounds. Thefor-
mulation of solid dispersionsof BCSI11 compoundsei-

ther by coprecipitation of drug and carrier fromacom-
mon solvent or by co-melting and quench coolingisa
popular strategy to reduce the drug particle size and
henceincreasethedissolutionrate.?

The enhancement of the drug dosageform formu-
|ation isconnected with theapplication of auxiliary sub-
stancesor with new technologica possibilities®. Solid
dispersonsinwater-solublecarriershaveattracted con-
Siderableinterest asameansof improving the dissolu-
tionrate, and hence possibly bioavailability, of arange
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of hydrophobic drugs®. Hydrophilic polymers have
been commonly used ascarriersfor preparingsolid dis-
persions. Among them, Polyvinylpyrrolidone(PVP) and
Polyethyleneglycol (PEG) werewidely employed for
their high agueous solubility, high physiological toler-
ance, and low toxicity™.

In recent years, theinterest inincorporating asur-
face-active carrier into solid dispersion systemsin-
creased greatly and ahigh improvement in drug disso-
lution wasreported®7. It wasreported that asolid dis-
personinamixtureof polyethyleneglycol and polysor-
bate 80 could improvethedissolution rate and enhance
thebioavailability of LAB687, apoorly water-soluble
drug®. Okonogi et a.[% incorporated polysorbate 80
into thebinary solid dispersion of ofloxacinwith poly-
ethyleneglycol of different molecular weightssystems.
They found that adecreased crystallinity of the solid
dispersionsobtained revealed that aportion of thedrug
wasin anamorphous stateto which the enhanced drug
dissolution rate wasattributed. Furthermore, §okvist
et al.[*% prepared ternary solid dispersion systemsby
incorporating sodium dodecyl sulphate (SDS) in griseof-
ulvin-PEG 3000 binary solid disperson. Duetothein-
corporation of surfactant, the dissolution rate of
grisefulvin wasfaster than the dispersion without SDS.
Moreover, Solid dispersionsof griseofulvin werepre-
pared by the melting method with polyethyleneglycols
(PEGs) of molecular weights 3000, 6000 and 20 000
ascarriers, with or without theincorporation of thean-
ionic surfactant sodium dodecyl sulphate (SDS)!*Y.
When SDSwasincorporated in the polyethylene gly-
cals, thesolid solubility of griseofulvinincreasedto 40%
wi/w in PEG 6000 and to 25% w/w in PEG 3000 and
PEG 20 000.

Ketoconazole(KET) isanimidazoleantifungd agent
suitablefor thetreatment of candidiasisand other sys-
temicfungd infections. Themgor drawbeack inthethera:
peutic application and efficacy of KET asoral dosage
formsisitsvery low aqueous solubility because of its
hydrophobic structuré*?. Thedissolution of KET was
enhanced by solid dispersionin different carriers. The
dissolution rate of ketoconazoleincreased when solu-
bilizing excipients were incorporated into the PEG
6000-based solid dispersionsg*™. When hydrophilicand
lipophilic excipientswere combined and incorporated
into PEG solid dispersons, aremarkabl e enhancement
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of the dissolution rate was observed. Anincreasein
poor buffer pH 5 and 6 solubility of ketoconazolewas
studied. Two systems were used: binary complexes
prepared with B-cyclodextrin and multicomponent sys-
tems (B-cyclodextrin and an acid compound) obtained
by spray-dryingi*¥. The solubility of ketoconazolein-
creased significantly with the cyclodextrin complexes.
However, enhancement was better from the multicom-
ponent systems.

Theobjective of thisstudy wasto enhancethedis-
solution of Ketoconazole by dispersing thedruginthe
matricesof hydrophilic polymers, PV P40000 and PEG
4000. In addition, theresearch aimed at preparing ter-
nary solid dispersions of the drug with the aforemen-
tioned polymerswith the addition of anon-ionic sur-
factant so asto study the effect of incorporating surfac-
tant onthe physicochemical propertiesof the prepared
soliddispersions.

MATERIALS

Ketoconazole (KET) waskindly supplied by Egyp-
tian International Pharmaceutical Industries Co.
(E.I.RI.Co.), Egypt. Polyvinyl Pyrrolidones. PVP
40000, Sigmachemicd Co., USA. Polyethyleneglycol
6000 was purchased from FlukaChemica, Buch, Swit-
zerland. Dicholromethane (DCM), Potassium
Dihydrogen Orthophosphate, Disodium Hydrogen Or-
thophosphate and absol ue ethanol (95%) were pur-
chased from El-Nasr Pharmaceutical Co., Egypt.
Polyoxyethylene (20) sorbitan monool eate (Tween 80)
was purchased from BDH chemical Itd. Co., Poole,
England. Polyoxyethylene (40) stearate (Myrj52) and
Polyoxyethylene (23) lauryl ether (Brij 35) were pur-
chased from Sigmachemica Co., USA. Other materi-
asand solventsare of reagent or analytical grade, and
they were used without further purification.

EXPERIMENTAL

Solubility studies

Threenon-ionic surfactantswere studied for their
solubilizing actionson KET, namely, Tween 80, Myrj52
and Brij35. For each surfactant, aqueous sol utions con-
taining different surfactant concentrations (0.25, 0.5and

Au Tudian Yourual



MMAIJ, 5(1-2) December 2009

Mohamed Abbas Ibrahim 3

1%w/w) were prepared. Excess KET powder was
added to screw capped bottlescontaining 10 ml of each
surfactant concentration. The bottleswereshakenina
water bath (Shaking water bath, thermostaticaly con-
trolled, BF21 (SBS Instruments, Germany) at 37°C
until equilibriumwasreached (24 hr). The content of
each bottle wasfiltered (0.22 pm pore size) and the
concentration of KET inthefiltered solutionswas mea-
sured by UV spectrophotometry at 225 nm against a
suitable blank (Double beam Spectrophotometer UV.
1601, Shimadzu Co., Japan).

Preparation of KET-polymer binary and ternary
solid dispersions

Co-evaporation technique was employed to
prepare coprecipitates of KET with PVP 40000 and
PEG 6000 binary systemsor ternary systemswith the
surfactant. Briefly, thewe ghed amounts of KET and
the polymer -with or without the surfactant- weredis-
solved in 50 ml of dichloromethane. The solutionwas
stirred at room temperature for 20 minutes, and the
solvent was then removed under vacuum in arotary
evaporator, at amaximum temperature of 40°C. Solid
resduewasdried in adesiccator for 24 h at room tem-
perature, pulverized and sieved (Sieve shaker, Rx-86-
1, Cole-Parmer Instrument Co., USA). Powder
samples below 420 um (40 mesh) were stored in
closed containersaway fromthelight and humidity
pending theinvestigations.

Dissolution studies

Thedrug dissolution experimentson KET binary
and ternary systemswere carried out by the rotating
paddle method (Dissolution test apparatus, SR11 6
Flask, Hanson Co., USA). Detailsof theexperimentin
triplicateare provided € sewhere. Theexperimentswere
carried out at 37°C and the dissolution medium was
500 mL of phosphate buffer saline (PBS, pH 7.4).

The coevaporate powder was spread over the sur-
faceof thedissolutionliquid. At pre-set intervds, samples
of 5 ml werewithdrawn and filtered. The samplewas
diluted to asuitablevolumewith thebuffer solutionand
theabsorbancewas measured at 225 nm. Equd volume
of fresh dissolution medium, prewarmed at 37°C, was
replaced into the dissol ution medium so asto keep the
volumeof thedissolution medium congtant.

—== Fy /| Poper

Dissolution efficiency (DE) wasca culated fromthe
areaunder thedissolution curveat timet (measured
using thetrapezoidal rule) and expressed as percent-
age of the area of the rectangle described by 100%
dissolutioninthesametime®, Also, Therdativedis-
solutionrate(RDR, ) dataof thedifferent sampleswere
cd cul ated by determining theamount of KET dissolved
fromaparticular sampleand normdizingfor theamount
of drug dissolved from puredrug sampleover thesame
timeinterva (30 minutes).

Differential scanningcalorimetry (DSC)

DSC scanswererecorded for KET binary and ter-
nary systems compared to that of the individual
componenetsin order to determinethe extent of crys-
talinity of thedrugin presence of the studied polymers.

Samples of about 5 mg wereaccurately weighed
and encgpsulated i ntoflat-bottomed a uminum panswith
crimped-onlids. A scanningrateof 10°C/minfrom 30°C
t0 200°C wasused in presence of nitrogen at flow rate
of 40 ml/min (T.A. 501 Differentia scanning calorim-
eter, DSC, Shimadzu Co., Japan).

Powder X-ray diffraction (PXRD)

The X-ray diffractogramswere obtai ned using Jeol
XR Diffractometer (Jeol, Tokyo, Jgpan). Theradiation
sourcewasacopper (A=1.54184 A) high-intensity x-
ray tube operated at 35 KV and acurrent of 15 mA.
Thediffraction patternswere achieved using continu-
ous scan modewith 26 values ranging from 4-100 at a
rate of 4 degrees/minute.

RESULTS

Effect of different non-ionic surfactantson KET
aqueous solubility

Thesolubilization of KET indifferent non-ionic
surfactant solutionsat 37°CisshowninTABLE 1. The
tested non-ionic surfactantswere used abovether re-
spectivecritica micelle concentrations(CMC). The
solubility of the drug in the non-ionic surfactant
solutions was increased linearly by increasing the
surfactant concentrations.

Thedigtribution coefficient (Km) of KET whichwas
expressed by theratio of the solubilized drug in the
micelleof surfactant solutiontothat presentintheaque-
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ous phase®® islisted in TABLE 1. Thereis a good
relationship between the solubility of theKET and the
Kmvaue, inthemanner of thehigher theincorporation
of thedrug withinthesurfactant micelle, thehigher will
beitssolubility and higher itsKmvalue. Thus, theorder
of theKmvaueswasthesameorder of thesolubilizing
efficienciesof theinvestigated nonionic surfactants. In
addition, isthesolubilizing cgpacity of themicellescould
be calcul ated from the slope resulting from a pl ot of
total molar solubility of thedruginthemicelar solution
versusthemolar concentration of themice €7,
Onthesolubilization of KET insolutions of these
surfactants, it wasfound that Brij 35wasmoreefficient
asasolubilizer than the other tested surfactants. Inad-
dition, itwasfoundthat Brij 35 exhibited ahigher solu-
bilizing capacity onthe drug than Tween 80 and Myrj-
52 and the drug exhibited ahigher distribution coeffi-
cient between Brij 35 micelles, TABLE 1. Therefore,
Brij-35 waschosen to beincorporated into the ternary
solid dispersionsof KET inthe polymeric matrices.

80 -
60

40 A

—e— KET alone

—a— KET-PVP 1:1 Coppt
20 1 —a— KET+PVP 1:3 Coppt
—o— KET-PVP 1:5 Coppt

% KET Released

0 20 4‘0 E;O 8‘0 1(;0 1‘20
Time (min)

Figurel: Dissolution profileof ketoconazoleand itsbinary

solid disper sionswith PV P 40000.

TABLE 1: Solubilizing capacity of different surfactantsand
the distribution coefficient of ketoconazole between the
micellar and aqueous phases

Surfactant Solubilizing Capacity Distribution Coefficient

(Km Swx 10° (Km) (MM x 10°
Myrj 52 150.48 267.79
Tween 80 261.56 33458
Brij 35 289.20 353.17

Dissolution studies
KET-PVP40000 binary systems
Thebinary soliddispersonsof KET indifferent poly-

mersweretested in preliminary experimentsaimed at
choosing asuitable carrier. Thedissolution profiles of
KET varied dependingontheratio of KET tothedis-
persing polyme.

A higher dissolutionrateof KET wasobtained when
thedrug waspresent intheform of solid dispersionin
the PV P matrices, dthough theamount of thedrug dis-
solved depended considerably on the concentration of
carrier. Figure 1 displaysthedissolution profileof KET
fromits-PVPsolid dispersionsat different drug: poly-
mersratios. Increasing the polymer concentrationin
these binary systemswas accompanied by anincrease
inthedissolutiondrug rate. Intermsof dissol ution effi-
ciency after 30 minutes (DE, ), thevalueswere 16.21,
22.37 and 27.94 for 1:1, 1:3and 1: 5 KET-PVPra
tios, respectively, comparedto 2.97 for theorigina KET,
TABLE 2. In addition and therelativedissolution rates
a 30 minutes (RDR, ) from such binary systemswere
5.26, 6.29 and 8.63, respectively.

TABLE 2: Dissolution efficiency at 30 minutes(DE ,,, ) and
relative dissolution rate at 30 minutes (RDR ,) of
ketoconazolefromits-PVPbinary and ternary systems.

System DE 300 RDR 3

KET aone 297 -
KET-PVP 40000 Binary Systems

KET: PVP(1:1) 16.21 5.26
KET: PVP(1:3) 22.37 6.29
KET: PVP(1:5) 27.94 8.63
KZ-PVP 40000 Ternary Systems

KET: PVP: Brij 35 (1:1: 0.1) 22.34 6.54
KET: PVP: Brij 35(1:1: 0.2) 26.25 8.81
KET: PVP: Brij 35 (1:1: 0.5) 28.28 9.22
KET-PEG 6000 Binary Systems

KET: PEG (1:1) 3.09 1.03
KET: PEG (1:3) 4.60 1.45
KET: PEG (1:5) 11.56 3.60
KET-PEG 6000 Ternary Systems

KET: PEG: Brij 35(1:1: 0.1) 5.29 1.96
KET: PEG: Brij 35(1:1: 0.2) 6.65 2.34
KET: PEG: Brij 35(1:1: 0.5) 8.32 345

K ET-PVP40000ter nary systems

The comparison made between the binary KET/
PVP (1: 1) solid dispersion with the ternary solid
dispersions showed that addition of Brij 35 to the
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carrier matrix led to avast improvement of the dissolu-
tion characteristics, Figure2. The DE, vauesof KET-
PV P-Brij35 ternary systems have beenimproved to
be 22.34, 26.25 and 28.28 for KET-PVP-Brij 1: 1:
0.1,1:1:0.2and 1: 1: 0.5, respectively, compared to
DE,, vadueof 16.21 for KET-PVP 1.1 binary system,
TABLE2.

80 4

60 -

40 +
—e— KET alone

—=— KET-PVP 1:1 Copp
—a— KET-PVP: Brij 35 1:1:0.1
—o— KET-PVP: Brij 35 1:1:0.2

—8— KET-PVP: Brij 35 1:1:0.5
. ---—e

% KET Released

20 4

T T T T T |
0 20 40 60 80 100 120
Time (min)

Figure 2 : Dissolution profile of ketoconazole and its
ternary solid disper sionswith PVP 40000 and Brij 35.

KET-PEG 6000 binary systems

Thedissolution profilesof KET fromits-PEG 6000
binary solid dispersionscompared to theuntrested drug
areshowninFigure3. Itisclearly evident that PEG did
not improvethedissolutionrateof thedrugasPVPdid.
Thiscould beseenfromthelower DE, vauesof KET-
PEG binary solid dispersions (3.09, 4.6 and 11.65 for
1:1, 1: 3and 1: Shinary systems, respectively, TABLE
2). However, theresultsreferred to aslight enhance-
ment of the drug dissol ution by increasing the polymer
concentration, especially with adrug: polymer ratio 1:
5.

40

% KET Released
N w
o o

=
o
L

—e— KET alone

—&— KET-PEG 6000 1:1coppt

—a— KET-PEG 6000 1:3 coppt

—0— KET-PEG 6000 1:5 coppt
T

0

0 20 40 60 80 100 120
Time (min)

Figure 3: Dissolution profileof ketoconazoleand itsbinary

solid dispersionswith PEG 6000.
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KET-PEG 6000 ternary systems

Theincorporation of Brij-35into KET-PEG 6000
binary systemsdid not remarkably enhancethedrug
dissolutionrate. The RDR,, recorded for KET-PEG-
Brij ternary systemsat 1: 1: 0.1, 1: 1: 0.2and 1: 1: 0.5
were 1.96, 2.34 and 3.45, respectively, TABLE 2 and
Figure4.
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—o— KET-PEG-Brij 35 1:1:0.2
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Figure 4 : Dissolution profile of ketoconazole and its

ternary solid disper sonswith PEG 6000 and Brij 35.

Differential scanningcalorimerty

According to the dissolution rate studies, the best
results were obtained with 1:5 molar ratio of drug:
polymer, prepared by the solvent method for binary
solid dispersions. In addition, theratio 1: 1: 0.5 of
ternary solid dispersionsexhibited the highest disso-
lution rates. For thisreason XRD and DSC studies
were conducted. Thethermal behavior of pure com-
ponents and of some selected drug-PV P dispersed
mixtures are depictedin Figure 5. DSC curve of the
pure drug showed asharp endothermic peak at 150°C
that indicated the crystalline anhydrous state of KET.
In contrast, thelarge endotherm over thetemperature
range 50 to 100 °C associated with water [oss, shown
by PVP K-30 was typical of amorphous hydrated
substance*d.

Thetherma behavior of KET-PVPbinary systems
demongtrated the presence of intense solid state changes
of thedrugin the polymer matrices. Infact, themeting
endotherm of KET fully disappearedinratiosof 1:1
and 1:5, Figure 5A, revealing total drug
amorphization*¥. The amorphizing power of PVP
toward the drug was a so confirmed from the results of
XRD andyss. Smilarly, theDSC tracing of KET-PVP-

—r—,  \lBCromolecules
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Brij 35 (1:1:0.5) ternary system showed complete
disappearance of thedrug melting endotherm confirm-

KET

~ — B \/ PVP40000

KET-PVP(1:1) binary solid dispersion

KET-PYP(1:5) binary solid dispersion

| U RN S P Th L S RS S MRS S TR [ R L
20 40 60 80 100 120 140 160 180

Temperature °C

Figure5A : DSC curvesof ketoconazoleand binary systems
with PVP 40000.

Thethermograms of the PEG-based binary solid
dispersions showed the characteristic peak of the
carrier matrix around 60°C. The characteristic endot-
hermic peak of thedrug appeared at itsoriginal posi-
tion, but reduced inintensity, shifted to lower tempera-

PEG 6000

KET-PEGE000(1:1) binary solid dispersion

KET

KET-PEGS000(1:5) binary solid dispersion

T T T T T T T T
20 40 60 80 100 120 140 160 180
Temperature °C

Figure6A: DSC curvesof ketoconazoleand binary systems
with PEG 6000.

Powder X-ray diffraction (PXRD)

The powder XRD patternsof KET binary (1: 5)
andternary (1: 1: 0.5) solid dispersonswith PvVP40000
and Brij 35 are shown in Figure 7A and B, respec-
tively. Intact KET exhibited theinternd crystalinechar-
acteristicsand showed identical sharp XRD peaksat
various 26, while PVP and Brij 35 do not show any
characteristic peakswithin the observed range of (20).
The XRD peaksof intact KET crystalswere observed
a thesame 20 values in both binary and ternary physi-
cd mixtures. Thisindicatedthat thecrystdlinity of KET
did not changeinthephysical mixtures.

Thediffractogram of KET-PVP(1: 5) solid dis-
persionismorelikethat of PV P indicating absence

ingthetransformation of KET to anamorphousformin
theternary system, Figure 5B.

KET

\_/'—*'——; \/ PVP40000

KET-PVP({1:1) binary solid dispersion
e e ——— —
KET-PVP-Briji1:1:0.5) ternary solid dispersicn

- e

L A T . AL L S L B L
20 40 60 80 100 120 140 160 180

Temperature "C

Figure 5B: DSC curves of ketoconazole and binary and
ternary systemswith PVP 40000 and Brij 35.

turesand lost its sharpened distinct appearancein case
of KET-PEG 6000 (1:1) binary solid dispersion,
Figure 6A. Ontheother hand, the exothermic peak of
the drug completely disappeared at adrug: polymer

ratio 1: 5, Figure 6A.
\/‘ PEG 6000

\/ KET-PEGE000(1:1) binary solid dispersion

KET

q[r KET-PEG-Brij {1:1:0.5) temary solid dispersion
\/\ /—— = el

T T T » T
20 40 60 80 100 120 140 160 180
Temperature °C

Figure6B : DSC curvesof K etoconazoleand binary and Ter-
nary systemswith PEG 6000 and Brij 35.

of thedrug crystallineform. The PXRD resultsare
well correlated with the DSC data, Figure 7A. Also,
the x-ray diffraction spectraof KET-PV P-Brij35 (1:
1: 0.5) solid dispersion system compared to the cor-
responding physical mixtureisshowninFigure 7B.
The characteristic diffraction peaks of thedrug com-
pletely disappeared in such ternary solid dispersion
compared to that in case of the corresponding physi-
ca mixture.

The powder XRD patterns of PEG-based binary
andternary solid dispersion systemsat adrug: polymer
ratio 1. 5and drug: polymer: brij ratio of 1. 1: 0.5 com-
pared to the physica mixtures of the samecomposition
areillustratedin Figure 8A and B. PEG 6000 revealed

Macromolecules
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two distinct peaksat 19 and 23 20, characteristic of its
crystallinity®??, The X-ray diffractometry of thebinary
and ternary solid dispersionsand physical mixtures of

KET-FVP (1:5) binary solid dispersion

KET-PVF (1:5) binary Physical mixturs
A AN emrcosmy e
faia
|

- i . “l"‘-\(-‘\r‘ PVP 40000

T e e A e Pt o\ b s f ettt
1
b LT 1: - KET
L b S L Y W v n A

R . I L

; 1I2 1I6 2.0 2'4 2.8 3'2 3'9 4l0 4I4 4I8 5'2 SIS GID 6.4 6'8
Figure 7A : PXRD spectra of ketoconazole and binary
systemswith PV P 40000.

-
A r |
A SRS LA I\ KET-PEG 6000 1:5 binary solid dispersion
' ‘ n !
M
ool ] L_J _,..' - KET-PEG 8000 15 binary physical mixture
|
| | PEG 8000
— AN ] A Pl =5 -
y
" Y LT KET
PRSI T TN s i i oo instirsss
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KET-PEG and KET-PEG-Brij are gpproximately the
superposition of the patternsof theraw materids.

KET-PVP-Brij 35 (1:1:0.5) temary solid dispersion

AN e

KET-PVP-Brij 35 (1:1:0.5) ternary physical mixture
B .

PVP 40000

Brij-35

/
| it | B
SAAN, s I KET

e s T TP S st

Agrap NS
Figure 7B : PXRD spectra of ketoconazoleand binary and
ternary systemswith PVP 40000 and Brij 35.

KET-PEG B000-Brij 35 1°5 temary solid dispersion

KET-PEG 6000-Brij 35 1:5 temary physical mix
PEG 6000
Brij 35

W e KET

A e o st b e

; 1'2 ‘IFG 210 2’4 218 3'2 316 4‘0 4‘4 4Y3 5r2 E:G E‘D E:I €
Figure 8A : PXRD spectra of ketoconazole and binary
systemswith PEG 6000.

DISCUSSION

According to Chiou and Riegdman!, several fac-
torscould contributethe enhanced drug dissol ution per-
formancefrom drug-polymer dispersed mixtures. These
factorsareparticles zereduction of thedrug, improved
wettability, andlossof crystalinity occurring during the
coprecipitation are considered the principa factorsre-
sponsiblefor the enhanced dissol ution behavior of the
drug. Furthermore, according to Van den Mooter et
a .3, PVPwasfound to be effectivein prevention of
such crystallization on the condition that the drug was
formulatedin solid dispersonssincephysicd mixingwith
the polymer ledto crystdlization. They concluded there-
forethat the physical mechanism of the protectiveef-
fect of PVPinthe case of amorphousketoconazoleis

; ‘IYZ 1’6 2‘0 2’4 2’8 3'2 3‘8 ;D 4‘4 4’8 !:2 5; 6‘0 6-14 6‘!
Figure8B : PXRD spectra of ketoconazoleand binary and
ternary systemswith PEG 6000 and Brij 3

not the consequence of drug—polymer interactions, but
mainly dueto the polymer anti-plasticizing effect, thereby
increasing the viscosity of the binary system and de-
creasing thediffusion of drug moleculesnecessary to
formalattice.

When the proportion of PVP 40000 in the solid
dispersonisincreased, therateof KET dissolutionaso
increases, thegreatest va ue corresponding tothe KET
solid dispersion. Theexplanationisthat thissolid dis-
persion was ahomogeneousdispersion of thedrugin
the polymer matrix isproduced?. In addition, Van der
Wadl sinteraction forces between drug moleculesare
decreased inthesemixed crystds, and asaconsequence
thedissolution of thedrug from thissolid dispersionis
faster than from the puredrug. Moreover, Inthe case
of binary and ternary solid dispersions, theimproved
KET dissolution rate might be attri buted to the prohibi-
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tion of crystalization of thedrug caused by PVP? as
indicated from the DSC and PXRD data.

Inthelatter case, the addition of asurfactant tothe
solid dispersion during preparation will decreasethe
interfacia tension between drug particlesandthedis-
solution medium, and enhance the dissolution rate of
the drug fromtheternary system(?>2,

The previousresults showed that PEG 6000 did
not improvethedissolutionrate of KET asPVP did.
Clearly, PEG 6000 actsasadisaggregant in these sys-
tems; thedectrostatic chargesthat keep drug particles
united together are reduced and the drug can dissolve
inthedissol ution medium@.

CONCLUSION

Theincorporation of anon-ionic surfactant (Brij-
35) into thebinary solid dispersionsof KET withthe
tested polymers was found to have a pronounced
effect on enhancingtheinvitrodrugdissolutionrate. In
addition, the presence of the surfactant, in additionto
enhancing drug dissolution rate, might present an
advantage that the amounts of polymer required to
produced the desirable solid dispersion werereduced
to 20% when compared to that used in binary solid
dispersons.
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