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Abstract

Enhancement of solubility and dissolution of fluconazole

by solid dispersion technique

By Soo yong Song
Advisor: Prof. Choi Hoo—-Kyun, Ph.D.
Department of Pharmacy,

Graduate School of Chosun University

Fluconazole has been used to treat acute vaginal candidiasis, systemic
candidiasis and oral pharynx, esophagus, invasive bronchopulmonary infection
and candidiasis urine disease, hand <« nail fungus, athlete's foot (foot
ringworm). The solubility of fluconazole needs to be improved to be
efficiently usedasan antifungal agent, since it has low solubility in water.
To improve solubility of fluconazole, solid dispersion technique was used
using various polymers as carrier. The polymer used in this study include
poly ethylene glycol  (PEG 8000), polyethyleneglycol  (PEG20000),
hydroxypropy Imethylcel lulose (HPMC2910), polyvinylpyrrolidone (PVP K-30),
polyvinylpyrrolidone (PVP K-90), copovidone K-28, poloxamer 188, poloxamer407,
EUDRAGIT®S100, EUDRAGIT®EPO,EUDRAGIT®L100. The solubility of physical
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mixture and solid dispersion was measured in water, pH 1.2 phosphate buffer,
and pH 6.8 phosphate buffer. Dissolution experiments were also conducted
using same medium. The solubility test results indicated that poly ethylene
glycol (PEGB000), hydroxypropyImethylcellulose (HPMC2910), copovidone K-28,
poloxamer 188, poloxamer407 can improve the solubility of fluconazole better
than other polymers.

Result of Differential scanning calorimetry (DSC) study showed that
fluconazole was converted to amorphous form by solid dispersion. Based on
DSC analysis and solubility test results, copovidone K-28 polymer was
selected for further study. The solid dispersion of fluconazole using
copovidone K-28 (1:2) showed similar dissolution rate with that of
commercial diplucan capsule (fluconazole 50 mg).

The results of this study indicated that copovidone K-28 was the most

efficient carrier to preparesolid dispersion of fluconazole.

vi
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ESZIUES HPLC Aggy ZT2AH22Z Tris(hydroxymethy!)aminomethane
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ERIULE D polyethyleneglycol (PEGB000), polyethyleneglycol (PEG20000),
hydroxypropy Imethylcel lulose (HPMC2910), polyvinylpyrrolidone (PVP K-30),
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2. Mz & &

2.1. M
S3IULZE (IPCA - Kandivil Co-operative Industrial Estate, Kandivil
(West)= JEAUZSAAINA QoAU LCH. polyethyleneglycol (PEGB000), poly
ethyleneglycol (PEG20000), hydroxypropylmethylcellulose (HPMC2910)= SIGMA -
ALDRICH KOREA OIlM &38R, polyvinylpyrrolidone (PVP K-30), polyvinyl
pyrrolidone (PVP K-90), kollidon®VA64 (copovidone K-28), poloxamer 188
(Lutrol ®F68), poloxamer407 (Lutol ®F127)= BASF (LuD.Wigshafen,Germany)Oil A
ol SIS0 EUDRAGIT®S100, EUDRAGIT®L100 = Degussa(Germany)OllA ¢
OtRACH. EUDRAGIT ®EPO = EVONIK(Germany)IA & StACEH.
J

U

s

4

2.2.1. 2c|l&d 8= H=xZ

Polyethyleneglycol (PEGB000), polyethyleneglycol (PEG20000), hydroxyl
propylmethylcel lulose (HPMC2910), polyvinylpyrrolidone (PVP K-30), poly
vinylpyrrolidone (PVP K-90), copovidone K-28, poloxamer 188, poloxamer 407,
EUDRAGIT®S100, EUDRAGIT®EPO, EUDRAGIT®LI00 &2 Ol JHARl polymer £
JIXD E2ILENS HIES 22 111 I 1:2 2 HIE: RHE JLUSHH <ot

Ny

2.2.2. DH=4HHIQ M=

Polyethyleneglycol (PEG8000), polyethyleneglycol (PEG20000), hydroxyl
propyImethylcellulose (HPMC2910), polyvinylpyrrolidone (PVP K-30), poly
vinylpyrrolidone (PVP K-90), copovidone K-28, poloxamer 188, poloxamer 407,
EUDRAGIT®S100, EUDRAGIT®EPO, EUDRAGIT®L100 2| polymer & JHXIL

SEIZUEUS dHlegs 22 111 o, 1:2 2 HIESZ oI E0 methanol
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(99%)2 1 Al2t =Sob wetstd ZoHAlZ122 vacuum drying oven OIM SYHXE
AZACH. Vacuum drying oven &= 80 ° C 2 oIQCH. AX = 229 HIOIL 0

D.W, pH1.2, pHE.8 A= E=C4.

SSEIULE 4= HIoIZ0l D.W, pH1.2, pHE.8 S £ t =, 2122 83
BHOIZ Ol OFOUIEHIE €31 600 rpm 22 24 Al =0 Wt AIZICH &3

HIOIZ 0l U= M= centrifuge (4,000 rpm, 20min) AIZ2ICH. PVDF syringe filers,
pore_size @ 0.45um, Diameter : 13mm (Membrane-solutions, USA) £ AtE3H0]
M1t otRACH. MS A 2nmL = HE = Htst HHE IJHXLD HE=s= &6t
ot =&HotACH. 228 11 JtXI2A8ZSl D.W, pH1.2, pH6.8

(el

HPLC D212 =245t em D11 RH2SZ2=Pump (LC-20AD), auto sampler
(SIL-20A) % UV detecter (SPD-20A), oven (CT0-20A)2l HPLC (Shimadzu, Japan)
JIJIE AME0t A E0HACH. Column  (CAPCELL PAKC18, 4.6x150mm, 5um,
SHISEIDO, Japan), detecter (260 nm), column oven &&= 30 ° C2 R XIGHALCE.
OlSA2 2 : OINELIEY =75 : 25 0|04, flow rate= 1 mL / min, injection

volume 20 UL Z A& oL,

2.2.5. DSC & &

0SC Z&E4 & XI(Pyris 6 DSC, Perkin Elmer, Netherlands). 9 &di=
AE0AM =2 & PEG 8000, HPMC2910, copovidone K-28, poloxamer 188,
poloxamer 4072| 5JtXl polymer2t SFIZUEZ THE ME 2 mg=2 X2
0°COIMd 230 ° C MK Y of 10 ° C2 £&2 2&E 2 Z=F0s HY

g1 &8 g
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ERIUE Sx ANE2 =S¥ SgEsrPne DM 24H(SD)E
HHSIACH =, pH1.2, pH6.8 UM S &S M GHRULCH

DMl 24d= SRIZULSW polymer 2 1:1 b 1:2 O HIEZ S0 Y-S
AHESHH  MIZSHACE. pH1.2 OIMS Edi: AlE 20 =2® Zg2(Pne
olc= EFILED ploymer 2 1:1 HIEWAM HE X2 SHTE LEUH=
polymer 2 EUDRAGIT®EPO A2, CHE polymer = OIE0 =2 SBdEE
LIEHLHRACH. EF2LE D polymer 1:2 2 HIEWAM= 2A0A &OISH 1:1 2 HISW
22 X0IE 20lX= (XL 1:1 0lM EUDRAGIT®EPO o Edi: 2Elte &2t ¥
ZolcE &olotn MBIES= 18 mg/mL Olotel oS &QIGHACH. X
ZAA(SD)2 Bolc= EFIUED ploymer 2 HIg 1:1 ot 1:2 Soi=ot
EUDRAGIT®S100, EUDRAGIT®L100 Ol S DXl polymer UM EHEIt ¥ NS
SOl g = QURUCH. BHHN CHE HR=2 polymer Jb 16 mg/mL It = EEHCE
solstied 11 =0 HE =2 BdEE 22 polymer 2=
EZIUEW polymer 1:2 HIEL W polyethyleneglycol (PEG 8000)01 Jt&E =&
goi=2l 19 mg/mL Ol& & & IS HOEg = JA/Y2H UHHE2Z
E23ILE 0 polymer 2 HIE0l 1:1 EC 1:2 2 HIE0| S8alTot &4 & 242
ol & = URUC. [Table.2, Fig.1]

SHAMe =22d EE=S(PM) 2= =  hydroxypropylmethylcel lulose
(HPMC2910)2 MI2st 2= polymer 2 EcH=JF 10 mg/mL Ol E X AUASH

hydroxypropy Imethylcel lulose (HPMC2910)2 Z2olTs=

E2DLHE polymer

HE 1:1 20 HIS 1:2 0A oot && & XS UHEHUHAT. S Bl =2
ZolE =202l polymer 2= copovidone K-28 OIR2MH ZSFIUZED polymer 2
HIE 1:1 A 20 1:2 2 HIS0AM SOt &4 & XS HEHUHRUCH. HR=<
oIt ERIULED ploymer 2 1:1 HIEECUe= 1:2 2 HIE0l 2428 STt
ga @ N2 Ho g o QUJUCH. DHEAM(SD)E Bilt= EFRIUSW
ploymer 2| HIE 1:1 1t I EUDRAGIT®S100, EUDRAGIT®L100 Ol S JtXI
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pHE.8 OIA 2l =cIH EE=
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2
Ol & & UUCH =2 SHZE 20
(PEG20000)

Ct. [Table.3, Fig.2]
(PM)2 hydroxypropyImethylcel lulose (HPMC2910)

= polymer 2=
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polyvinylpyrrolidone (PVP K-30),
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Table 1.Model drug and polymeric carrier

Drug Polymer

PEG 8000
PEG 20000
HPMC2910
PVP K-30
PVP K-90
Fluconazole copovidone K-28

Poloxamer 188

@ Q@ @ 60 ® @ e

Poloxamer 407

EUDRAGIT®S100
EUDRAGIT®EPO
EUDRAGIT®L100

@ 6 ©

- 15 -
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Table 2. Solubility of fluconazole from physical mixture(PM) and solid
dispersion(SD)in pH1.2 buffer. (n=3)

Solubility+SD [mg/mL]

Polymer pH 1.2
PM(1:1) PM(1:2) SD(1:1) SD(1:2)

PEG 8000 17.03+£0.02 | 17.65+£0.07 | 17.32+£0.05 | 19.85%0.27

PEG 20000 17.02+£0.22 | 16.85+0.25 | 17.83+0.15 | 19.11£0.02

HPMC 2910 15.72+£0.02 | 15.32+0.05 | 17.38+0.01 | 17.81%0.01

PVP K-30 16.36+£0.03 | 16.32+0.05 | 17.94+0.06 | 17.98+0.07

PVP K-90 15.90+£0.05 | 15.53+0.02 | 16.99+0.01 | 17.41+£0.38
copovidone K-28 16.84+£0.02 | 17.42+0.12 | 17.28+0.04 | 17.72+0.06
Poloxamer 188 16.85+0.09 | 17.0+0.02 | 17.30+0.04 | 16.85+0.08
Poloxamer 407 16.85+0.19 | 17.01+£0.06 | 17.53+0.32 | 17.78+0.08
EUDRAGI T®S100 14.83+£0.02 | 14.21+£0.12 | 0.3240.00 1.2+0.00
EUDRAGI T®EPO 14.35£0.17 | 12.73+£0.04 | 17.82+0.05 | 17.98+0.04
EUDRAGI T®L 100 17.02+0.24 | 17.31£0.01 | 0.45+0.01 0.46+0.00
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Figure 1. Solubility of fluconazole from physical mixture(PM) and solid

dispersion(SD)in pH1.2 buffer. (n=3)
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Table 3. Solubility of fluconazole from physical mixture(PM) and solid

dispersion(SD)indistilled water. (n=3)

Solubility+stdev [mg/mL]

Polymer D.W
PM(1:1) PM(1:2) SD(1:1) SD(1:2)

PEG 8000 6.52+0.01 7.32£0.05 | 16.15+£0.03 | 18.21+0.01

PEG 20000 6.27+£0.03 7.12£0.06 | 16.47+£0.03 | 18.2+0.00

HPMC 2910 10.39+£0.00 | 12.61£0.01 | 16.75+£0.00 | 17.44%0.03

PVP K-30 6.30+£0.03 6.85+0.01 13.31+£0.02 | 18.31%£0.03

PVP K-90 6.15+0.07 6.66£0.00 | 12.95+£0.28 | 17.51£0.1
copovidone K-28 8.54+0.04 9.16+£0.02 | 16.46+0.01 | 17.22+0.12
Poloxamer 188 6.28+0.03 7.17+£0.02 | 16.40+0.02 | 18.22+0.01
Poloxamer 407 6.21+0.02 7.35+£0.03 | 15.94+0.02 | 17.80+0.01
EUDRAGI T®S100 5.98+0.01 5.91+0.01 0.51+0.00 0.27+0.00
EUDRAGI T®EPO 6.32+0.02 6.62+0.02 9.13+0.01 3.684+0.04
EUDRAGI T®L 100 6.51+0.02 7.21+0.01 0.344+0.00 0.14+0.00

- 18 -
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Figure 2. Solubility of fluconazole from physical mixture(PM) and solid

dispersion(SD)indistilled water. (n=3)
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Table 4. Solubility of fluconazole from physical mixture(PM) and solid

dispersion(SD)in pH 6.8 buffer. (n=3)

Solubility+stdev [mg/mL]

Polymer pH 6.8
PM(1:1) PM(1:2) SD(1:1) SD(1:2)

PEG 8000 6.67+£0.01 6.84+£0.02 | 18.63+0.04 | 18.69+0.08

PEG 20000 6.68+£0.03 6.33+£0.01 16.25+£0.03 | 18.52+0.32

HPMC 2910 9.77£0.02 | 13.53+0.03 | 18.25+0.17 | 18.27+0.21

PVP K-30 6.61£0.05 6.38+£0.03 13.35£0.2 18.1£0.10

PVP K-90 6.57+£0.01 6.09+0.01 11.26+£0.22 | 18.06%£0.55
copovidone K-28 8.76+£0.06 | 10.94+0.01 | 17.93£0.13 | 18.50+0.05
Poloxamer 188 6.69+0.01 6.49+0.03 | 18.44+0.11 | 18.46+0.35
Poloxamer 407 6.82+0.00 6.73+£0.03 | 15.15+0.25 | 18.83%0.00
EUDRAGI T®S100 7.76+0.01 5.67+£0.05 | 17.76+0.27 | 8.44+0.54
EUDRAGI T®EPO 6.43+0.02 5.66+0.01 9.82+0.11 9.16+0.16
EUDRAGI T®L 100 6.42+0.02 6.64+0.02 7.94+0.16 2.32+0.02
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Figure 3. Solubility of fluconazole from physical mixture(PM) and solid

dispersion(SD)in pH 6.8 buffer. (n=3)
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Figure 4. DSC thermograms of fluconazole physical mixture (PM) and solid
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Figure 5. Dissolutionprofiles of fluconazolesolid dispersion (SD) prepared by
solvent method using various ratios of fluconazole/copovidone K-
28at pH1.2 (50rpm, Mean=+SD,n=6).
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Figure 6. Dissolutionprofiles of fluconazolesolid dispersion (SD) prepared by
solvent method using various ratios of fluconazole/copovidone K-

28in distilled water (50rpm, Mean=+SD,n=6).
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Figure 7. Dissolutionprofiles of fluconazolesolid dispersion (SD) prepared by
solvent method using various ratios of fluconazole/copovidone K-

28at pH6.8 (50rpm, Mean+SD,n=6).
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