Korean Society for Biotechnology and Bioengineering Journal 26: 217-222 (2011)

O|ES}IYE ulo] AR AEA L] FE WG A2 AlZ,

54 298 97
293, ol%3}, 283, ojAY*

The Microsponge Delivery System of Itraconazole: Preparation,
Characterization and Release Studies

Young Ho Cho, Jong Hwa Lee', Hak Hyung Kim, and Gye Won Lee*

e 20119 39 28 / AAIERL: 20116 59 24

© 2011 The Korean Society for Biotechnology and Bioengineering

Abstract: Itraconazole is a triazole antifungal agent to inhibit
most fungal pathogens. To improve the oral absorption and
dissolution of poorly water-soluble itraconazole, microsponge
system composed of Eudragit® E100 and polyvinyl alcohol
(PVA) formulated by quasi-emulsion solvent diffusion method,
and its physicochemical properties and pharmacokinetic
parameters of itraconazole were studied. The microsponge of
itraconazole were discrete free flowing microsized particles
with perforated orange peel like morphology as visualized
by scanning clectron microscope (SEM). Results showed that
the drug loading efficiency, production yield, and particie size
of itraconazole microsponge were affected by drug to polymer
ratio, the volume of internal phase containing methylene
chloride, stirring rate and the concentration of PVA used. Also,
the results showed that the dissolution rate of itraconazole
from the microsponges was affected by drug to polymer
ratio. In other words, the release rate of itraconazole from
micropsonges was increased from at least 27.43% to 64.72%
after 2 h. The kinetics of dissolution mechanism showed that
the dissolution data followed Korsmeyer-Peppas model.
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Therefore, these results suggest that microsponge system can
be useful for the oral delivery of itraconazole by manipulating
the release profile.
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A|Z=Elo|t} [3]. o] A2 AASA 02 HEE = acrylic
resins®| B0 1L, Y2 2 F5A Saflof st 43
4 22 AL 7 3o modified release dosage form=
7geh=t ol AREEHIX L Ut [4,5].
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wepr 2 Aol olEgtauE S sk volaR
AEAE Axse] ke ZEM ] vlE, W £ule <,
WREEE O AR {349 S5, A7) ule] A= AEXR]
o MR FF 2 85 AP S Falo] §E80] /R
MzE BTHFAAAZE] 7FsA S Lok At sl

2.4 29y
2.1.7]7] @ Xo}

Aleko #i= o|EZ}FUE: (Itraconazole) 37 il (Seoul,
Korea)2%E], Eudragit® E 100 Degussa GmbH (Dusseldorf,
Germany)°lX, Z2|H|HLT-E (M.W = 30,000~50,000)>
th&tatsl (Wonju, Korea) oA 2+t g3wbo} ARE3I3ITL
oL 99 Aok B B i Aok AMgalon,
SHFE aquaMAX® (Y oung Lin Instrument Co., Anyang,
Korea)oAl 18 MQ-cmZ E3A)71 A& ALg313ic).

7171%= Sonicator (453D-28HBN, Kodo Technical Research
Co., Hwaseong, Korea), Mechanical stirrer (MS280A, TOPS,
Seoul, Korea), Scanning electron microscope (S-3000N,
Hitachi Co., Hitachi, Japan), HPLC (SCL-10AVP, SPD10A,
LCI0ATVP, Shimazu Co., Kyoto, Japan) & -82A137] (J-IW8,
JISICO, Hwaseong, Korea)E AR-31310}

PVA

Eudragit® E 100
+ +
Distilled water

Methylene chloride

| < Sonication for 5 min
[ Add Itraconazole I

Add slowly inner phase
] < Stirring at 2000 rpm for 8 hrs
| The diffusion of organic solvent

[

I Solidification |
l

| Filtration ]
I

| Dry at room temperature for 24 hrs I

[ Drug loaded microsponge |

Fig. 1. Preparation procedure of itraconazole microsponges by
quasi-emulsion solvent diffusion method.
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Fig. 2. The scanning electron microscopic images of itraconazole microsponges with different ratios of drug to polymer (a) 1 : 1;(b)3 ' 1;

©5'L(d7:1;(e)l0:Tand (D 15:1.
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B3 o] Enta kS vjo]| AR AEA ZHE OlEE}ﬂ%
< %% HFPES AES] flale] o 4% vzhls o
ol Wol AM-El= 4714 29 (Zero order kmetxc Higuchi
matrix model, Hixson-Crowell Cube root law %! Korsmeyer-
Peppas model)= 0]%0}01] k2] 82 profileZHE 25
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Zero order kinetics: my~ m = k, X t
Higuchi model: m,— m = k,;,x ¢/
Hixson-Crowell Cube root law: m}*— m'?
Kormeyer-Peppas model: m,/m,, = kt"

= kg Xt

m,: 2R 2] % (mg).
m: YN T SEHA] L o2 ) T (mg).
mg AlZFtell A BEE oFE9] oF (mg).
me,: matrix ] 750 Q= oFE-2 oF (mg).

n: k= W S 3E440] Q1= exponent.
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3.1. o3 B AZA L] A2

ol FUE vlo] ARAER| ] 557} F2F Tof| n|X=
ofe} 71A QIxke) AFE [11,12] é}(ﬂo}ﬂ ffslo] o] Edtal
WSS 2 go® 1Ak ofe] 714 QIAHE WEAZIHEA

H}O]ﬂéix]% Az

1,3:1,5:01,7:1,10:01 1&,%&}94%%100,
200 4 300 mLE, W] f7180 o2 10,15 2 20 mLE,
wﬂﬂl% PVA?] 9} 01,02 % O.4%i, WHE 55 1000,
2000 % 3000 rpm O.F 2z} W SIAIZ1HA] Quasi-emulsion
solvent diffusion method & o) EfFLE: vlo|g 2 A8 X5
A28 5= 9J9IT} (Table 1).
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Table 1. Optimum parameters for microsponge production with
quasi-emulsion solvent diffusion method

Specification Optimum values
Itraconazole : Eudragit® E 100 ratio 1:1-15:1
Amount of drug (g) 2

Emusifying agent PVA 30000 - 50000

Amount of emusifying agent (%) 0.1-04

Inner phase solvent Methylene chloride
Amount of inner phase solvent (mL) 10 -20
Amount of water in the outer phase (mL) 100 - 300
Temperature of inner phase (C) 25

Stirrer type Centrifugal stirrer
Stirring rate (rpm) 2000

Stirring time (h) 8
3.2.uto|FRAZA Y Az n] N £ A E2H of FE

o vl &

okB3} Eg]u o) ]’{f(l 1,3:1,5:1,7:1,10:1,15 : 1)0]
okE-o] BRla R, Bl Ul Haf %’JXP_U} ] vl x| 48k
4 AES] Table 29 %Ml‘iib‘r kA o 7 oHeo] 9l
.agﬂr Blge oFET iﬂﬂu Hlgo] oet geiE A
o7 deA =) [13], ¥ A2 daelM= AlEEAdA
Q1 PVAS] o} Yl %ﬁ}ﬂléw o] ZgaiAA 60% ©]
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Table 2. The effect of drug to polymer ratio on drug loading efficiency, production yield, and particle size of itraconazole microsponges

Formulations Drug : Production yield Theoretical drug Actual drug Content Drug loading efficiency Mean particle size
Polymer ratio (% +8.D) content (%) (% £8.D.) (%+8.D.) (w +8.D.)
MS1 1:1 80.65 +2.62 45.45 39.95 +0.22 87.90 + 0.49 69.89 = 14.24
MS3 31 76.20 £ 8.77 65.15 5485+0.17 84.19+0.27 51.81+£939
MS5 5:1 77.72 +2.67 71.43 62.97 £ 0.07 88.15+0.09 56.25+ 8.44
MS7 7:1 69.34 4 7.54 74.46 60.33 £ 0.34 81.02 +0.46 45.35+£7.53
MS10 10:1 75.94 4 8.39 76.92 106.20 = 0.56 108.06 £ 0.73 43,65+ 7.78
MSI15 15:1 7238 +11.84 78.96 77.72 £ 0.10 98.43 £ 0.15 52,63 £10.70

*MS1, MS3, MS5, MS7, MS10, and MS15 denote microsponge formulations with drug to polymer ratiosof 1 1 1,3:1,5:1,7 11,10 1,

and 15 ° 1, respectively.

**Microsponges were prepared under a stirring rate 2000 rpm, 200 mL of 0.2% PVA and 20 mL of methylene chloride.

) BlrEg HERo] BlreS oREst Ejme) ulgel A
Al FEE A ohe Alow velsltt 5, okE st Eelv 9
Hl&o] 7 117k k2] B9 AE0] 80% oVFOR oFF
2 E2i 9] Hlgol BrE YEFS A 2 0% el
0141013} 151191 Bfelle BY 580] 98% 2 100%
2 F7kehs Ao® ek,

o, AR A7) ol wige] 101174 solds
= fAasiglont ok Higo] 1519k 2318 At
A RS AFY ¢ AUTh 3 oFEe] vlgo] 511
Arells YAk Bk 7S UERSIATE EH e Bok

55 o= ekt (Fig. 2).

Table 3. The effect of stirring speed on drug loading efficacy,
production yield and particle size of itraconazole microsponges

Stirring rate {rpm)
1000 2000 3000
Mean diameter (um+8.D.)  66.96+ 11.53 52.81£9.39 61.26+ 1341
Drug content (% + 8.D.) 6591004 54854017 53.82+0.17
Production yield (%) 6540 70.00 74.90
Theoretical drug content (%) 65.15 65.15 65.15
Drug loading efficiency 101.16 £0.06 84.19+£027 82.62+0.26

*Microsponges were prepared by using drug to polymer ratio of
3 1 and under 200 mL of 0.2% PVA and 20 mL of methylene chloride.
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Fig. 3. The scanning electron microscopic images of itraconazole
microsponges prepared at different methylene chioride volumes of
(a) 10 mL; (b) 15 mL and (¢) 20 mL.

Table 4. The effect of internal and external phases composition on drug loading efficacy, production yield and particle size of itraconazole

microsponges
Internal External ) Theoretical ~ Drug loadin .
Formulation composition composition S?;I)d D(l;lgicgge;lt drug content effglciency : M(C?E il;ngat)er
MC  Water(mL) PVA (g) ° o (%) (%+S.D.) Hm = 545

MS3-1 20 100 0.2 49.0 58.36+ 1.31 69.69 83.75+1.88  46.54+7.06
MS3-2 20 200 0.4 70.0 54.85 +0.17 65.15 84.19 +0.27 52.82 +9.39
MS3-3 20 300 0.6 58.0 71.66 £0.08 6l.16 103.62 +£0.12 56.74 £ 11.62
MS3-4 20 200 0.2 71.9 56.23+0.32 69.69 80.68 £ 0.46 53.72+11.82
MS3-5 20 200 0.8 64.4 6591 +0.21 57.64 114.35+0.36 53.17 £ 10.80
MS3-6 15 200 0.4 77.5 50.84 + 0.07 65.15 78.04 + 0.11 48.59+9.10
MS3-7 10 200 0.4 86.1 61.78 £ 0.06 65.15 94.82 +0.09 65.73+11.91

*Microsponges were prepared by using drug to polymer ratio of 3:1 and under 200 mL of 0.2% PVA.
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APt B2 X9 wHo) $EEEsh) B9 2L 1

& 7 I3t (Fig. 4).

(b)

Fig. 4. The scanning electron microscopic images of itraconazole
microsponges prepared at different polyviny! alcohol contents of
(a) 0.1%; (b) 0.2% and (c) 0.3%.

34. 2HEE
oFE T Eew o) B1ES 311, A uAkS 2T 200 mL
7 20 mLE 37793k ANESEE 1000, 2000 2 3000 rpm
O MRS v oFEe] BAE, S8 W He YRt
7ol A= G Table 30 YERASITT. Table 391 1}
Bl nfel o] 882 wHlS It SUVERRE 654, 70.0
B 74.9% % F7FG oL BRI oFE o] ok mRkEE)
7kt 2 Aol7h = Zlo® et

Anta o7 wHkELE7F AR coaggregation©] Lo

shgo] HofA| B QY1 7t AojR]E= Ao ® AdEA Sl
g [15], & ATolNE wEErT SRS IR 7)7)
Thashe Zlo® PARERICE 2243000 pmeli= Iz
A= Eo] LER= 20 % Bol A Wy 2000 rpm
o] S & 4 U3t (Fig. 5).

o

Fig. 5. The scanning electron microscopic images of itraconazole
microsponges prepared at different stirring rates of (a) 1000 rpm;
(b) 2000 rpm and (c) 3000 rpm.

35 0| EgtIAVE vfolazAEA S 297t H 85
Wi

B Ao o]|EgfsE vlo] AR AEX] ] o ErlauE:
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XN o) ERfmUE-S vlo|AZAERof] E5h A=
5 8280 Z7Ho] HA 27.43%004 H1L 64.72%% 1t
el 2t E2juel nigly oFEe] vlgo] =& MS15
AolMe o|EgfmuEe] WEo] ] Aashe A0E o
ERATE (Fig. 6). ol o2l 57} ZobaA 2318 Azt
ol el we} Yo dEso] 7hAd 2o g Algy)

100 -

J = Powder D= MST A ME3 W MS5 W M7 B ME10 k- MS1S |

Dissolved drug (%)

Time (min)

Fig. 6. Dissolution profiles of itraconazole from microsponges at
pH 1.2 buffer solution at 37 £ 0.5C. MS1, MS3, MS5, MS7,
MS10, and MS15 denote microsponge formulations with drug to
polymerratiosof 1 11,3 :1,5:1,7:1,10 - 1,and 15 ® 1, respectively.
Data are expressed as mean + S.D. (n=3).
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