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8 FEE AEA olZER (IP)> 2EAIRY] R} TS AT J2ERIS EAR
7@15‘4 R E sl 24 shsd QRS AAATEes dste FeloleFEtolEdels
F8A PLGAYE FEWERES d7sted /M AR 1EAEE shdelth & ATelA Pt
%“ﬂ PLGA v Ltz ow &) SHbies Alxsigion, vlge] EL71L 5~200 pm2]
Helol gloleh m o] Hell= SEMeR a3, AAe] wEARedA P FEF2 HPLCE £4
gk Aetel U PVA 59 A AREog TP Fe obg THES 9L & YUk vAT P,
7] 9 okE wE el PLGAS] ¥-AEF (8, 20, 33 90 kg/mol), LTX]A;L ) o) 5 (25,5 10 9
20%), +3HA12] F5F (PVA, gelatin Y Tween 80), 7| k& F7-5F (5, 10, 20 B 30%) & wRFE= (250,
500 ' 1000 rpm) 53 22 oY Az WgEel ot 2AY 5 JEE & 2&“4 A 2] e
Hell A P B2 AxxE AT 79 YaplE FHE 309 oo R AFHArt i,
XRDS} DSCZ IP ¥+f PLGA "3T9 E2]3}3t4 ¢l 42 & ARl WEwrhEs 22sksict

Ju

—M

ABSTRACT  Ipriflavone (IP) stimulates proliferation and differentiation of osteoblast and also enhances
calcitonin secretion in the presence of estrogen. Poly(lactide-co-glycolide) (PLGA) due to its controllable
biodegradability and relatively good biocompatibility is ¢ne of the most significant candidates for the study of
drug controlled release system. In this study, IP-loaded PLGA microspheres (MSs) was prepared by using
conventional O/W solvent evaporation method. The size of MSs was in the range of 5~200 um. The
morphology of MSs was characterized by SEM. And, in vitro release amounts of IP were analyzed by HPLC.
The highest encapsulation efficiency were obtained by using gelatin and polyvinyl alcohol (PVA) as emulsifiers.
The morphology, size distribution, and in vitro release pattern of MSs were changed by several preparation
parameters such as molecular weights (8, 20, 33 and 90 kg/mol), polymer concentrations (2.5, 5, 10 and 20%)),
emulsifier types (PVA, gelatin and Tween 80), initial drug loading amount (5, 10, 20 and 30%) and stirring speed
(250, 500 and 1000 rpm). The release of IP in vitro was more prolonged over 30 days, with close to zero-order
pattern by controlling the preparation parameters. The physicochemical properties of IP-loaded PLGA MSs were
investigated by XRD and DSC.
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Abstgict BAE w|ge] =37), 27) B, 9 Ay
E E3r] 98 AASAF dv)A (scanning electron
microsphere, SEM)S- ©|-&3}e] #AEsldct AxE v
7-2 Aol A Y FEAFTS A 5] 1A
T HAHZEwFE2#)9] (high performance liquid chro-
matography, HPLC)Z £73}gch. =3 n|gh3o] &)
shehd RS XA 3A7]|(X-ray diffraction, XRD)<} A
A AL EFA| (differential scanning calorimeter, DSC)& &+
Bjgic)

2. A3

Ak ul AR, P (£X 99.2%, E|slshEs AL
oAlA Haste] Algslglom 2 Ao o] g3 A
F|A4 ZEA ABE PLGARA FHg-Bx|[gko] Z7h g
207} 90 kg/mol (Brefe)=/Ze] 8ol = Bu), 50/50, 75/25
9l 75/25, Resomer RG 502 H, 752, ¥ 756, Bochringer
Ingelheim, Germany)?) Z2-& A-8-3}5ich A2lel (Junsei
Chem. Co., Japan), Z-8]9]d¢F (PVA, Junsei Chem. Co.,
Japan), 2! Tween 80 (Junsei Chem. Co., Japan)< 344
2 AREstgich AAle] BEAEA o83k B2 Milli-
Q A3} A|2~¥ Millipore, Molsheim, France)& ©]-&, A
Algke] A&l wEalF2ele) = (MC, Tedia, Japan),
oAIEHER (FAFs}eh, WEelYE (Junsei Chem. Co.,
Japan) ¥ 7]} AJ¢F5-2 HPLC 535 AH&-stgrt

IPE 33 PLGA V3T Az, B9 27] 3=,
PLGAS] #A18 PLGAS] MCU¢] 7&2ke] ¥x, wub
&5 9 F3AY $7F A2 iR S0 gukEd ow
£l S-S o83ty HFE AR (Table 1),

Table 1. Preparation Condition of IP-loaded PLGA MSs

batch mitil ~ PLGA  emulsifier  polymer  agitation MSssize  EE°
no. drugloading MW types conc. speed

Oo)  (kg/mol) (wthie)  (pm)  (m) (%)
1 10 90 gelatin 10 1000 - 116
2 10 33 gelatin 10 1000 50~200 100
3 10 20 gelatin 10 1000 5~80 96
4 10 8 gelatin 10 1000 - 37
5 10 2 PVA 10 1000 5~80 953
6 10 20 Tween80 10 1000 - 101.2
7 10 20 gelatin 20 1000 10~150 101
8 10 20 gelatin 5 1000 5~80  8L6
9 10 20 gelatin 25 1000 - 405
10 10 20 gelatin 10 250 - 915
11 10 20 gelatin 10 500 5~100 9.4
12 5 2 gelatin 10 1000 5~100 906
13 20 2 gelatin 10 1000 - 913
14 30 20 gelatin 10 1000 - 873

“EE: Encapsulation efficiency.
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(SC 500K, Emscope, UK)E o] &3} o= #4]7] 3}
oAl Al 90z F3F Mg ZEsigict Alxxl vjgFe] 2A
A& XRD (D/Max-IlIB, Rigaku, Japan)E ARE-3}ed 5
°’min®] $EE 202 g 0~50°2] P4 S43}
gow wFeo] Gz AIAe] Wil DSC (TA Instruent
DSC 3100, DuPont, USA)E ©]--5+e] 10 C/min®] £-&
E£X 2 20~180 T WS ANA FAssick

FRE. A mHE] P 2HES =AY Y3
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Figure 1. Chemical structures of (a) IP and (b) PLGA.
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frabgmsubel o3 Alx= P ¥ PLGA w|H
7% SEMCo® #&3k ANE Figures 2, 3 ¥ 4¢] Lhe}
viglel f3iAle] 555 AASA sl 3AY] A
£ v st mEFE Axd 23 G3AY
ZHe w2t ehdTe] el v AR = 99

Figure 2. The surface morphology of IP-loaded PLGA MSs
with different emulsifiers. (a) batch 2 (gelatin), (b) batch 5
(PVA), and (c) batch 6 (Tween 80).
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o (Figure 2. @<bel AHEE o1
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Exsl Fe Aed 799 AT AR deE
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Figure 3. The surface morphology of [P-loaded PLGA MSs
with different stirring speeds. (a) batch 10 (250 rpm), (b) batch
11 (500 rpm), and (c) batch 2 (1000 rpm).
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Ipriflavone-Loaded PLGA Microspheres 13

(b)

(c)

Figure 4. The surface morphology of IP-loaded PLGA MSs
with different initial drug loading ratio. (a) batch 2 (10%), (b)
batch 13 (20%), and (c) batch 14 (30%).
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Figure 5. XRD of (a) IP, (b) PLGA, and (c) IP 10% loaded
PLGA MSs.
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Figure 6. DSC thermograms of (a) IP, (b) PLGA, and (¢) IP
10% loaded PLGA MSs.

T T T

T T
12¢ 160 200

BNk

4 9l XRDS} DSCe] AAZRE v|HTE Al
3 of gule) ARgo= gk okEe] AAA
k5 o] AAA o] mEZAQ] vEAle FAH 4
z3sly 9loid AAAel TagE & 7 I
o2 7} 3 PLGAE A& AElR EAlshEA
Z4zke] Aolexd WHIAIIn AAALE HAe
2g-s gt 25T ¢ vk FEE T AR
A nREAR AL ARG M3l ofEe] T3] W
AT W 43S wA ZeF Als=rh
A WHEAF. Figure 72 134418 Rl o
WA 2S Yehd aeZolth 7] 10% °FE I,
PLGA 2213 20 kg/mol, PLGA EX7} 10%= Ax3l
RE #jhTE 302 oA WEe] HIJL A5
Al Aetele g AzH st 2RL] M =
< o opl, WEE e v o E f3kAY AR
w2 A vpepyict
Figure 82 %7} <& Hel o IP

]

=

it
ook

Forgt o]

14 olds &

Polymer (Korea), Vol. 27, No. 1, 2003

80

. /.
= )
S P
3 ] -

P
S 40+ o
g //. A
:
g 7
5 204 !r/: ‘
= o—§ —8&— gelatin
;s gela
:r! - —@— PVA
- Tween 80
0 T T T T v T T
0 5 10 15 20 25 30
Time (days)

Figure 7. Effect of emlusifier types on IP release profiles. (a)
batch 2 (gelatin), (b) batch 5 (PVA), and (c) batch 6 (Tween
80).
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Figure 8. Effect of initial IP loading ratio on IP release
profiles. (a) batch 12 (5%), (b) batch 2 (10%), (c) batch 13
(20%), and (d) batch 14 (30%).
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Figure 11. Effect of strring speed on IP release profiles. (a)
batch 10 (250 rpm), (b) batch 11 (500 rpm), and (c) batch 2
(1000 rpm).
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