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2 9f:1, 3—bis[2—chloroethyl] =1 —nitrosourea (BCNU, carmustine) = 2} =54 A 585 9
&to 3l oA olatollA] de] AMgE= okRolu) 3L poly (D,L—lactide—co—glycolide) (PLGA, &
A= 20000 g/mole, gEFO) =9} SFElEFeto]= EH] 75 @ 25) & FEHAGAIAHS 3t oF dd
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ABSTRACT : 1,3—bis (2—chloroethyl) —1—nitrosourea (BCNU, carmustine) is one of the effec—
tive chemotherapeutic agents which has been used clinically for treating malignant glioma.
Poly (D,L—lactide—co—glycolide) (PLGA, molecular weight: 20000 g/mole, mole ratio of lac—
tide to glycolide 75 : 15) is a well known biodegradable polymer used as a drug carrier for
drug delivery system. In this study, we investigated the BCNU release behaviour of BCNU—
loaded PLGA wafers containing poly N—vinylpyrrolidone) (PVP) or polyethyleneoxide (PEO)
and the effect of hydrophilic polymers incoporated in the wafers. BCNU—loaded PLGA
microparticles with or without hydrophilic polymers were prepared by a spray drying method
and fabricated into wafers by direct compression. Encapsulation efficiency of BCNU—loaded
PLGA microparticles containing PVP and PEO was 85~97% and crystallinity of BCNU encap—
sulated in PLGA decreased significantly. Initial release amount and release rate of BCNU
increased with the increasing PVP or PEO amount. Morphological change and mass loss of
wafers during the release test were confirmed that hydration and degradation of PLGA would
be facilitated with an increase of hydrophilic polymers.

Keywords : brain tumor, BCNU, hydrophilic polymers, PLGA, microparticles, wafers.
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Alef 2 M=, BCNU (=% 98%°1%, Sigma Che—
mical Co., St. Louis, MO, USA)+ —20 ColH B
#ate] AFE3E 0™ PLGA (lactide/glicolide mole
ratio, 75/25, Resomer RG 752, Boehringer Ingel—
heim, Germany)& EAFo] 20000 g/mole]!
e AMEEITE AR AR AR nEAkl
PVP (K-30, ISP Technologies INC., USA)+= H+F
EAFEFo] 50000 g/mole H& AMHEEFI ™ PEO
(Aldrich Chem. Co., USA)+= 3+t #2go] 100000
g/moled] 215 ARgSISith wEEZeto]l= (MC,
Tedia, Japan), WYY (Junsei, Japan) % 7]E}
AleFEe HPLC 535 ARl

Fl= DEXE 8RS BONU/PLGA O[22 2 2ljo]x
o Mz MCel 974 PLGASt BCNU 12]iL
PVP 52 PEOE §7| SeliAR]l & wARIZ7] (Flui-
dized bed coater; Top spray method; Uniglatt, Glatt
Co., Binzen, Germany) & ©]-&3fo] EAldZx3ske] 1)
s Az BONUY 7] o e
PLGA®] tiste] 10%= 13k PLGAY] s5%+=
10% (w/v) 2 a7gste] mlte-& AlZ83itt. PVPet
PEO €99 ¥t PLGA “sXx°] tigte] 5~30%
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o] miige] 37]9} Fehe AAFARARA (scanning
electron microscope, SEM, S—2250N, Hitachi,
Japan) & AHgste] #Esiint Aol 2SS F&E
5 ol AlRE 14 & Eekz=vt 2HY (SC
500K, Emscope, UK) & ©]&3}o] o}= 97| &
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dolde Y B AE5E el W
o]-9] flolde TANXIE ©
AT BCNU $H+ mlde] 2737492 X434
¥247] (X-ray diffractometer, XRD, D/Max—IIIB,
Rigaku, Japan) & AF-8Fe] 5°/mind £E2 260 9
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A A7 Az} FAF FEA7] (differential scanning
calorimeter, DSC, TA Instrument DSC 3100, Du—
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~100 C9] HlelA S48k

ZHE A YAe| YEAE Axd vEEe BCNU
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100 mg?] wEES 2 mLo MCel ¥ PLGAS}
oF=S ¥olil, 18 mLe HE-ES& F7ksto] PLGA

45O 1 mLE Akl Ay Felat

Products, Fermont, CA, USA), 3 (P-2000, Ther—
mo Separation Products), AHFAIEFYU7] (AS—
3000, Thermo Separation Products) & 3% HPLC
5 A3 43S p—Bondapak Cig (3.9%300
mm, Waters, Milford, MA, USA)& AMg-8}91aL o]
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Figure 1. Chemical structures of (a) BCNU, (b)
PLGA, (c) PVP, and (d) PEO.
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Table 1. Preparation Condition of BCNU-loaded
PLGA Microparticles Containing PVP and PEO
(PLGA 20000 g/mole)

bgt;h lz[g lzgo? initial BONU loading (%) ](EE)
T - - 10 99
2 5 - 10 95
3 10 - 10 94
4 20 - 10 95
5 30 - 10 97
6 40 - 10 94
7 - 5 10 89
8 - 10 10 85

®EE: Encapsulation efficiency.

AR o8 Alz® BCNUE g3 PVP/
PLGA v]#%@3} PEO/PLGA v]#2& SEMo® 3
238t A3E Figure 20 YERSITE (Batches 1, 3
9 8). M5 aRAE ek o> BCNU/PLGA
1EE (@2 Az IFEA F3 v g
= Yehiigloy PVP7E H7kd B2 (b)) Oy
3ete vyt PEr EAeks 2 BEE 5
th S PEOZF H7HE A% (o) v FeHz
At 2 AskAl gl PvpPel A-9-Htt
198 27178 Wl AA s 2 5 ATk
o]Z& PVP8 PEOS] A1) 22+ 50000 g/mole}
100000 g/mole@A 2 sLoA] fHe] Hw7}
PEOS] Z9-ollA 1 3o} #Ako] of57] wiiEel e
2 Alg gt

Figure 32 BCNU, PLGA, PVP, PEO, BCNU/
PLGA 183 473 3821 PVP9 PEOE 77}
1094 H7kete] Alzxst njg+2 4473S XRD&
AFgEto] #ES Aoty a#e] vERd Hpel ho)
BCNUE A4Ao] vl %2 oFER 10~30° 99
oM AR A7t epdS & & 9len BCNU9| *
Aol A1g3 PLGAE AAA0] % vto} 4394
o] A9 flv FHFES YeRGith PVPE A8
7ML YA ek T Rl wbd PEO+ 2%
Aol wWi$ = TEAE 10~30° PYA AAT
a7y EAES & & otk A5 TEARI PVP T
¥ PEOE #7lete] Alzxst mld
ERIA] okgk), whabA, 14 1Al PVPEE PEO
7} PLGAS}F ti#2 #9435k A= 1 =38 BCNU

d

A )

d

d

ke

674

I

et AL DA - ol

(b)

(0)

Figure 2. SEM microphotographs of BCNU —loaded
PLGA microparticles containing PVP and PEO. (a)
BCNU 10%/PLGA (X 600), (b) BCNU 10%/PVP 10%/
PLGA (X 600), and (¢) BCNU 10%/PEO 10%/ PLGA
(x 600).
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Figure 3. X—ray diffraction patterns of BCNU, PLGA,
and BCNU-loaded PLGA microparticles containing
PVP and PEO. (a) BCNU, (b) PLGA, (¢) BCNU/
PLGA, (d) PVP, (e) PEO, (f) BCNU 10%/PVP/ PLGA,
and (g) BCNU 10%/PEO/PLGA.
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Figure 4. DSC thermograms of BCNU, PLGA, and
BCNU-loaded PLGA microparticles containing PVP
and PEO. (a) BCNU, (b) PLGA, (c) BCNU/PLGA,
(d) PVP, (e) PEO, (f) BCNU 10%/PVP/PLGA, and
(g) BCNU 10%/PEO/PLGA.
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Table 2. Thermal Properties of BCNU, PVP, PEO,
PLGA, BCNU-loaded PLGA Microparticles and
BCNU-loaded PLGA Microparticles Containing
PVP and PEO

batch . JH, T, 4K,
No. sample © Gk (© Uk
1 BCNU 28.19 114.3 - -
2 PLGA - - 50.01  7.439
3 BCNU/PLGA 33.23 2163 6285 1.352
4 PVP - - - -
5 PEO 63.37 1746 - -
6 BCNU/PVP/PLGA - - - -
7  BCNU/PEO/PLGA 4291 3.523 - -
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Figure 5. Effect of additives on BCNU release from
PLGA wafers containing (a) none, (b) PEO 10%, and
(¢c) PVP 10%.
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Figure 6. Effect of PVP amount on BCNU release
from PLGA containing (a) PVP 5%, (b) PVP 10%,
(c) PVP 20%, (d) PVP 30%, and (e) PVP 40%.
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