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1,3-bis(2-chloroethyl)-1-nitrosourea (BCNU, carmustine)/poly(L-lactide-co-glycolide) (PLGA) #lo}3E 24 &4
3 9ol o3 A7 3 mme} FA 1 mme] 27T Alzsigch AAle] WEA A4 BCNU/PLGA
o] H2HE oFE WEAEL do)H el e MMMl g8 24 = 92tk BONUSY 27) wrEaks
YEEHT 9 717 43PER B Pvpe AHrtell g8 wiastgich 9L gliosarcoma HlZE ©]-5-3F YA
2] gk A AFoA A7 R dols 2R WES BONUE HEdh AlZe) AEES 243)
o Frlu, I A} 2EZF R 9L gliosarcoma Al 2] AAE A3 ge)slgiv) 9L gliosarcoma A E
of ofgk H7}A] - BCNU/PLGA fl°o)#24¢ vh&s BONU kg ZAE F3lo Ho]523E BCNU
7} A&H o7 vrEso] 9L gliosarcoma M X0 A& FAE TR AL FHlsgh 53], A
7VAl ¥y BCNU/PLGA dlo]# 9] A&H AA JA= A7HAE 3731 &2 dlolze] RE o
a#Aogc}h w3 AP EF 3 BCNUPLGA #l©]=7} PVP ¥ BCNU/PLGA §l¢|H Bt} Al 5
A A A7) HolgE Bloh

ABSTRACT : We fabricated the 1,3-bis(2-chloroethyl)-1-nitrosourea (BCNU, carmustine)-loaded PLGA
wafers containing poly(N-vinylpyrrolidone) (PVP) or sodium chloride (NaCl) in order to control the release
profile of drug in specific shape (3 in diameter, 1 mm in thickness) by direct compression method. In vitro
release profiles of BCNU could be controlled by additives contained in the wafers. Initial release amount,
release rate and duration of BCNU could be controlled with presence of PVP or NaCl. In vitro antitumor
activity accessed using 9L gliosarcoma cell line has been evaluated by assaying the viability of cells treated
with BCNU released from the wafers containing additives resulting in continuous growth inhibition of 9L
gliosarcoma tumor cells. Specially, the continuous growth inhibition of BCNU-loaded PLGA wafers
containing additives was more effective than that of non-additive BCNU-loaded PLGA wafers. The
cytotoxic effect of the drug from the wafers containing NaCl as compared to wafers containing PVP was
more enhanced.

Keywords : brain tumor, BCNU, PLGA wafer, additives, 9L gliosarcorma cells.
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3] AAsE7] By ApdEe] vk B3 w@d w0
AA ) Aat (blood brain barrier, BBB)S 1A 3=
A A EE TR F3 oFEe] Yo E
A2 Ad=]z] 33t ejEEr] gl Al setay
22 HAE FFAAA ] ALsr] gk wjebs
2ol HEeF x5 M2 ATHoE AHAA ] 9
F3A] ¢ka S FRAAA AGshe TeEA o
2 T TEAE HEF F8lel A o)Aske W
o) A= gleh

ol AAlztte ¥ »vg o =°] BBBE FF
Fof sk EA7L gl ¥ ofue} AegAl] & o=
o] E3E Fasgte v AAEEE =Y 5 Y2
o AANFELES EY 5 s AHo] gk o)t
o] 218 FHAlRE ¢=A] FHel RS EE WEA
71ng FAE Le=E A9 4 3l BBB 74
w2 FHA| 2] HFFole] FAHEE g £ ok
AAR gAE &gt 2EAE Amaafet A
5ol BE HEFRAANA HrhEo] go, HZ A
o AP AALES X Bl ol o] shef

1,3-Bis(2-chloroethyl)- 1-nitrosourea (BCNU, 7HF2®l)
 oby mEeke) A|Rol A A4l BBBE
s £ ol ARAEF FAlol AW 13717 vy
ol ARago] W] dRel AL olF £ =
A Ao Aeh] Askel Apsteln o] 4
43 5+ 52 oJAAE 33 Yo]HE LGt w3
AAR A, LS 7 53] HEzAdx P e
gelo) = FEjFete| = FF3A poly(lactide-co-glycolide)
(PLGA)Z™Y dEAGE wmE2E ARSI & -
717b FEutEel ¥-31sk= BCNUPLGA $o]|# = A
Bsjels A9 YEAES 2SI, 1205, BONU/
PLGA loj#¥#€] W&+ BCNUS ¢HZ5A4<S &
918}7] $18te] 9L gliosarcoma MZE o= 3¢k &
AL 718l BONU £4<] 3ol &4+ nlastgle
= BCNU/PLGA #°]¥ 9] 7 - 7|7k k&=l o
g gl BAe A q3-F FAEIGCE BONUE ¥
F3 fol¥E BONU &4uvct 7|7k AEEAay
2 Yehie AR A =5 At 488 £ e
7FsAE& B oAFo] 9L gliosarcoma G| EF-oA|A] FoF
FExdd ds A¥hE 3¢t BCNU 3+ PLGA
delm =g W& BCNUZF fo&nikg ¢ &%
& HAFER] XYt weA], @rjztel] AX Eee] of
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2 Ao E2dEE2]E (polyN-vinylpyrroli-
done, PVP) & G3EES ¥TFT 2] BONU/
PLGA o] & &34 E3ol sl Azstn YA
271009 FErE 5AS ZARIE #9 oiEt
9L gliosarcoma M| EE tAto 2 &1 jn viro GEE 7
AL B3 dels <l A AY GFE AR
A7 AR =S PVPE AU AlAlelA]
A AdPde J%E T ARYE sk
EAR ARE, wEbA mAeRsE g WE
< 24% ¢ ok GHEFLS £ feo] AEE
Toll Zo] Teste, AR AR A A
oA ke FAS goh =3 d3IvERS 74
T W] AR w5 AR VIRE Bl 2 53,
shgollAs w9 5] ofee, dEole AL HA] o
Ett 23 PVPE AW 2 ARAR £l pH
of Ao AL WA oA e At T T
EAoR sl AT TR oFHL AAA
g4 nRAlelm FAY FEAZA A} AAAR
Fe] GgA ofEe) WEE R 5 dua 2us
9514-38_40

2. 4%

Zek 2 A w, BCNU (£X 98%°)4}, Sigma Chemical
Co., St. Louis, MO, USA)E 20 Tol|A R#ste] 2183}
gdom B Ager o]g3t AR nEA AR
PLGAR A HFE 30| 8000 g/mole (Fefol=/Z2lE
glo]= En| 50/50, Resomer® RG 502 H, Boehringer
Ingelheim, Ingelheim, Germany)3ql & ARE-3}ict 7}
A2 AHEEF PVP (K-30, ISP Technologies INC., USA)&
HF-E2=Fo] 50000 gmoled] A& AREstdon 3}

E & (Showa Chem. Co., Japan)¥} 37 2FE-2] WA 7H
< 24| 313 =84 AR ARE Y WgdE
E#}o]& (MC, Jin Chem. Pharm. Co. Ltd., Korea), "2 U4
(Junsei, Japan) % 7]E} A|oFE5-2 HPLC 552 ARG
t}. 9L gliosarcoma A|E2] vjeFel Dulbecco's Modifide
Eagle Medium (DMEM), 9%F8ql $-efo}d7 (FBS), !
Arg 8o (PBS), AlZ FEAA EJA 2=
tlolojul e Egfz 4t (TrypsivEDTA) A2 A3
Qlelufo) 9 Bl-otelulo] E]-L GIBCO BRL® (Grand Island,
NY, USA)°lA Fi3k5ict MEs4 574 ARl A3
A<kl Az 2rEl B (SRB), Ej2ntg Bl Abgsiaal
(TCA) 59 A|oFe Sigma ChemicalAb23-€] 13}
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o} AlEuieks sl ARREE T-75 wikE7ieh 6-well,
96-well plate 3! 71e} AlZufofol] AREEF J318 &~
B2 TF FalconA} (Lincoln Park, NJ, USA) A &S ARE
st ME5A S4E g microplate reader (ELISA
reader)= Molecular DevicesA} (Sunnyvale, CA, USA)2] E-
max 7]15& A3

H7H4l &5 BCNU/PLGA $liels A=, AEHA
J27-21e]l PLGA®} °FE- BCNU Y AH7HA|E vortex mixer
£ o]&slq mEgsleiglony, 4L wEdE JAL
Azx 27HE 45 AYPHEE o)L3to o E Alx
sttt Zhzhel glojHE =& (MH-50Y CAP 50 tons,
Japan)E o] &3} AF2-ol|A 20 kgp/em®] oA 52
3 7Hgete] 3.0 mmX¥ 1.0 mme] fHo]HE Azt
(Table 1).

AR e HEAHY. A FE YEAHES 35y
787 Axgr Z7ke] o3& 20 mLe QlAkd <
Z8-ol (PBS, pH 7.4)°l A A5}l 37 TR F-A
2xA UdA 7]7F F<F 60 ipme] 52 wHksC)
BCNU< PBS % =88 ol wbzt7|7) ol 22 of
=olE® WEAY 77k 53 PBS YE &5 BONU
9 k& A AL Erbsslch webd 947 6
Z01% HojHE 2 mLo] MCel| go] iAo} oGBS
LA 7122 18 mLe] WEHEE BONUZT 4] <i$l= PLGA
£ HAAIZ & AR g &9 | mLE Fslo] A
33 F S 100 pLE FH3le] nA TR}
Eadgele #Agte ] WEAY o|F HojHd 1E
= BCNUS k& xAbsle PBSUIE w&% BCNU
2} oF= 4FEsigich A9 WEAE e BONUS) 24
& W EERe 33) AYe Haghe® slgith HPLC
¥4 UV ZE7] (UV-1000, Thermo Separation Products,

e -
= %

Table 1. List of the Preparation Condition of BCNU-
Loaded PL.GA Wafers Containing Additives (n=3)

PLGA drug  weight thickness diameter "
batch (g/mole) %) (mg) (mm) (mm) additives

1 3000 385 10 1.0 3 -
2 8000 10 10 1.0 3 -
3 8000 20 10 1.0 3 -
4 8000 30 10 1.0 3 -
5 8000 385 10 1.0 3 PVP 40%
6 8000 10 10 1.0 3 PVP 40%
7 8000 20 10 10 3 PVP 40%
8 8000 30 10 1.0 3 PVP 40%
9 8000 385 10 1.0 3 NaCl 40%
10 8000 10 10 1.0 3 NaCl 40%
1 8000 20 10 1.0 3 NaCl 40%
12 8000 30 10 1.0 3 NaCl 40%
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Fermont, CA, USA), = (P-2000, Thermo Separation Pro-
ducts), AH5AEF7] (AS-3000, Thermo Separation Pro-
ducts)® F-A¥ HPLCE ARE3tgic}. ZA¥H-e 4-Bonda-
pak Ciz (3.9 X300 mm, Waters, Milford, MA, USA)& AR&
IR o] A WEREE ARSI 5 1.0 ml/
min® % ik APLE+ S AR e
AL 237 omE AEEGen AR FYFE 20 ymE
st

AE vk, 9L gliosarcoma A|EX 37 C, 5% CO, 2
100% w59 275 AR &27] oA Alza)
F& T EhaZdA AE wjek EFsdoh AAEH
ME] vlSFAOZE 10% (v/v) FBSS} 1% FAAE
715 DMEM-& ARE-314ic) 0.05% EHALEDTAS 9]
43} kg ZAa2HE OL gliosarcoma AEE
8t 3~4de) g Al F-A k5o

NEEA AY. vloFsl 9L gliosarcoma A EE 0.05%
EZJA-EDTA $Ho 2 F&]3te] 1400 rpmoilA] 3¥-7t
QA Relg & ufjcklo g 3]dsle] dnjrlo] EdE
(Reichert Co, USAYE ¢|-4319] AZ] +-8 Albsisie
So]3) 2 e YL BONUS AZSHH7} A8
& Figure 1] A|AISIAT} 6-well vieF £7]12] 7F wello])
1 X10° cellmL 2] A ZE Fu)|sho] BFsl A 27} vk
£719) whetedel] YA 2422k Feb wjpahoi
24717 B4F BISF % welloll 242t 714l 5 BONU
(3.85, 10, 20, X 30%)/PLGA o3]S Y1 397} v
A AEo] ZERXE A9 Hor AEsg
3, RS FH3HA] o2 PLGA Ho|¥E Y wiok
g AEE dizgos ARGk AlEe] wioke] it
5, M54 54 Alzzd oA A Aokl SRB
£ o] &3l SAHALY F FE A} B 7 well
oA} wijoklE AASE 7 wellel 10% TCA &4 2
mLE X238l 4 CellA 1A7F 5ot whx)ste] AEE
2AAZE O F TCAR AAsm Aeeld AxA7
1% W ZAF g-de 04% SRBE 591 GAg4e 7}
sto] AZoA 30 T WAt AEzE G

Cell culture 1 day@MCdia (blank)
DMEM + 10% FBS - Seeding (Gwells) =)
+ 1% Antibiotic- 1X10 celisAwell @BCNU/PLGA wafer
B 3 days
Cell counting
SRB assay

Figure 1. Diagram of methodology and experimental condition
used for the cytotoxicity test of BCNU-loaded PLGA wafer.
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A2} ZAF3HA] o2 E2] SRBE 1% WERAF &
27 AlFste] AAslka, E4% AEE0) pH 103~105
2] 10 mM Trisma base (unbuffered) &4 2 mLE 7}3}]
SRBE £&A|Ztl %3 SRB &5 96-well plate
2 27 & 7} well®] 2 %E microplate readers ©]-%
34 520 nm 3O SA8HAT. AIEZEA L] A4k
oFE-g }ekA] k2 welld) AESF (O} FES 71E
ZF welle] Az (DE BIZ3MY, T/CX1002] 2o 2
) AT

3. 2% 2 EE

kg3t mEA EGEe) TS B4, Figure 20
A 2 A¥ A A3 BCNU, PLGA % PVP F32&
Uehigich. BONUE A3%E<ke] A8 95 Aatso]
£ Yo|ER Ao} FEHe] Ao F 1,3-bis(2-chlo-
roethyl)-1-nitrosourea  3}8F7-32& 712 3 A o|ch
odubzl o ¥ BONUE £k AlX) DNAY RNAE &
shobo] FERAS U Ao ded ot o
& a9t A5 AES dov)A] Werh” BONUE
FgAol| A sppRalEn iAo pH 7 o)Ak
Sl A wizhz) 7} v~ B pH 4904 7P A s
A =7 D AW RN e A7 208

I
Cl—CHy— CHy— NCNH— CHy— CHy—Cl
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(@)
[0} 0 (6] o
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Figure 2. Chemical structures of (a) BCNU, (b) PLGA, and (c)
PVP.
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g A Qlok® w3 AJEFS FA = A
o) AA = ZAA 7IFE o & B3, cgk&elA
= S 5] o, dddle AY =4 deoh®
Figure 3°|Al= 7#A} wjE8l~q] PLGAS <FE9)
=3 E3ol b AAA e Wsket FUEFES] &
T2 gdolr 7] 9)3le] XRDE ©] &3t A8 E B3}
Sk 1 Ay, 13648} o] BONUE ZAA 0] wi¢-
2 FEE 10~30° FYolA AAo)mr} Yepga,
og7joll AAAo] wlg- ol AAdHe] AL gle F
4y zEAR PLGAS =214 &3] 2R ZA
Aol Zrashe BAS BRI =3 AAA o] wig-
2 G3shEFo] A7 Solzle] A AriAle] AAH
o]z} 30~35°04 yehgdtl gt ew APEsig A
A2 o)&3l AlxF APAA UFFE WEATS LA
A AA WA 2FEe] B 22 g IRk A
o ojgk Ba)e) F 71A FA s Qg dhert
H7HA o) w2 B2 73 Figure 45 27) FE 3
gke] Wale] w2 o WEAETS Uehd 1ol
Z+zre) fo|H e &7 <F7HY burstE: Kol o]F
AL Gzatel] ke e AEFE Yehde F e
7he 9k 3~74 A=} (Table 1, batch 1,2, 3 X 4). A
A9 wEAH 39504 30% BCNUPLGA $ol¥+=
98.2%2} HF=-2 wql Him 3.85% BCNUPLGA <l
£ oF 62.8%%ke] WEE ey FES] 27] TRl

\ (a)

A (b)
P .

. L R - ]
r__,/; (d)

(e}
D

_}'\ s @

(h)

10 20 30 40 50 60
20

Figure 3. XRD of BCNU, PLGA, and BCNU-loaded PLGA

particles. (a) NaCl, (b) BCNU, (¢) PLGA, (d) PVP, () BCNU

3.85%, (f) BCNU 10%, (g) BCNU 3.85% with NaCl 40%, and (h)

BCNU 10% with NaCl 40%.
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3.85%A 30%E S7VEeE oFEo WEr|Tbe] Aot
A3 wEge] S 4 4 dsivh A o=l
BCNUE o 23k 47 3L 53 kel 3l
oFEo] whEE7] W] Z7] burst®] A9 Ad¥ el

ke BEATE oFF I AL L ¥
AR A el FLs FAAPo2A A& 5 9t
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Figure 5% BCNU®| &gl @& PVP 40% &
BCNU/PLGA #lol# 9] <& WEAFTS dshd 13
ot} PVP 40% ¥ BCNU/PLGA Hlo]|¥: & W&7
7o) oF 39 A=t} (Table 1, batch 5, 6,7 2 8). A
FEAR] PVP) g¥Fe g Qs 7] 2FzHY| lag times
gl 5 slddx AL Gzl rizke BE A YE
Wow ofE HlE4& %l BONUSH PLGAWES R A|2H
ols AR Y5} o w2y wehi W)
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Figure 4. BCNU release profiles from PLGA wafers. (a) 3.85,
(b) 10, (c) 20, and (d) 30%.
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Figure 5. BCNU release profiles from PLGA wafers containing
PVP 40%. (a) 3.85, (b) 10, (c) 20, and (d) 30%.
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2= 49 o DEHGLE ¢ 5 Ugick Ak pve
A% ZRAZA RG] o) A% $3)
sluf ol oFEe] WEd 5 gt AEE el FyYot
o ov RS B chEY s YR ARSE B

%S ZIIAA PLGAY E3E FAA7], 3582
2 B WEEET) Ul GE WET|Te] TS
Helvkn AR do]3e] BokE HIHAT|A] 4
A FEEEE A - Ue

AN LS JAAA YFEEHEF T

epd a2=elc)h d3lIEF 40% &5 BCNU/PLGA ¢
ol#lE Z7] 7 bursty: Eo|x o]F A gl
WV WEAYFE RolH F WEII7Re of 3Y A=
St} (Table 1, batch 9, 10, 11 4 12). G3p}EF°] A7}
= slel#e] W& A2 PvPrt 7K delsR
£457) v w2y web Er|7ks 98 gelH
w3 o #worck @3VERS PVPETYE Eo HiE &
MEErE v w21 ofEe)] FEE VXA o AL
2 Ayt AEES TR e delHd
ol AEHH FIHEFS A5 f4A Eoll &=
PBSHE W&t} o] &2 fo]3 ¢tem FibE 1,
wfefa] oFE2 Ehalel] 2§ wpEo] o]Fofzlr). ¢]e] 2
A= 8 A7 AR o) s AT
# BCNU/PLGA o)A oF&<] wtes sk
2 224 F IS FAT 5 UJekHP

AEEA AR, Figure 72 AE254 AE 3049
o= el oE 479 BCNUPLGA o] =27
€] ¥&3 BCNU2 9L gliosarcoma A X tigh A%
4 A 234E vehd 23 olcl. BONUE #4314

A 1 s
oo
g4 | &7

—u-— (a)
& (b)
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Figure 6. BCNU release profiles from PLGA wafers containing
NaCl 40%. (a) 3.85, (b) 10, () 20, and (d) 30%.
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2 PLGA flloj=le AlE 54 oA a9s Yehgr] ¢
2 ¥ BCNUPLGA §o|#E 718k -2 25 50% ©]
o] Al FA AA ZAE YEfglen 53], BCNU
2] o] 10% )3l HolFE 39 F3F AEH R 9%6%
142 AlZ F4] A 235 Yepick BCNUPLGA
Jo1# 2] 3U7tA] 9] NZ2EGAE A7 A F4) 9
EH7L FAEE Ao 2HE 9o]HE e BCNUZ| A
£xoz ulaEo] MEo YEH S FIgE Fu
= Felslglek o] A= vk <hellA 39 Fob
BCNU/PLGA o|# 258 w5 BCNUS o] &3
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o
£

SFREF (Tuble 2)9] 3t Aok A= 4 3c)

BONUS| 7] gHiefe] ¥olds® AlEs7) tas)
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Figure 7. Cytotoxicity of BCNU-loaded PLGA wafers aga-
inst 9L gliosarcoma cells during 3 days.

Table 2. Daily Released Amount (Theoretical) of
BCNU from BCNU- loaded PLGA Wafer Containing
Additives Treated in Medium

No. PLGA initial BONU additives daily released amount  cell viability
(g/mole) loading (%) during 3 days (pg/mL) (%)
(theoretical) 3 days
a 8000 - - - 99.9
b 8000 3.85 - 80 380
¢ 8000 10 - 286 320
d 8000 20 - 601 274
e 8000 30 - 982 2.60
f 8000 385 PVP40% 103 64
g 8000 10 PVP 40% 295 29
h 8000 20 PVP 40% 613 279
i 8000 30 PVP 40% 970 265
j 8000 3.85 NaCl40% 104 37
k 8000 10 NaCl40% 303 286
1 8000 20 NaCl140% 635 278
m 8000 30 NaCl 40% 966 27
* see Figures 4 and 9.
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Fa= FUstlon, oj= oFE ko] B2 ol
£ A2E TLLF A3t dojuRRE AEHow »
F322] BONUZL dAsH W& o] AX $24)S oA
A7l Ao Aba o)

Figure 82 AEZ5A) A¥ 3Y04e] k& dhi-Fo
wE PVP 40% 3+ BCNU/PLGA $lo|# 2 HE] ut&x]
BCNU=2| 9L gliosarcoma Ao thdt Al =4] oA &
2 vl 2foloh H7AE Ehlke A o2 ¢l
olmle] MESA ¥ A Uxsh= AFE BCNUY
o] 10% o]43l dlolvE 3 F¢ A&A 07 97%
ole] AE F4 JA| AAE vehglc) vhHe BCNU
2] FEFo] 3.85%931 dlel# e A%, HAUHAE il
QA L dlo)HE 62%2) HE 4] A EHE Bl
HHH PVP 40% AH7FE dlo]HE 93.6%] 2 A &
Al oA ZHE Yelich o] A= wljokey ghojA
39 59 AVHAIE st QA 4 == PVP 40%
%17}l BCNU 3.85% 3H5- PLGA ¢o]|Z 23 e] ul&5]
L BCONUS| o2 &}2uF5%F (Table 2)9) 7t 2%
3= A2 FAF) o] PVP 40% H7HR ¢lolH R
FE A&FHo R 3% BONUZF QASHA WEs of
NZZAE o] @o] AR Ao Atg=c)

Figure 9 AIZ5A A 39lol|A9] ofg shiafol u}
2 93EF 40% ¥+ BCNUPLGA $o]¥2HE
=3 BONU2) 9L gliosarcoma Alj3Eo]] gl Al 221 o
A E05 Vepd a8l d3sEF 40% 3 BCNU/
PLGA o3& 713t ¥+ 25 3¢ 59t Ao
96.3% ©]Ae] AE F24 A &74F veldgich pvp
40% T = I3YEF 40% T BCNU 3.85%/PLGA
oM 2He PE=E BONUY |27 sleut&e
(Table 2)2] Z+& W) s] B, Table 204 Bojz== A

100
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o
0/17 A _erzrrzzzn_grzmrrmzn «

Blank 3.85% 10% 20% 30%

Cell Viability (% of Control)

Figure 8. Cytotoxicity of BCNU-loaded PLGA wafers con-
taining PVP 40% against 9L gliosarcoma cells during 3 days.
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A 0)EA 9 sFuEFE 77 1037 104 pgmLE
A A9 2okt o)9} vlwale 39 Feke) AlE AEE
2 747} 6.4%9) 3.7%9 k. GEIEFE 40% 3 BOCNU/
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Figure 9. Cytotoxicity of BCNU-loaded PLGA wafers con-
taining NaCl 40% against 9L gliosarcoma cells during 3 days.
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Figure 10. Cell morphology of 9L gliosarcoma treated 3.85% BCNU-loaded PLGA wafers containing additives during 3 days;
(a) PLGA (blank), (b) BCNU/PLGA, (c) BCNU/ PLGA/PVP 40%, and (d) BCNU/PLGA/NaCl 40%.
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