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of : B ‘ﬂ < ol g3l AAFHAE AFREEH] 9= poly (DL—lactide — co—glycolide) (PLGA)
}_‘: A8 A2k vhekst ool & A AY], oFE R, AR Fu ¢ Ee - g8t
A EANe /K}’B‘}S’iﬁ}. Dimethylacetamide (DMAc), dimethylformamide (DMF), dimethylsul—
foxide (DMSO) 2 AZ¥ PLGA Wi Abe] AF)3i= acetone @ A|z8h ¢izprct 2ch sk
okE -32 DMAcC>DMF >DMSO=acetone =A%tk PLGA vy OLJX}—‘; scanning electron
microscopy (SEM) ¥} transmission electron microscopy (TEM) & &Aooz L&elE ¢F 4 9l
Aot AHEGAE AFESHA] = WAt 2 E norfloxacin (NFx) & )\ ray dlffractlon 7
g Foto] ixb Bl FEE JAA = FE MR B9 28-S S o ¢ Ak Eylek
EE AMEE NFxE BEEEs ofF Sy okl Jakzar)el els) 5}rkl‘:]r T PL (JA
vyl FalsEE o]"ﬂiiq" DMFg AMESEE ol o whEe ol PLGA vhngdabe] 4
FAAE YA=710] H9HAThs AL ¢ F Uk

L fo

ABSTRACT : We have prepared the surfactant—{ree nanoparticles of poly (DL—lactide—co—gly~
colide) (PLGA) by dialysis method and their physicochemical properties such as particle size and
drug contents were investigated against various golvent. The size of PLGA nanoparticles prepared
by using dimethylacetamide (DMAc), dimethylformamide (DMF), and dimethylsulfoxide (DMSO)
was smaller than that from acetone. Also, the order of drug contents was DMAc>DMF >DMSO =
acetone. These phenomena could be expected from the fact that solvent affects the size of nanoparticles
and drug contents. The PLGA nanoparticles have a good spherical shapes as observed from
scanning electron microscopy (SEM) and transmission electron microscopy (TEM). Also, surfactant—
free nanoparticles entrapping norfloxacin (NFx) have a good drug loading capacity without free—
drug on the surface of nanoparticles confirmed by the analysis of X—ray powder diffraction. Release
kinetics of NFx used as a model drug was governed not only by drug contents but also by particle
size. Also, the biodegradation rate of PLGA nanoparticles prepared from DMF was faster than that
prepared from acetone, indicating that the biodegradation of PLGA nanoparticles is size—dependent.
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2 AFolAM =
AAE AMEEA] %431 PLGA WheSlARE Alzshs W
W o979 AR AMH-EE norfloxacin (NFx) &)
o8 WE S AWHEIA sgith £, oE A
DA ZAM ] TeA T oFE B, §9EE e F
YF PLGA Yyate] E¢ shatd dan AR
4 & o8 71A Flel os] ZARRSITH

-
TR

Al 2k Lactide®} glycolide H]7F 85:15, 75:25,
50:50%1 PLGA 3% &9k NFxZ ul= A|ZmpellA
T-9d8leich PLGA 85:15, 75:25, 50:509] H-AF4-2
olgfjell AAE R} ol GPCE F4T A 48400,
48500, 48070 ©]3itt. €vllZ3= Junsei Chemical Co.
ZHE 39038t dimethylformamide (DMF), dimethyl—
acetamide (DMAc), dimethylsulfoxide (DMSQ), ace—
tone FAgle] 1§ AoFE AMHgsHTh

Gel Permeation Chromatography(GPC) &3, PLGA
EREEe 1 mL/min® 38 £52 Waters Styragel™
HR1, HRZ2, HR4 AHE AFE-3lo] Waters 410 Di—
fferential Refractometer®} Z%st Waters LC sys—
temS 8 ZA3lodrt HF B dEAF polysty—
rene(PS)S EFEEHZ & I E AME-SHA

PLGA Ltc@lAte] MZ=et 242 S 2. PLGA
ez ARSAAE ARk T ARl oJs)
&3 o] Azspry. PLGA 20 mgs 4zhe] &)
10 mLeo &3iA1Zit) 11 s PEEAZE (MWCO)

5

~

i
°] 12000 g/molql FA ool Wi 3~4A17F 7b
2 ZR4E mABMEA 24A7 B4 T FF
it okEEYAE S OST Prh
PLGA 20 mgS ZZbe £+ 10 mLe)] &80
% 20 mgel NFxg #77la AZelA mEkAzl
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o} o] §& MWCOZ} 12000 g/molql FAjuloj
Wil 3~4A7 HE 0" SRSE wAshEA 24411
EX% 24 7z} ofF Eolekg =43ty 9
8l NFxol ¥%% PLGA WeSiAE vk &4t
AlZIT ZAIZE FoF WA £ 168 Bk 25
(sonication) AJZTh #HF §HE 208 F¢ 12000
X g2 Y4 EgA7n A5HdE UV spectropho—
tometer (Shimadzu UV 1201) & o]g3le] k& &
EE A8

PLGA Lt RiAte| EMHPED 4. bzt 3
B} scanning electron microscopy (SEM) (JEOL,
JSM—5400, Japan) ¢} transmission electron mi—
croscopy (TEM) (JEOL, JEM—-2000 FX-II, Japan)
& o] &slo] AT
spectroscopy (PCS) (Zetasizer 3000, Malvern In—
struments, England)& o183l &A1t A
SEM 45 {8l #4be G e=YAS graphite B9
of "ojmgly AZ Fo lon Sputter® o]&3}e]
gold/palladium®E 4% <2t 20 mAZ Y3 ¥
25 kv #EsIch 28l TEM £4-& 0.01%
phosphotungstic acidg F#3 24te Yuwdxs
copper gridell @ojrd & 80 kVE @t on
Y 42k A7+ 25 €, 633 nm (He—Ne laser
beam) 4] SsIGoH, 574 UEL TR A
ZE UxAE ofsix ¥ agzE 54 0}“5}
3 NFxo] 590% PLGA Yeglatel 294L w3
7} $s8led X-ray diffractometer® &33F9 1 X—
ray diffractogram Rigaku D/Max—1200 222 o]
231819 ™ Ni~filtered CuKa radiation (35 kV, 15
mA)E AHEEHSITh

n vitro M2 HEAHE. NFx7l 2d® PLGA }
=42 7 mgd whERYS 2SHUI71R 30% B
15 W2 2 mL phophate buffered saline (PBS, 0.1
M, pH 7.4) oA A7 FA gk gl o] &
AerE 100 mL Ble]AY ¥ 50 mL PBSE ¢

= 37 T, 100 rpm9] 455 WHAFIEA] W3
& APt ke s HAS] HEte &
g Az Ao WA medium (50 mL) & A=
SF] PBSE wAST NFx9 W% 558 =43}
71 93] 322 nmellA UV spectrophotometeri
FAdrch oFE e B9 &S = 2o 2

, 7171 photon correlation

o

Z2H  A268 A4z 20024 7€

3 Arraksich

(weight of remained drug in the nanooparticles)
(weight of remained drug in the nanoparticles + potymer weight)

x100

Loading content =

{amount of remained drug in the nanoparticles) <100

Loading efficiency = — -
(initial feeding amount of drug)

n vitro ol M| MEsHM ME. In vigrodl X AR
A AYEE Ao HEHEY 2 Z2heAM Ads
k. PLGA 50:50 20 mg& ¥7Fx] €9 (DMF,
acetone) 10 mLell Z}zZ} g&iA170 & MWCO7}
12000 g/molQ) $AMutol] W £F5E A7 59
BAAZIIL 2417 B9t 3~4A17F A ow = S
& wAsIth o] §4uE 200 mL Hlo)Ae] ¥u
100 mLe] PBS (0.1 M, pl 7.4)8 ¥& ¥ 100
rpm, 37 CeolA incubationA]7]3 incubationdl
T4 Y F¥2 PBSE wASic EAY 714
2 547 Aol 64 B SHFE 4%
T4 7ZXAA GPCE #A#+E S35t

r'r

4 o

2 AFdME AW AE AR ok T4
of o3 #HZ3H PLGA Yiedxte] Azl Qe
S &3, in vitro)X e NFxe W&E4A, 18ln
BEEAEE ot sttt o) aws )
st =3 EYEE 4 7R £ Algslo] A
HEGAE AHEsHA @z T4 8] PLGA
FRIAHE AZEAT ol g At BAMeRE
StolE 12} PCSE F3te] QIA=A7|E s,
TEM=} SEM%& F3te] i=te] dejs #daigic)
DMF#Z #lx® PLGA 85:15 (a), 75:25 (b),
50:50 () YxglAxke] TEM AMA (Figure 1)
DMSOZ #HZ% PLGA 50:50 -9z} (Figure 2
(@)% DMAcZ #lx¥® PLGA 50:50 vh=gi=t
(Figure 2 (b)) TEM AFE Figure 13 2¢ U
ERIGITE B3 DM (a) S} acetone (b) 0% #A|2¥
PLGA 50:502] SEMAFIS- Figure 3o Yehigich
Figure 1~3e4] & 4 Ql50] PLGA Yxdzh=
A A L FIAAE AR g B 9
;A HA AxgE &4 4 AN SEM AR S 23t

R = =1
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Figure 1. TEM of PLGA 85:15 (a), 75:25 (b), 50:50 (c) nanoparticles prepared from DMF (bar=100 nm) as an

initial solvent.

Figure 2. TEM of PLGA 50 : 50 nanoparticles
prepared from DMSO (a) and DMAc (b) (bar=100
nm) as an initial solvent.
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(b)

Figure 3. SEM of PLGA 50 : 50 nanoparticles
prepared from acetone (a) and DMF (b) as an initial
solvent.

o] DMF (Figure 2 (a)) 2 #Z¥ PLGA YA +=
200~400 nme)W 1YL & F 3133 ol TEMY
AfzE ¢4 F Yok T8 YrdaAE Az
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AMBAA S 2314 9= Poly (DL—lactide—co—glycolide) WA=

9% 8 Z acetone (Figure 2 (b))& AME3E
e]zt=7)E 500~1000 nmZE F718k3laL o] &
S wu it} o9} 7ol acetonelE Az
227)7F 27 e AL Guflel Wist mRAke
w ze), gvlleh wEALY] HE, §Ho} Ee
g% polst FE thst £ HEE A 7
Zlo7 rtgEth

Table 13} 2% PLGA YxAe] dxt=719 &
FeA =4H AHEE & & PLGA YieflAr
FHE NFx 5U%S Uebd Zlolth olEcs
Azg PLGA YAt A7le o &9 A
o AdFez Zlew DMAc, DMSO, DMFE Al
238 PLGA e ate otAlEL R AZEH[E Wi
o F FYich AMSEAE AR e o
TdAke] o Bl 7l AR ZEoh A
Ao g Wolt) ol AFA HEQl NFxo| 78t &
A} (NFx&] £3lk= 25 C &l s 0.28 mg/mL)
wx] ek £ulE AAE] f HF LW Al
gk s 7 0l Ak Aem ARt

[e]
T,
L?L

LLI‘XQF—?L'OE
rstrloloromz

m A mlo 4

Table 1. Effect of Various Initial Solvents on the
Particle Size Distribution of PLGA Nanoparticles

PLGA used initial particle size (nm)
solvent  intensity average volume average number average

50:50  DMSO 236511481  2481%232.9 1956%1129
185.8£35.6 185.8+68.8 183.0£70.6

- (80.8%) (52.4%) (95.0%)
o050 DMF 516.5%97.7 480511956  471.21183.0

(19.2%) (47.6%) (5.0%)
50:50  DMAc 304.2£129.1  322.8%1816 3064%178.2
50:50 acetone  634.0%2635  679.713338 663713427
75:25  DMF 241011165  246.5%121.7  242.7+97.7
85:15 DMF 287711095 30741578 287511476

Table 2. NFx Loading Contents and Loading
Efficiency

used initial ~ drug contents

PLGA loading efficiency (wt%)

solvent (Wt%)
50:50 DMSO 7.7 8.4
50:50 DMF 9.7 10.8
50:50 DMAc 130 14.9
50:50 acetone 7.7 8.4
75:25 DMF 10.8 12.0
85:15 DMF 12.2 13.9
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Figure 4. X—ray diffractometler patterns of PLGA
50:50 nanoparticles. NFx, PLGA nanoparticles (empty),
NFx loaded PLGA nanoparticles (drug loading
4.2 wt%), NFx loaded PLGA nanoparticles
(drug loading contents : 9.6 wt%), and physical
mixture of NFx/empty PLGA nanoparticles (weight
ratio of NFx/polymer=1/10), respectively.
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Figure 5. NFx release from PLGA nanoparticles
against initial solvents (a) and copolymer com-—
position (b).
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PLGA Y=x9lzke] #als ¥4, lactide/glycolide
v, YAk o 9 EEZX], Azxda ARdad A
Soll HEgg deth 27)2 ExMEe] 48070 oj3le
U 109 #A#}F DMFE Azd Y=gzt 40000,
2 AR YA 414000.F ABES) 7}

[e]
PP L & 5 Afen oHESE Az 2

Z2lH A26d Al4E 20029 7€

Table 3. In Vitro Biodegradation of PLGA 50:50
Nanoparticles against Initial Solvent

DM

: . S _acetone
(I(Ef) u degradation I degradation
Y "’ ratio (%) o ratio (%)
0 48070 0 48070 0
3 46240 3.8 47400 14
5 41030 14.6 46700 2.9
10 40000 16.8 41400 139
17 35900 25.3 38150 20.6
19 35530 26.1 37900 21.2
30 28140 415 30000 37.6
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