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2 o NS o] g5t AHEGAS AME-SHA] ¢ poly (DL—lactide—co—glycolide) (PLGA)
Y QIAbE Azt vekst vl M gzt a7, O P ARdE 5 22 £ - 5E
bS]

2 EAS ZAVSFSITE Dimethylacetamide (DMAc), dimethylformamide (DMF), dimethylsul—
foxide (DMSO) & A|ZH PLGA Y=qi#ke] A7)+ acetoneS & A|Zsh Japrct Atk F3,
oFE a2 DMAc>DMF >DMSO=acetone =A%tk PLGA Yir$AH= scanning electron
microscopy (SEM) 3} transmission electron microscopy (TEM) 2] S0 7 T892 < 4= 9]
Atk AMEHAE AFESHA] ¢kE UedRbel BY¥ norfloxacin (NFx)& X—ray diffraction &
Ag Foto] QiAF mHe RS VA e F2 oFE w8 282 VS ¢ & Stk BEek
22 AME NFxS WESEs ofE et ol ixt=7]ef o& 9"k 3 PLGA
egiRbe] FejEEE obllERTHE DMEFE ARSIYlS ® o mEr o= PLGA Yi=ydAke] A
AN E AT FeEthE RS & 5 ST

ABSTRACT : We have prepared the surfactant—free 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 solvent. 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.

Keywords : poly(DL-lactide-co-glycolide), surfactant-free nanopartides, dialysis method, norfloxacin, biodegradation.
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2 AFelAM = oy 7HA] e ARgste]l AWE
AAE AHEEIA 931 PLGA WA e Alxshs i
3 7Y XBAR AMEEHE norfloxacin (NFx) 9]
ok W %S AvME A s 3 oE A
A ZA G T ok U™, BUEE, oOFE B
4+ PLGA w=SiAe] =2 382 A Al
4 & oel 7R &flel s Z=AkskiTh

4

Al 2ef. Lactide®} glycolide H]7} 85:15, 75:25,
50:50%1 PLGA FF A9} NFx2 W= Al Z1wlol| A
TAaATE PLGA 85:15, 75:25, 50:509] A&
ofgfjell AAlE A} o] GPCE F4e A 48400,
48500, 48070 o]3lt}. £1]2+= Junsei Chemical Co.
2HE T3 dimethylformamide (DMF), dimethyl—
acetamide (DMAc), dimethylsulfoxide (DMSO), ace—
tones Aol 15 AlokE AHE-SFSIT

Gel Permeation Chromatography(GPC) =7&. PLGA
BEAEES- 1 ml/ming 38 £5 2 Waters Styragel™
HR1, HR2, HR4 ZHS AMHE-3Fe] Waters 410 Di—
fferential Refractometer$} Z3%13F Waters LC sys—
temO 2 FAIATE [ FARRS TEA polysty—
rene(PS) & ZFEALR & A& AHE-sF3lth

PLGA Li=lAte| H|z=et okE =S¢l . PLGA

A AAGAIE ARSI ¢kal FAT el 23
th3k 2ol AF3IATE PLGA 20 mge 22 &)
10 mLell gajAIth 2 &ods B8R (MWCO)
©] 12000 g/molQl F2iute] Wil
2 TRTE nASHEA 2403 F
stk kel AE S vt 2k

PLGA 20 mge Z7+e] &wl 10 mLel §3ir

% 20 mgd NFxS H7MA7)|1 Aox mrkx

7

A0
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MWCO7} 12000 g/moldl FA]gto]

ARG A S AFE3FA] ¢ Poly (DL—lactide— co—glycolide) Y= AFZHE 2] Norfloxacin WE3 A& EA4
s AT,
L cading content = (weight of remained drug in the nanooparticles) %100

o D
93 3-4A7 AR FRGE TASUA 24417
=4

]

(sonication) AT #HF &84S 208 &< 12000
X g7 QA FEr7]a A59S UV spectropho—
tometer (Shimadzu UV 1201) & ©]&38t] <& -
55 S5k

PLGA Lt@lXte| EMHIED S, Yzt ¥
Bl scanning electron microscopy (SEM) (JEOL,
JSM—5400, Japan)$} transmission electron mi—
croscopy (TEM) (JEOL, JEM—2000 FX—II, Japan)
S o]g3to] A 31, A7)+ photon correlation
spectroscopy (PCS) (Zetasizer 3000, Malvern In—
struments, England)& ©]8-3le] 433t WA
SEM 4% fall #A4td Y= AE graphite ¥4
o] "ojrte]yr 1% Fof Jon SputterE ©]-&3}o]
gold/palladium©. 2 4% &<k 20 mAZ Y &
25 kVE #Esle 18al TEM 542 0.01%
phosphotungstic acide &3 A Y2 &
copper gride] "Hojrmdl & 80 kVE 3 on
U 1xke] A7) 25 T, 633 nm (He—Ne laser
beam) oAl SA3IoH, 54 HES FARCE A
28 e SIRE ok gal adiE SAsIth
TE3F NFxo] £91% PLGA Weslzke] A4 4s]
71 $18ted X-ray diffractometergs S0 X—
ray diffractogram< Rigaku D/Max—1200 R22-S- o]
43191 2 Ni—filtered CuKa radiation (35 kV, 15
mA) & A3t

In vitro OlM2| BHEAIS. NFx7} 291% PLGA 4
=92 7 mge vERS] 2S3)7]1E 30% <t
15 W= 2 mL phophate buffered saline (PBS, 0.1
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o2 37 C, 100 rpm? 52 wHA7|EA W52
1S AT o8] x3E WA ] flste] &
A Azt A0 A medium (50 mL)& AZ
o] PBSE wAgtth. NFx9] W& s58 543t
1 $3Fe] 322 nmollA] UV spectrophotometer®
gk o A B 585 ta 2l 9

o o

ot ox, not
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(weight of remained drug in the nanoparticles+ polymer weight)

(amount of remained drugin the nanoparticles)
(initial feeding amount of drug)

Loading efficiency = x100

In vitro olMe| MEsHA ME. In vitroollA A
4 AFEL 99 wEART 2 2] sl
t}. PLGA 50:50 20 mgg 74 &9 (DMF,
acetone) 10 mLel ZtZt &alA1Zl & MWCO7F
12000 g/molQl FA o] YW1 FHF2 3A7F &<
FAAZ]AL 24413 FQE 3~4AZF AR FRF
& wAlEeh o] FAERE 200 mL Hlo]Ael ¥
100 mL¢ PBS (0.1 M, pH 7.4)E ¥ % 100
rpm, 37 TColA incubationA]7]1l incubationdli=
Zob vl FaFo] PBSE wAISTE 54U 40
2 FAS 7o} 6AIRF B¢ SRTE T

%A 7A%2AA GPCE BA%S =43k

=

\

Znt 5 nE

B AT AUBGAE AMHEA Yl A
of odl AzZst PLGA W=§lzke] Alzell lofA
|me] &3}, in vitrodl A e NFxe W&EA, J81
AR dotrua siqlck gwlel ans Hrt
stuat E3 915 ofg 7 & ARE-ske] Al
WA A S ALEeA] ok FAW e 9&] PLGA
LA Axsgith olel st Yeglztke] Ao R-E
ot 1z} PCSE Fotol dA7IE A3,
TEM¥ SEM< &sto] 92t FelE Adstqict

DMF® A%x® PLGA 85:15 (a), 75:25 (b),
50:50 (¢) Yx=dAke] TEM AR (Figure 1)}
DMSOZ A|z¥® PLGA 50:50 Y%A+ (Figure 2
(@)9 DMAcE Ax¥ PLGA 50:50 u=81at
(Figure 2 (b))% TEM A& Figure 13} 29] 1}
BRIt} =3 DMF (a) 9} acetone (b) 0.2 AlZH
PLGA 50:502] SEMAFIE Figure 39 YR ST

Figure 1~3°14 & & 91%°] PLGA Wx=§iAt=
AR GA g} FEAE AHESHA daE FA el 9
A GA AxEE & F UNTE SEM ARRIE Fst
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(a) (b) (c)

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

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

solvent.
(b) .
1 =z 10 A
Figure 2. TEM of PLGA 50 : 50 nanoparticles -1 DMI (Figure 2 (a)) & #1251 PLGA sl
prepared from DMSO (a) and DMAc (b) (bar=100 200~400 nme|# 789& & 4= UL o= TEMS
nm) as an initial solvent. Az zr o 4 9ok 7Y U= A%l
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ARG A S AFE3FA] ¢ Poly (DL—lactide— co—glycolide) Y= AFZHE 2] Norfloxacin WE3 A& EA4

23t M2 acetone (Figure 2 (b)) & AFESH ¢
8JA=71= 500~1000 nmE ZF7Felglar o] Wt
e wa A o]et o] acetonel®E AFH
2k32717F Zpe)7h v A2 gl oigh 1At
i zpo], guje} mEAS Hw gujol Eujo]
3% Apole} T theFel Ee 818k A4 ]l
Zo g Atz

Table 17} 2i= PLGA Wx=SQ1#ke] 4==71¢ &
FEA =T AMEE gl e PLGA Wedzt
ZHES] NFx 5% vebd Zolt} opyEeR
Azd PLGA Yxgizte] 7] o &l 4=k
Bt Atdew 7191 DMAc, DMSO, DMFZ #)|
%23 PLGA Y A= olAEC R A|Z2E9S wr
th F9 FYslch AMIBPAE AFEEHA] g
QA oFE B v A gd Auck A
aoR Wlth o= AP oFEQl NFxo] 43t &5
A (NFx9] gl 25 C Zof i8] 0.28 mg/mL)&
m=] okeka gHlE AAS] 3 UF W ARk

b TS L ok Sl Ble® AfgEnh &

Ml oo 0

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

used initial particle size (nm)
PLGA ; ;
solvent  intensity average volume average number average
50:50  DMSO 236511481  248.1%2329 195611129
185.8£35.6 185.8168.8 183.0£70.6
. (80.8%) (52.4%) (95.0%)
050 DMF gipsior7 480541956  471.2£1830
(19.2%) (47.6%) (5.0%)
50:50 DMAc 304.2+129.1  3228+1816 306.4+178.2
50:50 acetone  634.0£263.5  679.7£333.8  663.7£342.7
75:25 DMF 24101165 246511217 24271977
85:15  DMF 287.7£109.5  307.4%1578  287.5£147.6

Table 2. NFx Loading Contents and Loading
Efficiency

used initial  drug contents

PLGA solvent (wt%) loading efficiency (wt%)
50:50 DMSO 717 8.4
50:50 DMF 9.7 10.8
50:50 DMAc 13.0 149
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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5.0
oFE T
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Figure 4+ NFx°] &€ PLGA t={liAke}
NFx 2219} NFxo] B9%7A 92 PLGA Y%
7t (empty PLGA Y=ixh & Egjdos &3+t A
< "8 X-ray 34 scans®|t}. NFxE Z274g4do]
- & oFEolr PLGAYE AAAo] Wi e 1
watoltt, & EEA] EFAdAA AskA v
NFx& =7} NFx¢] 5% Yiedzdelsds A
o YelA] o= Ao 7 Hol NFxo] AfjolA] &
AFHE EATE & g doH AUSEAE A
3] G E Ve§AE FAE oFEo] Wizt
zZ BEe As & 5 Ak ©l= Span series,
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PLGA YA Al A2y} 712 ofE ddaz
AREGAE AHEHA] &= PLGA YegiAke] 7hs
& RAFLL
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Figure 4. X-ray diffractometer patterns of PLGA
50:50 nanoparticles. NFx, PLGA nanoparticles (empty),
NFx loaded PLGA nanoparticles (drug loading
contents : 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), re spectively.
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Figure 5. NFx release from PLGA nanoparticles
against initial solvents (a) and copolymer com—
position (b).
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AR GAA S ALg3FA] &= Poly (DL—lactide —co—glycolide) Y= AZHE] 2] Norfloxacin W&} A3
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ZAE T3 24298 & Yk 1
. oESRE A|x® PLGA WrUAZHE
WE&27F DMACE AxH Axth 22X %
w o]z ofESE WHE Z¥ DMAcCE YHE
PLGA =9i&ke] 1xk=17] z}o]7} DMFL DMSO
2 e ARt Ao g 2] mife 7)elsk= A
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Ao7 AR¥EL & DMAcE Ax® PLGA Y
2] ke FfEko] oMlESRE AZIlS wWHch
Addos g9 o9 T2 ARz AUBAAAE A
§3H4 %E PLGA YRR FE Q] oFEES of
= o] A Aok UA s W 1 YAk A
7|Zpolel o] £t 2HES o 7 Ut 18
ok FHyro] A ztol7t dull= PLGA vieSd
28] okE WESEE Ao YAar|EHkE oF
2 Rkl odl AuiEE AeE ALERHALh Ay
2 g Ao oFE #Ake] FAke] Ao
OFE % & S olle
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[0 mu L Ip

wEAE O 2 Table 3 in vitro “F°lA PLGA 50:50
iz AREd S S Adolrh gudow
PLGA YW={IA1e] 238l w4, lactide/glycolide
Hl, dAFe] o 9 BEZ A, A AdE/gA
ol Qs etk 2719 Aol 48070 <l
109 A¥% DMFZ Alx3st Yw=dA+= 40000,
oMo E AZxsE YA = 4140002 a7t

APEREE & F Ao opEe R AxT 2
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Table 3. In Vitro Biodegradation of PLGA 50:50
Nanoparticles against Initial Solvent

fime DMI*:1 g aceto;e .
egradation egradation

(day) M ratio (%) M ratio (%)
0 48070 0 48070 0

3 46240 3.8 47400 1.4

5 41030 14.6 46700 2.9

10 40000 16.8 41400 13.9
17 35900 25.3 38150 20.6

19 35530 26.1 37900 21.2
30 28140 41.5 30000 37.6

HUHs DMF® A3 vaegixke] s 837k o
7107 Wol AREA w3t JAT 7)o FgS vt

= Row Algd

Ao okEWE XL Aol AGE WA
Aol shoba A, ok W6, AHEE B, el
Ao Z7)el o8] Pep 2o% Abeh

z =

ARG AE AHEsHA] ¢ PLGA Yayias F
Aol oal] thekst gulE ARgSte] A|lxsHloH
€9 E8)3tets gde ZARFITE DMAc, DMF,
DMSOZ #|Z% PLGA YA} A7|= oHlECR
Azd ARG Fdeh FSTAE L8217 9
3 AHEE gule vheiRte] Z7)9b oFEFHRE
A GEFE vA= A4S & 5 ATE PLGA Y=
YUA= SEM# TEMS SAHe4 T89S & 5 3
Ak X-ray 3|8 A BH o2 AUGIAE A
|3t %= PLGA Wx§iapt oFE dEAZA <]
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