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Pluronic F127-& &3t poly( e -caprolacton) / ethyl cellulose (PCL/EC) PIo]AZE &S SFAZHOZE AZsISHh 20%
(Wi)9] pluronic F127 4805 02, 5% (wiw)2] PCL/ECO] Fol9le YEZ Zv|gk(dichloromethane)S 7102
o] &3] water-in-oil (W/O) A'HAE AN, o) EFxste] nfo]az as dojd 5= vk FARIAA A
I} Q=AY E BAS Ay, § vlo|ARRE 4] nlo]AR A7)0 wlo] AR o] S FRIEHICE ARSAIEHS
72 mpo| A2 o] Ao L5 ARG i), vlo] A7 e AR Al AREE 1EAES] o] 27t #EE
npo] A7 AEo] &k o WE 5ALS 30~45 Colx T om, =84 52 fluorescein isothiocyanate-dextran
(FITC-dextran)¥} blue dextrans WERAA|eko 2 Gt 57t S71e45 nlo|a8 P&z RE WEHE do] 7t
stlom, WERgA ekl Ealgo] 255 ] Wol WEEH I

Poly(e-caprolacton)/ethyl cellulose (PCL/EC) microcapsules containing pluronic F127 were prepared by a spray drying method.
The aqueous phase, 20% of pluronic F127 was dissolved in distilled water, and the organic phase, 5% of PCL and EC were
dissolved in dichloromethane. The microcapsules were obtained by spray drying the water-in-oil (W/O) emulsion. According
to the data of scanning electron microscopy and particle analyzer, tens of micro size microcapsules were observed. On a
differential scanning calorimeter, the phase transition temperatures of microcapsules were observed and they were found
around those of pluronic F127 and poly(e-caprolacton), which were the main components of the microcapsules. At the range
of 30~45 C, temperature-dependent release properties were investigated using fluorescein isothicyanate-dextran (FITC-
dextran) and blue dextran as a model drug. When the temperature was increased, the degree of release of microcapsule was
also increased. FITC-dextran, the relative low molecular weight, was more released than blue-dextran.
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1. M =

SFE A A(DDS, drug delivery systems)= k&S UeER= 24
T oFES dshe FHE Adste], FAE- o)1 1 As
S8} sele 58S 7w 47l VisR goH) o]t o
A A L] 710 5 thEAQ! Flo] A|oWHE(controlled release) 3| A1©]
oh 27] AUEAA A7) HEE 3 MO FoJE okaE oW A
b A&, B Fo] Al Al Re] oFE R QI Fag-g Folul
PR HA 9 okasEE Ak ot Zevt A< Ao
WEAA A oo vl o+ o 1EslE s Adsie JElE

T WAIA A} (e-mail: jinkim@kangwon.ac.kr)
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S HXZ 37l Y= AlRreNt oS WEshe Al¥(program)©]
A ALEA A st A57F s o]Folx 1 gl pH
[12]4F =5[3,4]9 22 57 9 A=l Qe ool W&ol Ao
= A= (stimuli-sensitive) ¥WHEA|AI7F 324 o]t

1 % A=l g3 WEe] AlojE s =17 d(temperature-
sensitive) FEAGAAE 7P Wol ATE L Q= okt %11
A FEAGAA AMEEE tiRAQ] uake o] o}
Aol =(PNIPAM, Poly(N-isopropylacrylamide))©]t}l. PNIPAM->
A DA 23| (LCST : lower critical solution temperature) 52 L+
Bl thEAQl 1EAbR, SHRE(GB2 C) oldtelMe w2 &3l
& Holtpr} 11 oido] HH gaio] o] et olFoAE &
g 7L itk o]#f st PNIPAMS] 47 5445 ]85}, PNIPAM
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= 2k IR WEY] 2EAR o] 89k BEH(5), el HI=
[7], 283l sfol=ZA8]el thst A7t Wol 4= §irt

EF2Y(pluronic) HEFF 2ERITA oFEAGA A AREHIL 9
th. 71 % pluronic F127:& ZE]o|" LA =(PEO : polyethylene oxide)-
Z2Z 2 A-SAL] =(PPO : poly propylene oxide)-Z 2] ol & #ll-2-A}o]
Eo] AAEYFF A (triblock copolymer)Z[9] 16% ©]/3e] 48N
T wf] 2% °JE%(temperature-dependent) -7 7©](sol-gel transi-
tion) P& LFERATH10]. B A S 7HA 1 3lo] A1, ¥l
ZH12], /H13] 9] ARE FedgS shedl Wol S8+ St
SHAIWE pluronic F127 A2 F7dollA 7] Eb7d3s]7] wjiol 22
S FolnA et 7ha AE AlEshe AT=0] FHEA
th14,15].

ulo] A& A& (microcapsules) 1000 pum ©13}8] F7|5 Zh= ulA|
st Z17)9) e, o7 4F RS Aeskete] oJokE, 3%
%, 2% 4 7IE o] Fopel gol &gy gtk nlo]aE Hed
ol o R Axd o e, 11 5 s % (spray drying)
o] it} EFAXHL He] A7} HE 2o Holgle £l
ulAl NA(droplety S BF FOE Wato] whEA Ao ZH
oA ® ES dE PHOE, WARE Yol B2 rlo]laR Hes
D& T Aol APAeE de o] gH 1 e rlolaE HaE A
Holr}, Egk BT &9 oo ® o dH(emulsion)?} 2
HEPhS 27 dxsto] mlo|a 2 P&as A2 5 UrHie). Hlol=a
2 e AT 7 e AsEddde o] 77 glom, = 1
Eap @ol ARgE 1 Qlth 1 T EIME 2 EE(PCL, polycapro-
lacton)> AJE3d 2 AAAES 7 2RAR, A DA (drug
carrier) 3 F# 388 2| 4] A|(scaffold)Z Zo] A% 31 T 17-20].
I D AZ R © EC, ethyl cellulose)= AFAAl] da] EA5h= A
EEA Y e IRAR nlo|IE Ped EF %S X
ofg] Lofel|A Eo] AHgEE EFo|vh21-23].

£ AtellAE PCLY ECE W Al(shell materials)E 3tal, u]F-c]
pluronic F127& 7HA= vlo]A2 Es w2 ORE Azt H,
ol A& A7), FHgHA 54 W GF Sl #eto] A+-eGiTth
ok 84 9521 blue-dextran} FITC-dextrans FEA|eFO 2 7Y
alste] 25 M WEA Tl wete] skt

Lo

2. A

2.1. M2 Y A

Pluronic F127 (MW 12600), ethyl cellulose (EC, Ethoxyl content 48%)
sorbitan monooleate (Span 80), blue dextran (MW 2000000), ~712]il
fluorescein isothiocyanate-dextran (FITC-dextran, MW 250000)->-
Sigma Co., Ltd (St. Louis, USA)°llA T-J&F3ict.

Poly(vinyl alcohol) (PVA, MW 27000)<> Fluka Co., Ltd (Buchs,
Switzerland) A T3+ 3L, poly(e-caprolacton) (PCL, MW 40000)
< Wako Co., Ltd (Osaka, Japan)®] A& AME-3ISITE A ¥l AME-
H BE AJeFE2 AlokH(reagent grade) ©1/de] A& AMESISITE

2.2. W/O Of|EHe| M= H oFgd Eot

W/O o' (water-in-oil emulsion)S A|Z3}7] $8t 5~ (aqueous
phase) ©-Z = 20% (w/v)2] pluronic 8NS5 AMESIITE mlo|F= 7Y
&9 WEASS S5 9% maN ko2 284 AF blue

dextran (MW 2000000) S+ 3% 99521 FITC-dextran (MW 250000)

n

2 633

S el tiste] 247} 4%, 0.2%% o Fdrjeke] Fxjekd wE
WEF] atolg FAekaAt skGlth f-d(organic phase) S %= wlo]
a7 A& ¥R ECEF PCLE 5% (whv)2 SEE 59 IR
| EH(dichloromethane) & A28} 01, o] w] EC®} PCLY] B]&-2 3.3
17 (wiw) 2. & SHlth WO oddS the i 2 W o A %3t
Sk 3 el Fu vje2 1122 5193, F-3HAl(emulsifier)
21 span 80= 7ol theted 04% (whv) == AMESFSloH, &
7](homogenizer, DIAX 900, Germany)E ©]-8-3}%] 8000 rpmeilA] 10
min?t 7SS AR odd ] AFY) % FxE ) Fst
g ARRIS GAHEA]7)(Image-Pro Plus 5.1, MediaCybernetics,
USA)Z 4318l oldd Az A5 7 Al A3 & 9% #%
5 77 Ego RN dqEAe S Hrkskith

23. 2RAXHE 0|88 OO[E HE M=

W/O oS EFAZX7|(BUCHI B-290, Switzerland)® #% 71
Zsto] mlo| AR P& ALY tEZZA e 40 T #E=H
S 7FA 3L, PCLE 60 T2 S+ §4E& 7HA7] wliel 1725 (inlet
temperature)= 50 C= ATt 5% E(aspiration)= 90%, H-3
(pumping)Z 15% (7% 1.0 mL/min)E 8tk Alx3 w/o o|ddL
W Axete] mlo]aE faS AlFSh=dl 100 ming] AlRto] AQE
it} ddojn mlo]a® A AZX L E0 C)ollA AME F<t Axs})
AT

o

24. 00|32 Yo S2EFEE S43]

Az vio]|AZ &S metal stubol]l S2F, Fo7 FAYI §
FE-SEMO = ulo] 32 &2] e|sta] 548 73l th(Jeol JSM-
840A, Japan). F7] X+ =4 7|(Mastersizer 2000, Malvern
Instruments Ltd, UK)E ©]g35to] S35 c) vlo]a =z &2 44
B2 AASAFLE 557 7 (differential scanning calorimeter, TA instru-
ments DSC 2910, USA)Z S7d3F3Ith 10 mg®] A &S &7 W
o] ¥a1 5 CT/min®) £EZ, 20~100 C Bl 44 54& 43t

FiLe

2.5. 00|32 #E9 2= 2o/EXN WEHS 4

0.4 mgel 1x¥ wlolaz H&ES Z42E30 C, 35 T, 45 T 30
mL 2 QeEEE-HPBS, pH 7.4)0 AR T, A wHkalE whk
staA W AES st dPAIRE HFoE 1 mLe] ¢
A& AFste] WEFS SR, Wiz AHE wuict 5D %<
S SIt}. Blue dextran®] W& 2|9 X/
6
oM FFE=E
dextran®] W& 4 4 FTA(HITACHI F-2500)5 ©]-8319]
o]7] 9} (excitation wavelength)S 495 nm% A743k] 520 nm
(emission wavelength)ollA] 34 S & HF=rA 3 v wslo]

s

w

. dat 3 oE
3.1. WO Of|ZMe| Zsisin|d 2 2 oYM =3
Figure 1< W/O ol'ddS 400819 ol 94 Jsldv oz
ek Aot} ARel|A] Bl uhe} o], span 80 ©]E3le] 4
uto]lAze] A5 7HE WO EAdE A3 oE Axd 5 AU
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Figure 1. Stability of emulsion; (a) Initial emulsion, (b) After 2h
emulsion.

CHFigure 1A). Span 80> XAl &A1= HLB (Hydrophilic
Lipophlic Balance)#te] 4.3017] wl&oll W/O 44 Az Al A4
T 9l tEEQ AdEd Aol dwtd o w/o HAS Axst
7] S131A= HLB @kl 3~6 AlolRl AMBAAIE Al Ag-afiok
sh= ZAo® Biw il gloh24] Axst o ddS 2 h &<t Aol %

ek & G Fekdn|Fow oA RSt A, Al 2] A

s} mRTAE 4 mlo]3 7 3719] o g Ho] §AH 1 9es BF
& = Q)9 (Figure 1B). SFAITF SQMY0 2= A|7ko] W Qg A<l
zFo] AL AHEE 271 9lo] T ol'd Ao gk | ARKS gAHEA]

7|2 BAalo] oHAe] 7| HES A CKFigure 2). 7L A3k,
Az AFe] oHAe] F71+= 0.8~2.0 ume] HelA FE3kT

Ak 2 hg X3 oHA2] 7] 0.8~3.2 um W oA B3
ok = ek WE AHAY HE 477 1 ~2 um7 1 Fo)E)
}9311‘1 2 ho] Ak Fol| = o] d3s] &= wlo] A= F7]9] odAd
o] AL Ql= Zlolth 2 h o]F2] odd g el HsiA] &
TollM = E]'TX] AA Rk, mlo] T M A F A] offdAe] BT
FAIZEE 100 minC.Z, 2 h oo BHAZE 24531 7] wfjiof
TAZE o AIRE B3 oldAde] By HE | gle
2 A}g‘ﬂ_v}.
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i

S
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=
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3.2, FARIAEOIZS 0123 Njo|A= Mae| Hefsix A
Figure 3= W/O oddS #5 71338k %38 pluronic F127 3
% PCL/EC wlo]la = 2] FAAAFER]A(SEM) AFlolth 2~20

29318t w20 A H 6 =, 2009

8
I |nitial emulsion

6 F [ After 2h emulsion
&
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Figure 2. Size distribution of emulsion. The range of size (um) A :
081, B:1-12,C:12-14, D : 14-1.6, E : 1.6-1.8, F : 1.8-2.0, G
:2.0-22,H:22-24,1:24-2.6,J:26-28, K: 28-3.0, L : 3.0-3.2.

KWNUCL WD19 .3mm 15.0kV x2 .0k

20-Jan-09

20-Jan-09% KWNUCL WD19.4mm 15.0kV x5.0k

Figure 3. SEM photos of microcapsules prepared by spray-dry.

um? F7)E 7HAE vpo] A7 A4S WO odde] ERAXE E
3 A o® AT 5 °‘9;1T‘4(F1gure 3A). o] nlo]AE 4

o] 2~5 um 715 7 e vlolaR P& 2717 WO
A9 A7)el| o)&A, = W/O odHo] fAH AHE B5 1127} &
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Figure 4. Size distribution of microcapsule.

71 wiZoltk ARl A A (aggregation) & PrO|AE AEo]
2= NS BRAZAY AA(droplet)e] F7)7F odAo| vlal =
7] giitolth B5 Ax Al 2%t 60 Col7] wliel tE ==y
e AAHAR B2 AAEA] dob Bz & 358 vlo|aw
NES BS st ok spAINE o] o Az QB A o] €3 2
5o wlo]a® AL W(core)oll AW =o| AAHHA
npo] g2 N&2] ko] F&(spherical shape)oll X #1817 e
(crushed shape)® HIFEHUE Flojgt o AZItK(Figure 3B).

3.3. Y=2MIIE 0|86t oo|3Z &S| FIIEE Al

Figure 4= W/O o9& £F 713310 oI pluronic F127 EHF
PCL/EC T}o] a2 &0 A7 EES JEEAIS o] gdlo] 23
AFfolt}, YA 7)o #4147} wlo] 32 ES 0~1000 pum 7]
Helell A 22skar 910, 350 pmellA 74 Wol sk U3l
SHARE FAPAAFE R ARRAFC 25 2~20 pm F7]9) vlo] A2 7
gro] wo] WAEKFigure 3). VlolAE o] QIEREA Aip=
FARAFAW T AR el Rl Atel A xjo)7) bk o] $
YA r]e] FEEE T A e AdE HofErh A HAR 2
Al A] A3 vlol A7 W& A7)7F FUSHA] @k thkst A7)
XS 7t T RAR FARRRER A ARl BeiFE ule)
Zo] wlo]32 Nage] g7t BAUE R SAE] "zl
UERA717F & AR A4 Aoz AZtEtKFigure 3A).

34. FANRILZZAYS S5 00132 WHE2| 2N =4 2E

Figure 5+ pluronic F127& $H1$F PCL/EC Plo| A2 F& ), WA
TEAES 97 EAE 20~100 T 2% HSjolM FAAAGHE
27|(DSC)E olg3stel st Aoty e XEFSHHA =
pluronic F1272] 3] =I(peak)(a)t 57 CellA, PCL2] 3] =(b)x= 59 Cell
Al FEETE T ¥a 2 3R] dolsEr)e kel sidst
= AoA] #aE Aoltk ECE -4 @(amorphous) TEAF0]7] v
off 327} JERA] oot vlolA R <] 93 55~61 T AkO]
oA T N7} Bt F 913= 212} pluronic F12732F PCLe] 3l

2 635

I

<«— End
<

(a) Pluronic F127 (b) PCL
(c) EC (d) Microcapsules

0 20 40 60 80 100 120

Temperature (C)

Figure 5. Thermograms of Pluronic F127 (a), PCL (b), EC (c), and
microcapsules (d).

100
—e— 30T
—o— 50
80 | —w— 45T
< 60 f
< 40}
[=7
20 }
0 [ A Il 'l A
0 2 4 6

Time (h)
Figure 6. Release of blue-dextran from Pluronic F127-containing
microcapsules at 30 (@), 35 (O), 45 (V) TC.

Pk T3l Zor oA wlolax el dF 5A¢dA
pluronic F127¢] 37} Y= 212, pluronic F127°] EC/PCL 7}o]
AZ g Uiel Aoz x3HY &S vehle Flolth &
3t pluronic F127% PCL ¥ =2] A7]|(HZ])7} vls=sHA] Lebt=d),
olF T3l wlolaZ e T AIFES pluronic F127°] 2|3}
I ks AE d T ATk

3.5. O3 el 25 oFENM YE HE

Figure 6= pluronic F127 &3t PCL/EC vlo|a & &S] &%

of] w2 blue dextran (MW 2000000) &5 LERH Zlolt) ulo]
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Figure 7. Release of blue-dextran from microcapsules containing no
Pluronic F127 at 30 (@), 35 (O), 45 (V) TC.

A7 AES BE AY2E HEelA 2 h gkl ek 5= e =5
&4 WEATS BT HERGITE 30 CollA] mlo]a=2 e 30
min 52t 52%2] blue dextrans WE313 1 O] FHE|= WETo| &5

O

7¥sHA] ekttt 35 ColA] mle]22 &S 30 min F<9F 55%2] blue
dextrans WE313 21, 2 h o] WEFo] 2F T7181] 61%
°] blue dextrans WE3I3IT) 45 CTollA vlo]aZ &S A 30
min 5<F 50%2] blue dextrans WE3FR 2™, 2 h A Fol= 67%
7F ESHIAL T o) F R WEH] Tk 48kt 6 h A &
pluronic F1272 -3t vlo]a 2 &2 HE WEF blue dextran?)
k2 30 CollA 52%, 35 CollA 61%, 18]1l 45 ColME 66% =, &
L7} 7S nlola R &R H WEHE blue dextran®] U
AFolARt Frksh= FAIATE ¥hdel| pluronic F1275 &3kl 9l
7] ¢& PCL/EC wlolA2 &) WEATS 30 €935 C, 181
45 CellA BF 58~60%2] blue dextrans W&o}, 2% S]EZQ
B8 JERNA 3kthFigure 7). Kramaric et al. ¥} Raymond et al.
o mE Ak 14% ©17d2] pluronic F1270] =0}3l 2™, pluronic
F127-2 Z-7 7J7d9](sol-gel phase transition) &= LYERE 4 1S
w, A8} 2% (gelation temperature)i= pluronic F1272] 557} 571
F= olxe o7 RuEy QuH2526]. E3 18% o]
pluronic F127 §~go] AR AJHolE she 5= 25 C olekil AL
Z HuEQ [25]. D 2 AFellA Ads 2% =8 WE o

= npo]a R Y& ol 5% pluronic F1270] A3} 2% o))
Al Aol HHA 84 dRe] UES Adlishs Aotk Kot 2%
7} o} pluronic F127 28] ZFE7} o147 Wil [27] a2
O 7 ZpE Eggo] gopd Aol o tstal Qi) sHARE 2%
of W wlola® HEe] WEATE HEI Ay A3} 2% o)
2= E38kaL pluronic F127¢] ¥ mlo] 32 71<#0] pluronic
F127°] 350 QA b2 nlo]a 2 <ol B]3l, blue dextran H=
o] v]s=8kAY ] = cKFigures 6, 7). ©]i= pluronic F127 A &
dell thigt 2719] 7Pgo] 23 Aol 7Qlsh=t, vlola® Fi&o]

W)

L X

385t M 203 H e =, 2009

100

80 |
< 60} o s
:« —wv— 45T
Z
< 40}
=4

20 |

O [ 'l 'l 'l 'l

0 2 4 6

Time (h)
Figure 8. Release of FITC-dextran from Pluronic F127-containing
microcapsules at 30 (@), 35 (O), 45 (V) TC.

A3}t 2% o)de] Fofl FAkEY AxE g YRR Eo] HFs)t
o AAH o 2= AdKrigid) Ao] FAF AR, pluronic F127-2 <~
|49¢] aaEAtol7] wiite] AE5-E] pluronic F1270] 54 o} 1t
LA (leaching out) 3|A &7} AR, 14% o8t F%=7} EW
Ao Z& thr] o] sHAl Hol AA S & KBE pluronic F127°]
npo]A2 HEZFE] Hol WA, pluronic F-127°] WS blue
dextran®] W& A EIE 74 A Eobe= FloE AT A3
Artel] w2 o]t Ae] M aIE 1k pluronic F1279] leaching
out FA== A3} 2% o] Eol E¥ % 30 min o|uof] FASH=
7102 oIAZ Y Figures 6, 7). ZL2] 2L pluronic F1275 &3t njo]=
2 MAEe uF AFZolXTt 257} ol SE blue dextran®] WEF
o] 71814, pluronic F1278 3H-8F4] & mlo]a2 4s 2%
7} oA R WEFdlE L] Apol7t §ISlth ol& A Akl
pluronic F1270] o2 a2 HE FaiE o] 1128 A blue dextran
9] £33 W WUES FAAY= AoE AedE) o]#g gvi= ¥4k
sol A 12oR AFF At AAe FoR Ktk

Figure 8< pluronic F127& &3t PCL/EC wlo|AZ &2 2%
o]l W2 FITC-dextran (MW 250000) H&71%5S YER Zo|t} mlo]
AR PES Be A% HelelAM 30 min Well, Yebd 7 Sle &
L o9& HEEs B YEISITE 6 h A3 £ pluronic F127-
Sh-3l mlo]| A2 PEZHE WEE FITC-dextran] > 30 CollA]
85%, 35 CollA 82%, 1|1l 45 CelM= 88% =, 57t T71=
nlo] AR FEEFE] WEEE FITC-dextran®] Y& AFol| A9k Z7}
she FAIE 2 57F oS FITC-dextran®] WEFo] F7}st
+ A3}, pluronic F1279] &4 55 we} FITC-dextran WE5o] =}
o7k Gl A1, Skellx] Am st vkel 2] pluronic F1270] mlo|a®
MEZHE] o} LA FITC-dextran®] W& A &1}E 714 2.4
5317] w0 2 zFE thFigures 8, 9). Mlo]A R AaERE] WY
FITC-dextran®] 92 80~88%%, blue dextran®] WZH50~60%)l
vl3l 25~30% 7Fg =9kt) ol T WEEEAeke] FxEF xlo]d
710181 Aoz, BExlEFo] At o & -2 FITC-dextran®] Plo]=
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100
80 f
o@ 60 —e— 30T
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<
< 40}
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Time (h)
Figure 9. Release of FITC-dextran from microcapsules containing no
Pluronic F127 at 30 (@), 35 (O), 45 (V) TC.

2 Aed] 55 Tl o 2 WUEH] ves Ao dddd 257t
R .

Js3ho]| Wk} FITC-dextran®] &3] A% Z7lsls= 218 2%

OlN

Thell W g3t gl o8k 20 o] AZIT)
4. 4 =

A= AERAR old AEZ e NEC)SF Aald 1L
2Rl Z 7T Z2HE(PCL)S B AR 3FaL pluronic F1275 WF-ll
sk vl g HES, WO odd BRAxoR Axssith
g ulelaE AE 7HE fHgol AxEHSNeH, o] nlolaz He
o] Egjgletd 54 9 2% oA WEA T wete] ATskith
A¥}AH O F pluronic F127° 23t 2% o4 WEAES UERH
AARE, Agste Rk EA] A5 F U U WEHS

ERgILY,

b o

¢

4 A
AT Zariekie] Ao dste] +aH,
HEO1Ed
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