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(57) Abstract: The present invention relates to a method preparing a poly-
mer microsphere, and a polymer microsphere prepared by the same method
and, more particularly, to a method for preparing a polymer microsphere
comprising using a certain polymer compound and an organic solvent to pre-
pare a single emulsion of oil in water type and then adding ammonia solu-
tion to the emulsion to perform an ammonolysis reaction, and a polymer mi-
crosphere prepared by the same method, a composition for delivering a bio -
active substance comprising the microsphere and a method for preparing the
same. Unlike conventional processes, the preparation method of the present
invention does not use a halogen organic solvent harmful to the human
body, and uses ammonolysis without using phosgene. Therefore, when pre-
paring a polymer microsphere according the preparation method, it is pos-
sible to produce microparticles having a simple manufacturing process,
harmless to the human body, a spontaneous pore-closure functionality, a
porosity and an ultrahigh porosity.
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AL 5 dy N1s4E Ze 1A vET B ol Ay

2 odge n¥a oY L oold AmPdel BE Ao, FANoR:

|471548& 7HAe 984 vET, ol Azdd 2 A7

NYFE Egets AR E 24T B Aol

THA, @A R FAG 22 T FAAFEL SFoly Ft Fo &
el A AAEZ] Wl RS A EAdE R FALFEAL
Yy Aot olelg FARE sfAstia 1uetd
vho] 3 2 7 & SH(microencapsulation)= &2t ¢EZ FAE v EF(microsphere,
o]ate] AlgolM Bl YTE 27 YT (nanosphere)S T} AP FES
TUANTIE Az AAsted, PlETE BS um 299 7|8 AYEE

VAL S 2& E= IHFAZ o s, ddd GB YEEES
AUES AZY 4 glo] 48 ARIIRE AT + Yok 228, & @ W
FARORE FAZ B4 FED ARHBEEE FAY & 2o} AR Yad
IE & ol FAHAD 4 Yow, B FBAR £IES PPN £
o, @ 5@ A A AGAAIN FE FF DEA NFT Az AT
BAg wol: 9t

Al
A7 22 AR TEAE o1& PIETY AxURoRE

ZHT 53 A4,652,4413), AEEH T 53] A4,675189%),
EFAZYPE T 58 A46,709,650%) L A2 &olFEYe T 53
H15,019,400%) 5ol €A A 22y 71 Zo] AxHE vlYTE
H]th3 4 (non-porous) . 2 A L A|Z7F golEtA] R Alzto] Ho] AL,
Hggdez A 549 ded BEser =yve @dE 7 o

A7] Hg Ao R & FYdE FE9 HESEV} =EnE @A

AL tFA vHAE ARE7] Y, LE A (porogen)d HEH Y FRetol=
g ool Eet 22 {71 &g ALR3tE olF A, FAHAHLE,
W1/0/W2(water-in-oil-in-water)f- & £ F a4 FEHHo] o] &HI Uor, A7
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WIO/W2 A EoFed2Eie WI/o/W2 fA12) Wisk w2 Alojo] & &<t
zpoll 2lal, wiol] EAjsls L 220 W2z FHatE i} FAlol w29 Eo] Wiz
AE3Y HFHoZ dFA vzt vrEAAE A& ol §3 Wwyolth. olgd
o]F FAE ol&3std nYPAE Azxste 4% 22 WHo] v HiHo
91 I(Int J Pharm 2007;333:103, J Controlled Release 133(2009)37, Angew Chem Int Ed
51(2012)10800, ACS Macro Lett 1(2012)697 % Ch Chem Lett 24(2013)710 §), °1 &
olF FAE o] &3 WP BT A £ulEA dgd SEgol=y oY
ol E|o)Eg} e §7]) Kul2 AR ALY, T2ZAO0Z A NaCl, EJTZ O A,
BSA, JAe A, Alo]FRYAEY 58 WEA] AREEtL QU

a8y, 71802 AlSE e dEd E28cse 2 HUEE AYn
B34 2 4olx o & By Y g vys #e T FAE eV A
A fr) &gl s EF8ta, HAdEA HFsty BFEHE op)gite
TAEE 7HAL U3, FAZREE olE AAsY] Al B #A
ST 53 A|6,884,435%), PlHT ARALE ©F87] Al
RES Z(reactor)d] EEE AFA7IAY ke 42D E EUVIE e

AAZE AL H_ = soml= E3 A3,691,090%, A13,891,570%,

LR of

it

olUe}, 4719 Z& FAHE AXWUA vlgFo] BdE FEo] WAHE AL
Ao gtk 3 gFAdE BRE] A e Wid 52 $E9 ZEANS
Arrelorsted, olw LAEE AFd TR A8 Wil Folgle FEo
o4 W2E mAYrtes £A4C] o, £ ¥
AAS 42 BAEC] AHstEHe TAHARE AL Ak
, B 2Eats iz giE, 48 2 FELAY fU180E £¥ste
S BEabgool drtsld FAE AR F, Az FAA dRUol &9
A7rsted ks Al7lE g Edste nEA vYTY AzUHE A bt

IS EES A|910892% 2 v|=53] #8,202,525%). 22y o]t
AzPHAME & 2xHY DA FFET vy SERIAHOIE F9
g2A ulE AEgo2 A vtFAdY Byt Az
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(b) 7] DA @A AZEH A EAE il Hrtslo
4 % fr(oil-in-water; O/W)8 FAE AzsE 44 AZ ©A,; L
B

by A7) @A ()l A Axd F

F5E fFAd dEYol §Ag HItstd
Y E Yol vbe& FstE JFGEYol v GAIR A,
olw, A7 HF71&mle o]AZ2H ¥ Eo] E(isopropyl formate), &

X 2 d| o] E(methyl formate), 9|2 X Z v 0] E(ethyl formate), = ZH X 2 v o] E(propy!
formate) ¥ & 7] & oo} B34 & ufj(semipolar solvent) 9} o] E3HE 2 FE
A sht ol e W22 #7]&welth
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AbESlA] FaE bHsa A FaiEA A F UL WrE of}, 19

w2t Az I8 v g7 d3AEY nPFdelE EFstn ARy 33 54

7158E 7HA, dEE HAET £E8E AudlA %%A]?l?i*ili, 5
BB EdY TUES 7HA 23 QA EZY o] rtssite
R} 2

12 PLGA "] @A W F-Qfo] = 9 71F A 7|Hde =433

2= olAZEY YEno|ES JREYols AALEES 77 4ml B 3
Z DAH3HEA PLGA AFEZEFE (a)0.15,(b) 0.25,(c) 0.35 282 (d)0.45gZ
HAAA Az vQAZ9 SEM Abxlelt.
(a) 0.15, (b) 0.25, (¢) 0.35 28] (d) 0.45 g%} PLGAE 4 mlY
olaZ g FEHOE Fo BAGE HEL oE &Y FIAU F

FEYolF 3mlE AHrtste AxE ulPa EHS SEM Ao 2 g% AR E
I EE HE& Aol LEZE Alxlojt,

T 4% (a)0.15, (b) 0.25, (¢) 0.35 28] (d)0.45 ¢S] PLGAS 4mlY
olAZEY XEHE Ho BiMtE HEL o8 FE&Ad FHAT F
dEYotr 3mlg A7bste Axd vlfat R SEM ARl g, d%& ARS
g2 M Zlo] 28 Apzlojt},

% 5% PLGA035gS (a)4,(b)5, 283 (c)6mlo) o]ATEY
T E2o|Ed 5o Az BAMES FAd FE3AA FAE AT & 27 3,
3.5, 283 41 ml8) YEYolsE A4l AxF PLGA Pl@Ae EW &
BolFE SEM Abxlolt},

T 62 PLGA035g% (a)4,(b)5, 283 (c)6mle) o]AX=2
TadolEd mo A2 BAFE FAd F3AA FAE GHE F 47 3,
35, 283 4.1 mle] dEYolrE Hrulste] Aze PLGA PI@AY WF A4S
BoFE SEM AlRlojd),
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T 72 025¢g9 PLGAS 4ml9] o]AZ2d X Edo|Ed %9 #4HFE
Aol FEAIA FAE AT F dEYOITF (3)3,(0)5,(0)7, LT3 (d)ImlE
7bsted Azg v]EaF EHY SEM ARl #g Rolch

T 82 025g2 PLGAS 4mlo) o]AZ2F Y 2uo]Ed =9 Fatg
Td FHAA FAE BT £ GEYF (@)3,(b)5,(c)7, 2HIL (d)ImlE
A7teted Az vlEa HE-9 SEM Apxlol #g Rolnt
= 9+= (a) 0.15, (b) 0.25, (¢) 0.35 28|22 (d) 0.45 g9 PLGA(iv=049dL/g)E 4
mlo] o]AZEY FauolEd o EANE TEIL ol F&Ad FIAU F
dEYolF 3mlE Hrtste AzF v|ga EHY SEM ARxlolt)

T 105 (a)0.15,(b) 0.25,(c) 0.35 2212 (d) 0.45 g¥ PLGA(iv =049 dL/g)E
4mle] o]AZZEH EE2Ho]E %o FANE TEL o]E FE A FIAY
T dEYots 3mlg Uit Azxd A Wi SEM Abzlolth. 4%

AR &R B2 Aol LEZH Aot

U b

P

T 115 PLGA 9¥AE 37C F8£ ) (a) BAA7)7] A, 28l

BAAIZL E (1)0.5,(c)1,(d) 1.5, 282 (e)2 Alztol Aug & B3 nPxag
OJE AL BAFE SEM AlZlolt & AlzE &R L Fo] QEE
Abzl o] T}

% 12€ PLGA Y[HAE 37C £8Q (@) ©AA17]17] H, 282
1 & (5)0.5,(c)1,(d) 1.5, 28 (e)2 AlZtol AHAg T BEd vt
Wi d4g BAFE SEM ARdolth

T 132 PLGA YHAE 41.7C FE&99 (a) TAHAIZ17] A, 282

TR <b>0-5,<c>1,<d>1-5, 383 ()2 Aol AHE F DAY YA
9B AL HoF= SEM Abzlolth, 9% Alxg TEjgE BE Ao o 2%
Al o)}

T 145 284 BYAY AL A 7154 o) A8l PLGA

D HAE 41.7°C FE Y () BAHAIZI7] A, 28a FAAL & (0)0.5,(0) 1,
(d) 1.5, 283 (e)2 Alzte] Boe T FEG nPAY WF A& BRAFE
SEM Apzleltt, A& AMXE &R B o] Q8% Apzlo]

% 15% FITC-dextran-® ©l2] A|Z3 th34 PLGA Pl|AE 54T
U FHae FFAAE A 2HE Yetd =Holo

£



10

15

20

25

30

WO 2017/043808 PCT/KR2016/009797

6
% 162 FITC-dextran©} 9|2} A Z& ThFTA PLGA 9 HAZ H9E F
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Fee TtgEYol whEs o] 8% vy AxwRdAME EA] 47
HAE de, 28AZFY LE8ASGES AMESIET, o9 Zo] 52 EAF
TR FFES ALEste Afdde vosgdy rlETrE AzREHA doh
TAROE, EAFo] UF oW ALY HE7} FobA|a o] et
Aol A o] ZhetE Yo} gh-go] AAlE L FAlo TtgE Yo}t vhgo BANE, =
2ol 55 AREC] AR FALAE FiHEII7F oA YA, o A
TEHOE BlgEAdY A} AzEHA "o

olg{d L&A FFEL K7 &l HE kv THH BAGLeE
Azgt oW ALEHE {rlEuls EAE £ Fo LA ¢=
gz A fuj2 A, o]AX 2 ¥ 20 0] E(isopropyl formate),
o & ¥ 2 o o] E (methyl formate), °ll 8 X Z vl o] E (ethyl formate),
3 2 P E 20| E(propyl formate)t ©]E F7]&vie EEY £ U Yolrt,
A7 F71 82 e 47 AFE FAAJD HEEA FU1Le)E 9 ol FA,
& 2 M (cosolvent) ¥t=FA & ull(semipolar solvent)2}2] &3} E (cosolvent system) ¥
T 3, ol F waA &ulE, dE Eof, dHE HEZAbolE, oM E,
oM EUCIEY, HESOEZ2F Y, Uugd EEotvlols, EFA & € 7
Atk F FFFEE3 29108925 % ulFESF 8,202,5258 FollA
tdEYol jEZE gt AL HY frldule BF d2ise
$r 7] & ol (halogenated organic solvent) 24} &ull 2} 2] FA wjFol] A A edA =
AARoZ AHE87]) FE Loufola, o)d sy @A HITEAd BlHTRO
AzE oy, B oM s JUHoE 540 & Ent o} thFAd Y
oY TE AXT 5 Je HEEASE KIS EA Al AR
s&0] 7ttt EAE #eH

Lozt 471 nEat SdgER FI1 &l LSt Alxd FAELS DA
(el A EArgeiet EFETAM FEHFFOW)Y &2 FAE Y4sHA ot
ojmj AlREHE EAMETlE go] FAE ARstAk 22, FA4
AL AgslE Ao] nlg st A7) £4 EAEuEE A4 fF3kA,
] FYr|dLE £ Ed(Tween) 7410“74 Ze fFAE Thste v
e ol FRUE ALEE F 2t A BAbgdel] gfEol e F3A9
EEE 01004 4%(w/w), BtEASAIE 0.5 WA 2.0%wy)E AHEE F Ao
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71 A @A, Bads Az HE 2d4 SgES £AHE0d]
&2, AZE 44 WY 182 3FEY =7 3(wv% A 30(wiv)%,
HABHAE 3.75(wv)% WA 15(wv)%7t S5 229 £ Y. o]l B#stye,
A FET} 30wWV%E 2IEte A, A R0 FEsld, 34
Al GA ()0l A Tt E Yol whgo] AAE 1, stgE Yo} jhg BALE 9
gabo] JAE thBA B4 AEst ZAS D, 3(wh)% T)EHe) A$ v YT
12 A E7) ksl Agio) "Wolxle A Ao) wASTE T A 9
M=, 015 WA 0459 LEASTES 4mlo f7]&ofol 5o

otzt, A7) @Al (@)l AR BAbdo] BAbguie 34,
TFEIEE 11 WA 1100, vt ASAE 14 WA 100t} o]} BRFS
ARG Y ko] UF BWolAW ZtgEYel wES fFEE7] A, & dRUotE

7187t w2 F402 GitEo] {3
ZAste vy Fejb SHA Ha, g o] o] GRYokE WAl HE

s
2 o g3dE Ze vHAE Az 7

3 A7) @A ©edAME Al b)olA A" FFRE 9d FA
GRYol &AL Hrste] tdR Yol whE& FHEA sed, olu, FRYo}
|9 AFEFES 7] Al @A AHEEE 7] &Y BHE JELR
Axst, #7180 - dEYol &4 &l 1:0.5 WA 1:200] HES
AbE3HE Aol vi At o]g} BRASA, 47 HHAE HAUES 4%
GEUolE AG3tE A FFol FAHA AU, 47 HHE Hold AP
ARYolE AMgstE A4S wle 33 Bol YAH e sy, nEAY £}
FAlO S7HE S, vlgTY JAA AE7F e EA7 2 £ A
TAAJL d AAdAAME 4mle] o|AZTZH X Edo]Ed ts] 28% AR o}

3 WA 7mLE AME8te] JdE Yol vk & g
2 I e 47 udT Az sy, &y g ulyal
AzFHESE D), 124 FFES o|lAZ2Y ZE2MoES £ HIZA
7] &olo] =Q BAtdE FEH FAIA oW B FAE Fdsta, 15

dEYotel Fo] FAM FAYER FAbHo vEEA BAENE 784
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of Y #&4 BUlEA o]AZEHEIH EFoivlo|E)E
= 3] Bl e Lt 3§ Ec] &asA BoBE FAYE
WellA 2EA g3tEo] F5 Zuddy 1A gEE] gl Tuder
TEH A, A7 FE4 Sui7t ALHOE FACE FAE wet 1A
&9 udAst FA4EA ok Al AAHL o ASEA dojuds AeE,
O A3, 39 quenching liquidE AME¢ &olFEolY e &uiFSd GAVL
sl dashA] A Hia, @& qUAY FE7EA A owdHe FAE
Az 4 7] WRol, S8s 7| AL high-energy £ high-shear mixing
device’} HR3}A] A "}, £73], vlo]Q A HE A (biomacromolecules)d] 74 -$
TS o]lf e fr1&u =E2HAY fU]&w/E AW =EEHE 4 EE
T4 S Y8l AFEste 2elyA] £7 717 (high-energy mixing device)ol] g
Ao Qg vio]o AEA AAY ¥4, &3 e Tzt 2 Aol ok
At B o3 oyaE &85 100% FA4 A GASA vlo]l &
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0, B wwel A AgHE AN 33 dg4rolds golk, YT
Jelrel F3o 9fREY B 29 2egle] 222 2 Hol WY
EWT Fea gt B39 WAl gastd Hof FA=Y HEYx Fu)
SE Ag TUG 47 ARA T3 A4 4718008 EREA = 100%
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FAHoZ ulPate] Feldo2E(Ty) ¥ TE o2t 4t & 2EA

oleigt AdH FF HHrt LA

2 &gl gloA, 471 2@&A vlETe B A4l 20 WA 1,000um,
Bl A s AlE 50 WA 350um? AP F hou, ol A ekow,
Fatauzl e S0 webs AHEFA HEsbsEe o)W, vyARY
ARZE FAY AT, B4y 284 dgEY B, 184 FFEY EAT,
Eabgdn BAbgole] &4u), faA9 v& Fol s 2AHE F Uo

ol¢} o], B o] wE uYTe AHR FeY FHE /HA tE

4 _
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A o]

A & 2H(biomacromolecules)d & UAoH, dE o FHElolz, e FEtolE,
ZgyZaQetols, @A, Y= YA, DNA, RNA, D2 E8FA Ee HAUd +
Qo oo A=A etk wldA S e FEHEA, B L] mE
AYILHELD Agg ZAEL A7 g3A 28A vET ¢ AYEAER 9,

oben z4Eo BAHOE ASHE A, $YA, AHI 5¢ £RE £E

sl A o FelelA, A7) YBHEE T dAe Ulfd:r@r
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AR RREAS AEATE B 2 52 BAE XUT £ AT wEAe 9
Fehol A, 47] 52 AL NPTY FYAOILE $IAA F2A7E Aol

o, & WAL 719 AAldol st He FA3) APk el
)% YAldE B LWL dAEI] #% AY Rojul, B 2EY WA} o] F
AAldel oste] FHHE AL ohch,

A 1. Bz AX

PLGA(lactide:glycolide ratio = 75:25; inherent viscosity = 0.25 dL/g in chloroform)
0.15,0.25,035 & 045gS o|AZ 2 F2YolE 4mld &HAlAH EAHSS
AZEATE A7) BAMES 0.5% (wiv) ZHd L3S (E A =25,000 g/mol;
bR AT =88%) TEY 40mlol BAbAlZ| 1 A R E AFE S 450
rpmoll A 3% B WHHAIA FEEt] FAE Azt 2 o A7l FA
dEYotr(dEYol 5% 28%)3mlE 7Fstil 3083 A% wwksidlth I v
40mle & Hrtste uga dEAS ©E OF llmm 35 271 AW
A }2lo] ARAIA W PAE FESAT. A7 58 9 HAE GA 0.1%
Zud LI E(PVA) L4 80 mlo] ThA] BAFAIZ] I 2A]7F myksigitt Ot
o }zlol] o Bt} W YPAE FEIF G AF 24 A &F B T
Hzs

Azg 247+ v Pae HefE SEM(EE JSM-5200; Jeol Inc.; Bl =)S
8 fEsAT 538, ngTF R dE B A 27kA wRE
g FAReR, A WA WHe 2EA LY v rEFE 55
e B nHE ¥H golZe] EAAIZT O e, & O HOJZE o] § 8]
8 F HolZE wojuidich 47 BAE T VgAY ZUFE AYAA
olgzte] WEE =AY o9, b 3719 ¥5& 23
b A ke YT AS 4vl A WA PHoE WRE 2T T %
kst vl Pa gHFo] wreH R @okr] WEoldth oldd B¢ F

o g ulYa} MES epoxyresind 4] AEHAZ F, AL o] &3 WHAE

—_—
—

N
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Adstd WE-E 223G 5 oY Alg9 E4E SEME o] &3
B3,

=28 VAR AL E PLGAS &3& 0.15g oA 025,035 282
0.45gS 2 wpito] A xs v YaEE FEg SEM micrographsE B o St}
Az Aldas 25 T84S AYL A BT glen ol & AR
A F vl Atelo 3 dAdol AAstA] GuSs T
3 Az vYas F2 2094 200mm Alol9] A7E XYz U

< & 20M EoAE 2zt nyaEg st #Ed A
g% PLGAE Al&3td vdaE Axe A9 vga 30 dA4% IS
BoFAh, ALE38 PLGAS &3 025,035 281 04502 F7HA12E o
FHeZ 3y A= 71Fe =2t A8 S RAFAY E 48 o
nYgate] WEE FET SEM micrographso|th, £ ¥H-g F3 A= vgae

AbEetEolE, BAT dEde FRTE Aol

AAd 2, v]HAY Az
PLGA(lactide:glycolide ratio = 75:25; inherent viscosity = 0.25 dL/g in chloroform)
035g% o]2Z2d T2uolE 4,5 F& 6mlo] £A]H BAMYE A8
F7] BAALE 05% (wiv) ZEb)d 43 L (A =25,000 gmol; MR AR
=88%) T&H 40mloll BEAAZ| L A W] E A3t 450 rppmoll A 38 F<L
RIAIA fr8leled FAE Azt 2 o 47 FAd dRYotsr (PR Yot
T 28%) 3,3.5, EE 4.1 mle 718}
mle] & st vlgat d8HE FE g llmm F5 3715 AW
A G2 ol AHAIA BYPAE FEEAT. 47 £5F 7
Eefnld €EE FE&Y 80mle A &
A FGAJof et} v PAE 5T g IF

kl
[
=
Mo
=
o
o
El
z
_0‘{_1‘
32
£
M
£
tlo
3

o
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Az
% 5% 035g9 PLGAE 7H8314]7]7] Yt A& o]~aXZ 2 g
X2volEY §%3 drYoly L wet viYar BH FFAo] HITE
RAFI ot o]lAZ 2 EE2uolEY AMGFHE WA FAl dEYots
AHE £%2E 5FAe o vHa 28y 354 A=Y 7)FY At
A4S et vk 2 dE vl ygal EuEe 2gA
e 3 HuEdg Wz T A4S HEhHATHE 6).

AAld 3. P YA Az

PLGA(lactide:glycolide ratio = 75:25; inherent viscosity = 0.25 dL/g in chloroform)
025g% olAZEY ¥ 20olE 4mlol] §AAH B4 AZEAT A7)
BAMEE 0.5% (wiv) E28)d €2 (A% =25,000 g/mol; 7t TR HE =
88%) T8N 40mlol BAAZIL A wt7]E AEske] 450 pmell M 3E T
LWAA fstel A AZSAT 1 The A7) FA6 YR
(FRUYCL B 28%)5 3,57, £E Imig 7Feta 3083 AlE awsgit, o

T 40mle) & HUbete vlgA A RS =FE OE lmm 35 2718 Ad

oA 2ol AFHAA v YAE £ A7 5T vHAE B 0.1%

Zgnld ¢3¢ 84 gomlol thA] BAA I 2417 mwkEint o o,
AFHz| o st B YPaAE F5F oF AF 24 selM &F L T
Hz30H.

T 794 E PLGAY o]AX2Y T E2vo|EY AIEHE 143t o/w
& Az F HAUbste gRYols o ARG Pl wet vl R $S4
ZAE 23T F AL EAFDL Aok G E0] HrlEe gEYotsd
4 3mlollA Iml2 FIMAAFAE W REA EHY g3 @A
Z7Fskglth = 8ollA YERY ko], Pl RS tEAd A dEYols
Abgol me} Fheklt

A

—

do

N
o

AAld 4. B HA AZ
PLGA(lactide:glycolide ratio = 65:35; inherent viscosity = 0.49 dL/g in chloroform)
0.15,025,035 & 045g2 oJAaX2F X 2H0]E 4mlof §lAAH EALS
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A xR A7 BAEE 0.5% (wiv) EE8]d €2 & (EAF =25,000 g/mol;
ZtrEdl AE =88%) £&A 40mlol BAAIZIIL 28 mukr] & ALEEke] 450
pmol Al 32 F IHAA fatstd fAE AzEAD. | frAl
GEU ol (PR Yol 55 28%)E 3mle 7}at 3027
Oe 40mle E& Hubeto vjga d8dE 9E O [lmm ¥F 32
oAzlell AAA PFAE FEIHAG A7 5 o 0
Zeud €2E £89 s0mlol] Tl BAAIZ] 2 2417 mkslgith o o,
oA FHlo] AFfste] vYPAE FEI S AT = 5
Hzs )

E 9L 4719 2AAM 4z Az vgay EHE A FE SEM
Apzlolt) vl gzt AlZE 8] AFE3 PLGAY £%-S 0.15goA] 0.25,0.35,
283 045002 SAAFAE Wl NYA EWle) thEHe WA pase
A4S 2FAT o)d Fge T 304 yehg Aaie 2ok grh T 3004
HAE plyate, & 9olA BAE vyt Hste, JdH oz A EatF]
PLGA &2 AM&std Azd Aotk & & @ we} Axd vygale] X9
A4S BEAEE TS PLGA 3% ol PLGA AAY BXgH e

2 BHAFEH T 102 T 994 BAF
"9 W SEM ARRE EofF3 Qlth Ho|Z & o] &8l olg ndAtY
EHE 4A e 5 AA7] Wl B AMEste] dds vidate WEE
E=EAA B2 Holth vYAY FHY PR FAEE A S
AHES PLGA &% fl@ate] P gaddd & 4382 73S
AT = 40 YeErd Ao} vlaste] BokE W, PLGA AHAY S (& 9,

FEEAY) 94 NP YR 0y AEE 24AE Fad 299 & F

N
£
dle
o
N

PN
A3t &

Jg

E 1 WA = 100 ehd ARE FEEY B o ey 2 2ES
EEE T U9 FAE 4T T BAolA HAgE olaZ 2 X adE
23 whgol 4L nAe AREY BAEY EA wet vzt IS4
Atk A WA FJAE PLGAY AM&Folth
EoolEQ A gg 1A ZHdA PLGA §F S
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TE Babde 2o SorEch oo wit st R Yol whgol
Addoz AAE L RS Bab) AANA 2R 4A BabEAE

g, 2822 B4 Uel Al PLGA-rich domains® PLGA-rich
domainsE0] €A 2= oA ke BAE 3G F340) AslEHe Aotk
n} 272 2 PLGA, YR Uols, 81 o)A 2 T 2uolE9 AlLES
aAseietE ALE PLGA ®A%FE F7HAI7IHE Ar1e 98 a3t
dAEHARG, 2822 HEXFY PLGAE AE3HA =W, 18A%9 PLGAE
AbEE AR bR Yol vhgo] A wrAsie RajAEEC] A EAYOE
ToAA ZFHLE FAOE WYL
SHE2 PLGASH FEUclE Ag 8L 1AW AT BANE AzsI A
ojaZ Y TEroEY ALGHEE FUMAFE Axd AN AEE
ZastA Btk olR G4 ﬂ%‘EH ofuts ZAL FYaA sF0 FAl
g Yol siatE o]l A BaMte g A Uz £ALE wAuEd
whe} v gate) tFAd I 340 FHE Holth viIMAE PLGA AHE#
TP F olAZ 2 FTEHO|EY ALRH S FIIAIIL FAlM gERYots9
AHEES FUHAIZIE, HellA AEE vl el mlgate s ¥4
FAHALE & F Ak ArA AFE A8 7HA] eRles 2EFOEA

]

PlEatY] g3ds F54E Ao F UsS & ¥EE T AAsn Ao

1

AN 5 93 PEAY AU FF HY 7|5 B}

A G2 AAd 3o A AZF 1] H240.25 g PLGAE 4 mlY
ojAZ2Y FEUo]Ed Ho BidE THEL o] FA FEAIY F 3mld
AR YolFE Jheta] A ZF A)50mge 37, = 41.7 2 RFE 0.5% Z2uid
43 FE€Y 30mlol BAAAG 28 wwr)E ALgetd FEYA muksEA
05,1, @ 2 Aztvitt A& A1 88t v PaE s F 0F shellA HAl
AZAZ o] By AlEEY HE R 9 ¢
Edlod SEMO 2 B33t

E 119ME 37°C ZHA Alzte] Ao e uyga EH MEE

l

w

b 94 AFY WU

1o

RoZ3 9T P EHel BASE 71BEL AZo] ARl et B
2ot gabe Yehigich el EREY ol njYa i Eashe
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2, Eiﬁl(porogens)«] Abgglol,
AZE 2EA dAE ZF 3
o&ol, & 11,12,13, 223 14904 YEYRo], o] & uHAE F7]180E
EFeA Be 100% TR Ao BAAA F34E W, EHH HF EAste
TIEC MATE ALHOR ZilE JleAdE AYR Aok aga ol ALH

U
ANHY 715L &5 e} 1 £5E 2HE £ 9L AA AL

£

¢

A9 6. FITC-H2E#S o] &3 B9 FA &

A7) AN 3ol A Z3 0] »A40.25 g2l PLGAE 4mle oAX=d
ZE2Ho|Eo o EAANE vET o] 2 FAd F3AZ F Tmle]
AR YolFE 718t AZF A) 10 mgs 8 mg/mie] FITC-dextran(E A = 40,000
g/mol)o] E & 0.2% Tween 80 & 100 mlo] F4HA17] 22 4 Al A &% F<t
FH et I oy, v EA dgde LRE 41 B 2E T 2AZ T
a5t dFo osluA B2 AHE F 5% oigas

& 33 1] 7 (fluorescence microscope) @ &2 wlo] A FALH U] H(EE LSM 5140

Meta Confocal Laser Scanning Microscope, CLSM)& Al-&-3lo] #3190t AAZ,
Axiovert 200 ¥Hd ¥ @u|A (ZAR, SU)E AHE3t] 494nme] W&
FArsted S14nme] ¥FE SAEA AR HF oluaAE AAHE 15).1 A
Agg o vlygae 9% FEE YR, 2 Azte] AHElE Wele oS

o 2% 4% 255 Y g3dnd 32 ojdo] AEE BEEA FE9]
A7) ol m-at o] A=A ¢ viga LW EAste
FITC-dextran®l] 9% HFA=E obd Ao 2 BT & v|gart & dolA
AgH o7 FIE0| HAHAA FEA0] HobglE FITC-dextrano] U] HAF WHE
FdEol wel a8 Agst dehd Aojth F WAlR 323 #HolA
FAEUA oluXE d7] &) 488nme] o}2F #Holx F& ALH FF H4
71%g 7k oAt Al el FA}ela, 520nme] HFE WE FEHE S

il
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FASAY = 1694 Yehd AAH vPA @ENY 41°C =T ALl

Ao wet vdate AdHd FF H4H TS HAFAL, oJHT A E
23] FITC-dextran©] B Q5o Z2me & golch o|ajst A= Awx 33
A 7158 7H 2EA @49 4 PLGA PlHals HYgd I
Hhol 82 T 1A UkedEHEd 22 H2 MY FadES s ¢ 7
Qe 5ol AL HAZHE 17). 3] §7]140) 52 ALE3A ¥ 100%

T4 2704dAM A8 FFY FAREES Vg AXY &2&EA A oA

-~

AANd 7. dd HEZOZE 18R JFPEZ ALEF £ dgo] @&
gFd PlETF Az
g HEZQ=E EFq/de2(toluene/ethanol) 5% A HE7} 10 P

e MEZQZE 025g% olaX=2H X E2Mo]E 4mlol vortexing (Vortex
GENIE 2, Scientific Industries, New York, USA)& o] &8t 24|12t &3 =30t} ol &
0.5% PVA &% 40mlo] 31 ¥ A 7tete] 450 rpm e & W HH7] (800 series, VWR
scientific, Radnor, PA, USA) & ©]| &3} 35’:2} wHbE Y, O F 28% YR Yo}
FEA 3mlE YUtk 3083 wREG e, 40mld FRTE YL 5E0
A% W dFs. ARA e G2 vHTE 0.1%PVA 80 mloll AHE4tsto
2AHEQt 450 rpm o2 Wkt F w|ParE ARE T F 5k
Az ol vlgAy YR E dNE SEME Bt #5890, O
A%E = 189 YERIT

E 180l A £ ' uieh Zol, dE 4ERL
BB RAM ALEsle] B g & tygFE Axde AR, 49

o} I3 FEe TZE AME dAA"EH AEZA AL 21 YU

2]

SL
[¢)

N

of
ox
rlo

AAe 8. Tt Z2RES IFA SHFER 0] 8F AT E U
Oe Hsd vET Ax

2t E2HEL BT THEAFMWOl 14,0000 F
SR AFE(M,)0] 10,0009) A& Sigma-Aldrich(Saint Louis, MO, USA) Z % H
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7o 3 il o

Z2YNTZZZE 025gS olAZ =Y E2ZHo]E 4mlol vortexing (Vortex
GENIE 2, Scientific Industries, New York, USA )& ©]&3}a] 2A]2HEr =3t} o] &
0.5%PVA &9 40mlo] &3] H]AHol| 7}8td 450 rppm 2 E W HF7] (800 series, VWR
scientific, Radnor, PA, USA) & o] &3}e] 387 wuksilt. O § 28% YR Yol

TE&H 3mlE Hrlste 3087 wkslgion, 40mlY F/HTE Wi 5E0

AS o G356tk JH 2o F2 U] Y F(microsphere)E 0.1% PVA 80 ml]
AEAELS 2A1ZHE S 450 rpm o 2 WHHE T uyAE A #E Fi 3Tk
Az3UT o5 PlPAy WRYE PA4ES SEME Tt #5331, 1
A48 = 199 YehHAT

E 19014 #AE & SlE uie} Zol, YT IYHES L&A
FIERA ALGste] B Ui & uyg7E AxEE A9, 7Y

A

2
N

3L
o

I FEHE FFE0] MZ A" 2EA] ¥4 2531 AdAoh

ol2)3t AMEL YR PLGA AlFY DEAET ol nHPTE
AABE e 289 A< 8 33EL AlLEHeE B @y 283=
AE 4 d3EE Ad vEA

be £4A AZY ¢ AeT vehdth
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(A9 HH]
() THFHFEAF 1,000 WA 80,0008 2= nEA JAESY F7)80E F=E

£
() 471 24 @AM Azd LA E4HE0E H7Mst 5 (oil-in-water;
oW)d FAHE Azxste KA Az A, &
(b) 271 A A Az £FHF FAd GRYo} &AL HItstd
G E Yot jE3& FstE TR Yol vhE TAZA,
olw, 47] F7]fule ojAZTZI ¥ Z o] E(isopropyl formate), ©E
¥ 2 o o] E(methyl formate), Al X 20| 0] E(ethyl formate) ZZ 3
¥ 20 o) E(propyl formate) ¥ ©] & #7]&vj<} ¥k=4 8 vli(semipolar solvent) 2+
THEERE AYEE sty o]y n¥EA 780 AL FALE dte
AL FF A5 E e 2EA 4 2'A vETY Az,
(%47 2]
Alrgell oA,
A71 neA SFES FYGEA FegEtols, FYHY-Z-2Y 4,

Zggdelol=.3-F 8 Felo] =(PLGA), EEATA, Egjoju]itR Yo E,
)\

SrzaEe 3234, EystzedE Zg PO]E%*P%EHOIE,
Za)slo] =2 A e g0 B, Zejolujal, HER QA o 2H 2R, AEZOA

A 2F Y FEAF ojnjxite FILAR o] FofR TolM AHH 1T

ol AR, AEA vlHTY A=

A7) Wrguile told dEAolE, o} E, ofMEUCEY, HEZSJERFH,
Uoe EZolrfol= 2 ERQOE o]fofz] FoZRE MYHE 1F oY,
TEA vy Az

[+ 4]

Algel AotA,

A7) GA (@A AzE £ W 28 S3gEY =73 WA
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30(Wwiv)%Q ARl EA vlPTe] Alzw,

(43 5]

Al1gke] oA,

A7 @A (o)A, A 0 E4bSole RHuE 11 WA 1:1009) AQ, 1
Pl g AzEy

(%73 6]

Aol lojA,

71 @A )l A AL EE BAMETlE REAE Ldste FARAEDA R
T2 v ETY Az

(3+% 7]

Al1adel] QlolA,

A7) DA b)ellA ALEEE A E

o}
i
_g_ouo 7)\40,‘1—7—‘:’X]- D]%:il l z-ﬂ ﬂJ

2

i

gAzM ZHdeIE s EFstE

Agtel] QLA
A7) F7180  FEYol S8 B[ o] 1:0.5 WA 1:209, LEA 0] YT

;]]zul—

5.
[T 9]

Arg WA AgY F o= & g9 el o AxHL, FFE& JHAH, 47

550 FETF WA 4ZE A4 H(interconnected) B ¥ (open) TF2] AEXA]
FEE 7HH A 35 HHr1s4E e RE SEHoR e nEA

ol g

(473 10]

A W2 A8Y F o= g ol BE D82 UHPF L QSIS
EEetE, A7 ENEFS Y] 2EA vETel BYE RS SHSE e
Aga,]:d—/ﬂ‘:’zl z—]\;__}_g. }_Aé-%‘

[+ 11]

Al10Ho LoiA,

71 BB EFAL vol AR ]l AEHER AL ] 24 E.
(7873 12]
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A118ell QloiA,

47) ol o At Betols, EeWeels, Fen2uerelE, wua,
=
=2

DNA,RNA, Yz, GdSELA £ WA A0, YU ERD 19§

£ xgste AeEHEL H9 8 2H4EY Az,
(7% 14)

A10g WA A2g F A= g o mE
Fodts dAE L¥ets YL EZ A
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[Fig. 1]
PLGA-free domain
ammonia isopropanol
%

PLGA dissolved in
isopropyl formate

ammonia formamide.

emulsion droplet PLGA-rich domain

spongy microsphere

1EKy LGBvm. BEeaaT 3 be 2159 1S9 rn BPBADTR

080407
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[Fig. 8]
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[Fig. 11]
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[Fig. 15]

0 1-hr | 2-hr

[Fig. 16]

0 1-hr 2-hr

[Fig. 17]
Application of Pore-closing Functionality iy Biomacromolecules Microencapsulation

Porous PLGA microspheres

.An agueous biomacromolecule solution Non-porous, self-closed PLGA microspheres.
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