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=8 oA EE22EAv BRI TEAR] poly ((R) —3—hydroxybutyric acid), PHBS} 344 18t
3l poly (ethylene glycod, PEGE ol-&sle] AlZEleh nlgEo] o3 gaksl #Apgo] 4Rkl PHBE oFgld
£ AEE AR gouR A Zu) 7RHE 3l ¥xFEe] 3000~30000% VRIS Uk 5EAE
Fgollo] Yor yRASL 217] 27| &l 2194¢] PEG7} 444¢ PHBE AME o] 1A} v ¥4
ol A X plde AR AAHEAAE WA AR UelA W 5491} Exp AstEl 5498
TR ER e HdAR] o]fo} rhgdich o BE FFEARs PHB| PEGE T3t AR o H=ZwE
(transesterification) W+-& 53] FE=530ch PEGE 254 52 349 vhe/3E P dA1717] 3 2] 2h87)
2 71 3 ARgEIT) A B5 FE5EA) Aol oigh 48 EA9) 88 = $4.8 DSC, FTIR, 'H-NMR
S AMgBle] Gotrgitt oA B4l 5% (critical micelle concentration, CMC) & 21384} ujdlo] HAJE= AJH o= 3§
3 EY8 ASlo) A% A} 5X10° gL F-old SFEI) g ke A vl B Az & B
FE)o] VAl Aot 38} nAle] 37)%= dynamic light scattering © 8 243 A1} ¢k 130 nm JEF e}
33} B3 atomic force microscopy 5782 B3] Z717F <F 130 nm F=Q] 78 IR SIS WAt B
¥ 3Rt S A GES BRI 58 BRI oOFE AYE AR o8] 7HeE Zlojth

Abstract : A biodegradable polymer poly ((R) —3—hydroxybutyric acid) (PHB) was conjugated with a
hydrophilic polymer poly (ethylene glycol) (PEG) by the transesterification reaction to form the amphiphilic
block copolymer. PHB with low molecular weight (3000~30000) was appropriated for the drug delivery
materials. High molecular weight PHB was hydrolyzed by an acid—catalyst to produce the low molecular
weight one. Amphiphilic block copolymer was formed the self—assembled polymeric micelle system in the
aqueous solution that the hydrophillic PEG was wraped the hydrophobic PHB. Generally, polymeric
micelle forms the small particle between 10~200 nm. These polymeric micelle systems have been widely
used for the drug delivery systems because they were biodegradable, biocompatible, non—toxic and patient
compliant. The hydroxyl group of PEG was substituted with carboxyl group which has the reactivity to
the ester group of PHB. Amphiphilic block copolymer was conjugated between PHB, and modified PEG at
176 C which was higher than the melting point of PHB. Transesterification reaction was verified with
DSC, FTIR, 'H-NMR. In the aqueous solution, critical micelle concentration(CMC) of the mPEG—co—PHB
copolymer measured by the fluororescence scanning spectrometer was 5X 10 °g/L. The shape and size
of the nanoparticle was taken by dynamic light scattering and atomic force microscopy. The size of the
nanoparticle was about 130 nm and the shape was spherical. Our polymeric micelle system can be used
as the passive targeting drug delivery system.

Keywords : PHB, PEG, transesterification, polymeric micelle, drug delivery system.
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ot ABAL A EAA A ] AEE] el o] F=HA =}
AAHA w29} oA AFEAE FHE A el PHB:=
ARt A BalEo] AAHR S e A T EAR
olgEy, dolo] H & wi= AE nsT Ale]9) AEg o)]F=
B0tk !0 vl ggel] ojal] gAake PHBE 4 1Akl Zg
AT FejdlaH2e] B F3F 3hs 7R AREEA,
AR, 2 59 5 FRE 2he W, dgAe] ot F
2E|A 3, dell BePgstn, B3} FA4do] & gl 7 =4 o=
WS AT ok u gl o) AR PHBE 4wk o
TS Ve 42 ¥AdE, PHBE A dlelA B} 4
£3tA o|&3l] SsiiE TAH~TRE AR R 2EE e
7t Sith AdAEe] PHBE ABAAEA, A, v|Hadnks
Te|a vBlEAe] Ak PHRBREY 34%7] wiio] A g
ARgo] B} H3tsirt !

W BF TFAE 257990 PEGS 24449 PHBE 2
galo] FAEL T A5 1EAZ AMSEE PEGE A el
A} /A4 1000 g/mole oldelME HIEA, vlHe] vk viE}
Wi, g4 A3 7he B slEErh ek PEGE AlXEtT Ak
Zhg-& oFEA izl AeEY EAEE Tl 89
el 82399 3715 S7p0ER 3550l AME PEGE
PHBE] AAE gslr7l= SOl 54 B502 -89 e
A 1EA 0] (micelle)-& #A3ICL

WP BE TFEAE ol g8 mEAl vl A (484D oF
& UF SA el gRlste] 4] BEAlZ
Aotk A5 BERT ] B50) Atd oY ER 3
FTEAE o] g8 oFHE AL FEAlle] tlE A= polysty—
rene— co—poly (acrylic acid) ,14 polystyrene—co—poly (ehtylene
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oxide),"® poly (aspartic acid) — co—poly (ethylene glycol) ,'® poly
(ehtylene oxide) — co—poly (propylene oxide) —co—poly
(ehtylene oxide)'” SelA] tikelA] B IE5 Itk 18R} oF
EAEAE AV A #HH Q) UL AT Slck PHB
FTEEAE o]&-gk FEADE Aol digh I+ Cheng Li
of o8] BuH u} QITEY A} el vlAe] TR £ 4
2] A w4 F % (critical micelle concentration, CMC) 1%
ol 2] z#el| elale] T mAg FATED TR} njAL
Ut AADAIA R} ePgals, AR pRA} vlde 1070 M Bk 3
& CMC #g Zh=ch 124 vjAle] CMCr 2998 g/l
Qlgto] Uwt Al FgAS] CMCHT B FAE, a8 51
2} v QPYAde A Agd Ale Bl digh A5Ad AL
RS QLA 9127 QPgAel Z]AgeE 1RA vl 71
K57 2Fo) 29 F4E BHIshEA T = BRI HHIE
AaHA FAIFTEPH AL vl S8 Sol 254 (384
52 A ujd Ui 4 e & 999 a9 A
& (hydrophobic interaction) | 2]3}] eFEo] Bl®l ¥ k& g
A2 Ao ule} wEEn), 2 gl oj] ekBo) Bl v
& TR Ay BRo] SlshEA] dosE oz o ogsld
URE FAISITE mEAF n)Ade] ol EAlSHs ] BN
oz} Hohs HEoF A o "9 55 SoA dAlgelE ¢
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AL A ] A9 AAANA 42T QAR Qo YA 3E
of wiz} 7| gttt B A¥s S g4 a8} vl A
71 <F 100 nm] vh=YRkE Altael] 28l AlgellA] vlEo] =
A k& ArR FH3] 2 F7]050 kDa, v|AE ZHE 215
o], ¥ HEp T AT BN E oiwo] BxE = Q)
& 9H29) 2Re 371(<200 nm)o]th®# wsh vlo]2sle AHE9)
A DRAZR o] RoH pEAl v]dL 98 TANE A
Al (mononuclear phagocyte system : MPS)®f| &Jaf] A|A=)A
¢ro A EPR (enhanced permeation and retention) &35 %
g = d4F0] e AN A FE 243E /i
& 4= QI B Aol At TR w|Ae SEA okE 1
Aslel AA W AR ERE Zhe JEXNEE SRR ggd

% vk

AlF U HZ. v)AEel o8 Ak PHB(nature origing MMW.=
386,000), monomethoxy poly (ethylene glycol) (mPEG M.W.=
5000, poly (ethylene glycol) (PEG M.W.=6000)< Sigma—
AldrichellA] #2813tk Tin(I) 2—ethylhexanoate, 4—dime—
thylaminopyridine (DMAP), 1,3—dicyclohexylcarbodiimide
(DCQ), triethylamine(TEA) = Sigma-AldrichollA] #3133
t}. Succinic anhydridet= Acrosell*] 748ttt Sai5S 14—
dioxane (Merck), dimethyl ether(J. T. Baker), carbonte—
trachloride (Sigma—Aldrich) & AF&sl9itk &= calcium hy—
dride (Acros) & AH83to] -3} el ARSI pH 2| AloF
< methyl red (Sigma—Aldrich) & AF&-33ic} Figure 1941+
AH-El PHB, PEG, mPEGY] 722 Yehfigith.

A4 Zaioll 215 7Rl S, 7P 100 mL E8kA~3
o] 0.5 g¢ PHBE 3.0 N HCl 50 mLell ¥, 104.5 C (boiling
point) oA 12217k F1F &8 02 wyuksich 7eEale A¥at
%ol PHBE 942l Re ¥ 542 33 wAlshaA 5000
Gelld A4l dddelst & Age dvEE 23 A%
ot dofxl AlgE 60 T AF delelA 2447 gt dx
H ANEE GPCE ARS8l #x188 gRlslsich

PEG, mPEGS| 7HE. 7Id A3& PEG 2ol SAsks 4+4H7]

CH, 0

H——0——CH——CH,—C—}-OH

n

<PHB>

H«%OCHZ—CHZ%OH CH30‘%OCH2—CH2%OH
n n

<PEG> <mPEG>

Figure 1. Structure of PHB, PEG, and mPEG.
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Table 1. Reaction Condition of the PEG Modification

Reagent mPEG PEG
Weight Mole Weight Mole
PEG 10g 0.002 mol 10g 0.0017 mol
Succinic 020g 0.002mol 034g 0.0034 mol
anhydride
1,4-Dioxane 300mL 0.002mol 300mL 0.0017 mol
TEA 0.20g 0.002 mol 0.17g 0.0017 mol
DMAP 034g 0.002mol 0.21g 0.0017 mol

Ty COOH
OH
HOOC n
HO n DMAP. TEA. 1 4-dioxane
OH 04050 COOH
HaC n HyC n

Figure 2. Modification scheme of PEG and mPEG.

g 7N g g8k Holoh Aldabge 500 mL AT S
ZatATo] 49 1,4—dioxaneol PEGE ¥x DCC, DMAP,
TEAS 713 $ Ai F947] delellA 2413t FE 20l A
HESAFT Table 10Me Bhgoll AR AlEQ] o5 HAS)L,
Figure 2= MEFAQ WSS VeI B8 5 £ Sl
3H TG ARSI A2 F A AASIGILE BNk
2 ARAEER(CCL) & AMEato] gallnz] 3 oAz g ujukg
& AASE A AEs AR ddlEHZeA ARSI A
ek FAEL AEHIEE AAS] Y3l =22 2F AEjelA 244]
7F E¢t e 2E ebHs] AAST

ol BE I B, S 50 mL akazel 1:1 1)
&2 PHBS} PEGE ¥ ¥ 180 C AF3llA Al&sieitt F
Bl dAF 48487 HEE A HE 10~15%8 541519
ot $§8 AlE)F 2olE Eukaa e Ja-g AAsk S
(Tin(ID) ;—ethylhexanoate) & oA FAlof| o2 7IAE Z
HEk Eule] S A T2 5 wieE 23, ¥hEE 3
29t 42819tk Figure 32 %34 22 3534

=
(s} =
MEFAR] vkEEolrh F53 REgoA FAMER] &2 12olM F

wso] o227} Qo] WiEETh A B FEYAE 9A)
& Qo 3431 WAR F, S0 AAZ 95 BekaI o] of

B2 YD 347 B stk Fut AT s 25
FTERAE AT AellA 24207 B9 AT,

4800 o TERF O FIZ % OMC 58, 784 vl Az 2
F2e0 A8E 2ol Y7 15% AT bath type?) 87} 24
712 Abgte] FASA EAAZT

OMC 2748 th¥dt S50) TRA vjd 7S BE F, 4%

£ (pyrene) & ¥9] fluororescence scanning spectrometer

= olg3le] 72 FollXe] E3 A& St

7171 BM. ¥4 422 DSC(TA Instruments 2010 DSC) &
olg3tsitt. A4 #4719 PHB, &A%t PEGE 10 T/
min® 5-&3HA Z435lch

GPC #2412 Shodex GPC KD—804 Z#H-2 A3t Agilent

So M, A303 A63%, 2006

o Chy o CH,
” ’ “ | Sn cat., 190TC, Ar gas
J— — S —_— k.
R I mPEG-COCOH o
m] COOH-PEG-COOH
P
C—0CH,— O—C—-CH—CH,—0——CH;
m n
o CHy o |c|> CHy o
!.1,~CH2—C|:H O—U:«[CHQ——CHZ—%»Cw%(LH—CHZ—H or  Triblock copolymer
m n m

Figure 3. Reaction scheme of PHB—co—PEG.

Diblock copolymer

1100 seriesE ARE3ISITE ©l 64 DMFE ARSI, 20~
30 pL(Bmg/mL) 9 A £E 1.0 mL/minZ E#HF3ch

PHB, 7I4¥ PEG 281 $3¢AE 'H-NMRE AHE3lo] 2
2 72 % 2 B A EFAsgItE ¥4 8= CDCls
(spectra 6=7.3 ppm, 1 wt% TMS) & AFg8l 1, 'H-NMR
(JEQOL Ltd., INM—AL400, 400 MHz, FT-NMR spectro—
meter, Akishima, Japan) 717]1& &3 48t

'H-NMR¥} tio] 389 725 dolnr] 98] FTIRINICO-
LET, MAGNA-IR 560 spectrometer) < ©]-83}it}

A} n)Ade] 2ok AFME ARSsle] S} A5 A
AgE 1 cm® S8 Yol AES 2igich. AFM (Nanoscopellla,
Digital Instruments, USA)< 473t golo|l Z4sH: tapping
mode & AMH-3SHIH

TFEN AollA EAF v Ve QdxbEe] F715 Gotir] H
3 1 mg/mL2] A|85 DLS(Photal Otsuka Electronics, ELS~
6000, Japan) & AHE-3le] 5451590

,0

An 9 EE

PHBE| 7k-sf. PHBE P8¢ thrdh dAlAZE AR 4
e Belelzu=e R T ANTHL 2 AR 2
Fafolt), A4ke PHBE 2% 100~500 kda®] 2AFEE Zh=th
PHB7F A1 ielr] g2 AARSYe AUan oFeg
EH0E AU 1EARY PHBE ARAF Y B
Solo} g}, gelmoht 42A2e] PHBE A4 deld 282
% PHBi o) 958 AASRY, Araly, vieeins 1eln
BS54 UERIT2 4R AR PHBE ofF 322 %3
sajslr], 2 7o 2.9 4H3 N HCD i olgsie] 7}
SEalE Fal e A7 Uel ARAe] PHBE D9lek. 18R
%) PHB @44 QAHEe oS get 4uig sk 9] o)
2 PHB Al g A2 7] el 318, 7559 34 S)
Aersl Z300] 2 pHSI A HUlF olg slrRe e
Soel ARrEe) Faol FAMSHA Ralsla AT Fol
M BA AT poich Ral B S ARAY PHB A
2 24 3EAY PHB AHeEol Eolds Al 1374 Bojl
RSP BRI Qoluhz Al 292 W & glow, F 3
e Aol Qoliirk, 7Kl Tgel Baiwrel Zas A4
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Table 2. Molecular Weight and Melting Temperature Change
after the Hydrolysis of PHB

Time PHB
(hr) M, My Ml My 7.(C)
0 386000 644620 1.67 176
2 31000 52700 1.70 172
4 17800 23140 1.30 169
6 11200 13888 1.24 168
8 5424 6942 1.28 166
10 3813 4829 1.27 161
12 2978 4028 1.25 156
________________ —_
v
\ }
. \\,f
_8 _______________ N‘\‘\\ ;T
C: N 1/
4 N\
¢

40 60 80 100 120 140 160 180 200
Temperature (C)

Figure 4. DSC thermogram of PHB after the hydrolysis.

¥ PHB Ak 9133 S5 Ajo]Q] vlA] F3hellA] o|¢ha) -5
REESHE Al Atoldll xigle B Exlso] 535H 3538t

o= doiEtd @iolck o] W 1R Mk B EAFEC] vE

e AkgAtolel] UL AatA ATt Tig2siE st

& Al LAl APl Tkt A AlRe] vEhked], AR
A PHBOIA = AKeS] 239} dol7t Eol5e] 7Itslishe
Al Z7o) Z457) wWEo|th 37129 Ak S o183 2710
A 1EA PHBE 6AIF %2 A P& Uehyd, o] &
Balgo] 543 Z01ETE BE S8 LA PHBY 71-23)
£ 52F oloME 1% ulnte] E&lE YehAel A& (&
4, AL 7], mE T Eule] oEE sshs Balo] qlod &
7t FEER 20901227 Table 28} Figure 404 PHBS
7hEEslsto] 2417 2149 AlEE GPCE 5738k%ly, DSC

g B 78] W3kE gotrgtth Figure 404 vephd A
g 2419 W3}, Exleke] Wzl el 443 HE7) vin|EA

33157] wiitell & JEE 7IXA] itk AN Ao Ho]
A Wg) Aol webA T, o) WE) velsch xSl &
2 g 2% e A Akt 2 &% 79l
A8& 3 olalg &= ik

FEEAT|2 X[EE PEG, mPEG2| JHE. 71 432 PHB

I PEG H= mPEGY] Ttk Aol ol 2s|2mdh nhgo] 447
AUEE fxak] Aa FEIek PEGS mPEG Wt 718
wede]] EAshE FAVE REAd0) 2 7HEAV R 2 egivh
b)) 23 75 gRlsh] Yaix] FTIRZ #4881tk PEG
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Figure 5. FTIR absorption spectra compared mPEG with
mPEG—COOH(M.W.=5000).
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Figure 6. FTIR absorption spectra compared PEG with PEG—
COOHM.W.=6000).

Mo

9} ¥kE w9l —OCHCH.—olM C-0-C(A1% 2%5) 9] &4
1110 em™'ellA] A= oH PEGE] 244 B4L 9637 843
cm lelA VRt FHEA7) (-COOH) &= Figures 58} 6014
Vel A7} 20] 1560 cm”'ell4 COO™ 9 1735 cm™ 'ollx g
C=0(l28l2) 54 537} veldth 7H5A7]2 28k PEG
ghe BAS 23 4EA0 R AE7) AAEHG S Felslgic

YRy BF FFEHCl Y. Y B5 35X mPEG-co—
PHB)+ 7% PEG2] 7H5217]9} PHBY ddr F2a)e] oflx
HZwd 92 F3) FAsIich PHB, PEG, Y 55 35
A9 B} F29) 884 - 'H-NMR¥} FTIR B42 &
& orolr.gitt. FTIRIA PHB 3=+ 1735 cm ' (Sl A 2) of
A debga, shedry) AR 33 1000~1450 cm”! Ao
(@€719} Wid@7)e] HEn C-02%e] A% A% oA vepst
t}3 Figure 7¢A= PHBS} PEGS] ok B2 &3¢9 A
FAl 35 el R S 3589 93 2869
cm” oA Yehbs PEG 225 o2 E2nd uhe-o 2 F44E o
AHZ 1735 em™ HAR & 5 U9k

Figure 8& %x4 2% ZEFA(mPEG—co—PHB) Y 'H~
NMR £4& 53] ¢ =2 Al29] 3l8hy e o 4= 9)3d
ok A $E9] 3.64 ppm F = PEGY widdlr]e)] o) veldt
FAlolt) v £ W3 gE C B89 242 ppm ¥, D %9
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Figure 7. FTIR spectra of PHB(--), mPEG(—) and amphiphilic
block copolymer mPEG—co—PHB(---).
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Figure 8. 'H-NMR spectra of amphiphilic block copolymer
mPEG—co—PHB in CDCl3(1% TMS contain).

5.25 ppm, E $%9] 1.25 ppm= PHB A2 HEl”]) (—CHy),
HEAd7] (=CHy), We7|(=CH-)¥& & 4 3tk F, G #%9
HAE 3-1BY) ol&A] ufef vehd Aoz gtk HB ©éig
HE7|9} wE7]5 vebd Zolct B F42¢] 2.59 ppmelk] ekt
PEGY] 3|3t o4 B2 22349 HB @9l AZ¥ PEG
o] WiEdy)olt), H, ] HI= oA BF T5ehH Y oo
FA71(—0H) £+ WiEA17](-0CHy) & Y= Aotk PEG #
ol viEd o7 Jeh b= dlddll7l= 3.64 ppmold UERtL,
PHB ¥ ukEg dgl7)= 5.25 ppmellA] UeRdu) k4 &
= FEeA|9) EG 999 HB 999 X)) gk 242 A 57
(3.64 ppm, EG2] Hg7)) 7} D ¥+(5.25 ppm, HBY HEl7])
< 53 & 4 ik

okl B2 22| (mPEG—co—PHB) 9] 44 E42 DSC
£ AREsle) dotrgit) DSCE 4% mPEGY 7,2 64.22 C
(AH=174 J/g W Jepston, AR PHB2 752 160.90 €
(AH=81.00 J/g) oA bttt mPEG—co—PHBS) 34 B2
A T8 45.96 CT(UH=29.17 J/g) ¢+ 148.69C (4H=

Eg2H, A3078 A6E, 2006

g E

32.45 J/g) UElith. IE5TAE Age Mg Aols 5Eld &
A& Zv7] Wil PEG, PHBY T, Bt Ad o s vhA vepd
th Adeldt B4 e 5 B39 AelA PEGE PHBS 73]
I AR A BAAE ek Bl FT5HA o)ghazic) 3L
PEGE PHBY ¥& Aoz a4 548 Ashiedh
A BE FFEIAY T, T4E mPEGS PHBY AhE 24
A Ajo] wjEe] JeRt= dAko g T B AF J93ke 714 2zt
9] T, Br} WA ESAgch

28N & TEAL Ol N U e 0/ 5= Y. Y EF
FTEEAE TEN AollM 253 BHYE A8 At v
& BN AT 2EA} v]do] FdEE AL CMC oldeld, 1
2wl 2o QoM oY BE FEEE AKES AP

+

O

|

=
3% e B3 1A ndS ek 1At v A
g FEE UR FY PRoR Holxw, FAT i AR ¥
B2 TS FATITE A7) 23l g3 349 n®2 R v F
Fo] Aetelg)l o] g3l BYe g FAEY, e vjA 33
o] A3t} CMC 32 pyrene(F4E2)& 1EA njde] Y
Fol 2 FEF A9 AFFARAA FUANR F FF =S

=745},

Figure 92 m]4d Uliel pyrened £%13h G2 sEoA 23
FEZY BE AHEZS vehd Zolt). Pyrened 42 4%
& o37] 93338 ~340 nm) 3 AF (393 nm)-2 HElith
T

Concentration (C, mg/mlL)

0.01 /\
0.005 |

0.001 / A‘\
2z | 00005 f 7N
2 | 00001 /\/ FAEAN
ﬁ 0.00005 RN

260 300 310 320 330 340 350 360 370

Wavelength (nm)

Figure 9. Excitation spectra of pyrene as mPEG—co—PHB
concentration in water.

.y

[
/ la/has
/
z’/ —
/ yd Baof Bag
B

-55 -50 ~-45 —40 —35 —30 —-25 —20 -15
Log C(g/L)

Figure 10. Plots of Ao/ kss and Bay/kas vs log € of mPEG—
co—PHB respectively (pyrene excitation spectra).
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53, F% AHERS el Fgure 102 92 B5 358
AN (PEG—co—PHBS] o/ B3s, bai/bag) 5 o183t 27| o
ke 2ARE F 9% vlge] % (Log O %) vlusi A2
oA wakehs Aol CMCE vekigick 12t |)4de] CMC
= Al AlAEAA| SDS (sodium dodecyl sulfate) 7} 2.3 g/l

Ls Int. Distribution(Is)
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Ls Int. D:
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Figure 11. Micelle size in water suspension solution over CMC
as DLS(135 nm).

0.8 "
wm

o) 5kl 5X10 ° g/L olst= whg- ZA Yehdth £ AgelA
Bz} wjale] CMCE 5X107° g/l ¥l @A S9=3ck
2} v)Ade) CMCe] E3ol ARS9 pyrene?] 2 FAIE &
2 oujsAg £4 5% ool HE A E40] wET 19
ok st} wab 48 AdEeEg o Y ool Bdd 1F
2} n AL AjEL CMC Zhe zton ix) njde] Frel oFE9)
FEE go] masiol drh mital v A= 8] AdelA
DLSE AMgslo] 2450k 1 meg/ mL o181k =f-ollA DLS
E 243} A7} 77) BI= Figure 113 2o] ¢k 135 nm AF
oA vebel, Al vl F7)9p Bk 1Ea) vl 8o
W Axsle] 247 9= 5 AFME golRtth Figure 12
WeglAkg o) Feinl mExl vldz2A AFME olg3ste] €&
3ot} B AES T wiAt v Jel= 78 Ee BN E
9 & 5 I, R v A7) AFMA DLSE F3
¢k 135 nm AL A=

4 B

AR TEAR AEAEL] PHBE 44 1#AR] PEGS

R K

i o

d

50.0 nm
4 25.0 nm

0.0 nm

Figure. 12. AFM image of micelle using amphiphilic block copolymer mPEG—co—PHB.
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