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Abstract: In this study, PEG—PLA (or PLGA) amphiphilic di—block copolymers were synthesized by
ring opening polymerization of DL—lactide (or glycolide) and applied to polymeric micelle system for
solubilization of a rosiglitazone as diabetes drug. The drug could be efficiently loaded into the polymer
micelle by solid dispersion technique, and the drug—loaded micelles were characterized and evaluated
as a drug delivery carrier by fluorescence spectrometer, DSC, and DLS measurements. The colloidal
stability of drug loaded micelles in aqueous media could be enhanced by addition of 2—hydroxy—/N—
picolylnitinamide as a hydrotropic agent. The polymer micelles also showed biocompatible and non—
toxic properties in vitro cell viability using MTT assay, and the drug loaded micelles were observed to
be more effective than free drug for decreasing glucose in blood of rats.

Keywords: PEG—PLA (PLGA) diblock copolymer, polymer micelle, rosiglitazone, hydrotropic agent.
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g o] 7}831E 918t AJF 0% WA Fg]T ek

HlolE2|dt] & (thiazolidinedione) A SFHER] 3] 22 2|El<=(pio—
glitazone, Actose), ZAZ2|EE (rosiglitazone, Avandia® 2 E
ZFElE(troglitazone, Rezulin) 5= JxH X 5A|2A] de] &
H7] Qltt o]F SFEES A&V APAS TAA|aL Qe
HAIES BEAIR oM Fiie] 241 XRE 7hsaA| sk= Al
28 778 dpdsiAlE B ABAZ e AR ek 4]
vk F2k-go] glal, oFE Fololl o3t A, 1k =4, ks 22>
A FALE Q= Ao dEA ok ol ElolEE]d
HeA ok G5 53 HellA st o gk 5A4E 7 aL
A5l Bkl ol 83l = ¥R o= W84 5 uliE
off A F-&2] AR ofet AAglel E oEe-E F3 SiTk
A, AR E-E-S TWAAI7I7] Slste] vheket Al o] AT
w31 ik

AT IS ABATE T R ol5EE IEHE ol %
slo] mAREAPEe 23l egEeEs audo® VRSl 1
Bz} o)A AL eIt 530l AAIZEMde] Hold poly
(ethylene glycol) (PEG) = At/IAAIZ 31 pL—lactide (LA),
5= glycolide (GA) & e]9d T861] PEG-PLA == PEG—
PLGA o555 35dxEs 38i8la, 1At 384 2/ W
3}E 33l oFE BUES T 7 QUGS W oe) HESE
gk Ao7t Ve gke Holqlet. AR, Al wjAle) sleka 24
 u)d ff o= Fgel] Wt wjadle] FRolt QPgAdo] #7s] A
SPATR= B SISick o2 st AadTre] Ao Z HE AtellA
P ARAR! EXFEEREl] FA8-S Haslela AEET
= Fol7] S18 71e3) AAEA G olFE S seEAE
B A vde HAgsla, 7R3 AAEA Y] Ess B8]
AR 238 HIAA EAEEEREY v dE Y B &
S skl WE Ass Alofstat sl el T oR W
=g A gl f QPYAS lel=RER T (hydro—
tropic) EIE o851} Fr71art sllal, #HEHOZ MTT assay
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Al2F 2 T2, Methoxy poly (ethylene glycol) MPEG, M=
2000), W ZujjQl stannous octoate (Sn(Oct) ), hydrotropic
agent?] 2—hydroxy—/N—picolylnitinamide (HPNA) &= Sigma—
Aldrichelx] #4Jse] AME38I%ITE PEG-PLA (B2 PLGA) o5k
5 FedAE 712 PR RAE ARSI, AR ESTE
o] IRARE AsP] S8l 7R o ® 710 PP 20 o]
galont, dake wARS 471 $1El AdiAAlIEA MPEGS)
AR DL—lactide (5= glycolide) €] REGHIE 8ate] §3313
o 355 SR AR DL-lactide (LA) ¢ glycolide (GA)
= Polyscience®lA 18k, ethyl acetate (Samchun, HPLC
S ol ARG s § AMgEIith EAEEERES ()5 AlEIE
A Algrtol ARESISITE 71 AR B 89l HPLC S5 A
gatglon, 11 919 Ak FAlekA] ¢k 1o ARSIt

| 2ARMS 01351 S 82 DjMo| M| E. FEo] 5, 10% (w/w)
o] ghfaleE U] PEG—PLA (5= PLGA) ¢} 37 one—neck
Zpe) Y E3-8ul (methanol/acetonitrile=2/1, v/v) ol &1
o} 2 52 kS Aol ogle] A4S Il F9lom ehds] Fgel
2 7] 5071 40 Tl zAstslell sFAA A 2 BEgo "
Y= % 37 T2 o938 331 SR 9ar vAo] 1= FAE =5
2351 AolFeict. vl golofA] FIEA] ¢ oHE2- 0.45 um
syringe filter & ©1-83l| AeF3Ict Aozl gt Zul2 W7 A 3
o ol sAESl] ok=o] e Y v dAE ATk

DEA Y 0| EMRM. FA4E PEG-PLA (B2 PLGA)
o] 318k 248 '"H NMR(INM—AL400, Jeol Ltd, Akishima,
Japan) & F3lo] #A45I9ick ok 9 Ay $o] wApdgte] T
9] W3 7] 91910 FTIR(MAGNA 560 spectro—
meter, USA) & o]galo] {41810t KBr pellets Wh=o] A&
Az 0] 400~4000 cm ™" Wl S A B
2k vl Bxjek B3I GPC(Agilent 1100 series, USA) S E3fo] £
A3k 5 71e) A# (pLgel 5 um MIXED-D & E columns), RI
)71, quaternary HEE gAFloH, o]} §Hi]l THFE 1 mL/
min®] F<50% ZAEITE PEGE 7|5 82 o838 Axy}
Ex)7]9] L5 BF 40 T FA8I%th

oREo] 4le o] G4 5A3S dotny] f18te] DSC(Pyris 6,
PerkinElmer, USA)Z &43}5th Aluminum pan®l] u]Ale] oke
T2 1 mg 710 ® S8aL VR IRR 13 it} oFE gk
S 28z 07 FH8IItE 20 mL/ming] DAV sl 5 &
T3 10 C/min® 31913, 0~240 T2 9] Ulel S8k -8
oo 2] PEG-PLA (F5= PLGA) v]Aa} oFgo] B2l njale] 33
727] 9 F3EE DLS (Zeta—potential & particle size analyzer,
ELS—Z, photal) 57 ‘s3lo] ERISISITE oFEo] Fde 1At v
o] ok BIE-S: ololr 7] 9Ja}0] HPLC (NS—3000i, Futecs) -
S Tt As AETY7I(INS—6000A, Futecs) £} Prontosil
C18—ace—EPS A (250 x4.6 mm, 5.0—um, Bischoff) & 223}
R, o st 17 gl E3+80) (phosphoric acid +4 M NaOH
+water : acetonitrile=75:25) & ARSI, oFES] UV—S313
235 nmelA 1 mL/min®] §4505% Aeelx] S48k

7| O/ S=(CMC) &8, IAE ¢ 3587 8- Wdel
A mks: Fgehs wiE ERIskAt #45771(JASCO FP-6500)
£ o]g3jo] E493193t)k Pyrene (Sigma—Aldrich) 2 H3E2% AM-
31131 7] THFe 521 pyrene £ 3%} 57l 34514
6.0x 107" M| 512 ARSIk 76 THRS AAE 91819 65 C
ox] 3ARE & 7Rl Flom Tl s aEAkgolel] pyrene
FNE 111 (v Z FolFdeh B3k pyrened] FFSEE fleie] 57
7 sample< =2ollX 24413 A8 S9E AR 5
1X107°~5 mg/mL 313112 pyrene®] W& 3¢S 350~500 nm
oA S7gsdck

Hydrotropic AgentS O|2¢t 0|A HME2| QM s} =89 ol A
oFZo] Bel¥ PEG—PLA (5= PLGA) vAle] 1z} ebgAde: 7)a)
7] S8l MES S5k Qakekegl(PBS, pH=7.4)°l 717} 0.5
Wt%R 150]31 37 T2 F24% Qlold] AR1el whz n)l 91x1=17]9)
WskE sl Sk PSS o] Slslel 54 A1Eel hydro—
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tropic agentQ! HPNAE Y¥a1 QP48 nwslsich

ME=SSETL 2 Agelxe FAE 22} v)de] BAAMS
Sol17] 951e] A=A Led7l KB cell (human epidermoid
carcinoma cells, SFAIET23) & o831 MTT A& $ A3 A
E5S ERto R 54 ofhg IsISIch KB cell®] 71 il
RPMI 1640(GIBCO) ¢l 10% -$-El& (FBS, GIBCO) ¥} 1%2] 343
AP/S, GIBCO) & 7Fslo] ARgaar, w8710l 5% COqs}
95% &7} e st 552 36.5 T 257t fA55% 3t
Tk AIES] eFg3te} AE g2k 915101 PBS buffer (Biowhittaker)
2} trypsin—EDTA (GIBCO) & AR3153T): 558k 96—well plate (cry—
stal—grade polystyrene) S 01489 cell = 2.5x1077)= 2}z
9 welloll #ujsIior] A& Fof A 96—well platecid 24413t %
ok wieFalit AlE 0.1~1000 pg/100 pl.2) 55%% PBS buffer
o] H%om 52 9k& 7$- 5% DMSO Follel] =91 ¥ KB cell €4
of] FoaIQitt. Alztel wE KB cell /3= ERISE] $1810 24, 484
2k 52k Wik = MTT(SIGMA, M—5655) ¢+ MTT solubilization
solution (SIGMA, M—8910)& A2Jgt & UV—=77](Varioskan
Flash, Thermo Electron corporation) S %3] 570 nm2] 3]
A FAEE SEI

MSSE Y G R 45742 93 Sprague—Dawley (SD)
(BHFA 160 g, % 3371 Z Orient—Bio Co.(371%, thgha=)
R Bk o} Al ARgSSInt APEES F5 50%, <% 22
+1 CE fAEE a8 ASsIsion] &3 AlEE A
Al AHE T AEF Tt & oY Yis Al 9
3}o] streptozotocin(STZ, Sigma—Aldrich) S AME3ISITE Wi F+=
37 Ao 3171 & 12A1%F A2 3 0.1 M citrate buffer
(pH4.5) ol 1591 STZ (45 mg/Kg) & 8750 dlo] f=8i3itk STZ
£ Folol 3Y ol 4ArREE FEAR 3 m] Ao g AES 5
3l Holxl e Hds S4sle] 200 me/dL oV 7HAlE AT
slo] Aol ARgBITE dd 5742 957971 (Roche, Germany)
= Abgalo] st

g ¥ 2 #E Y. 52 Yo (control RD)E H 15
(1) 2} A Ho(23.7% casein, 46% glucose, 23.4% fat©] E3F
% high glucose—fat diet) (control HFD) S W<l 1&(2) 0 & W+
AL 47 FE viF A 3EEEE St Wi ol 4
T 5, STZE 798 F55 v @ thE=(STZ HFD) (3), <=7
3} rosiglitazone F3-(STZ HFD free drug) (4), rosiglitazone®]
23" PEG—PLA micelle 5J:7-(STZ HFD polymer micelle, %5
YUE 5%, hydrotrope P137D (5) O ThA] WPral, oFE 4l oFz0]
Bkag m) Al (1) 9} (5) ol 27} rosiglitazone©] 30 mg/kg (drug/rat
wt) ] H=5 F 33] ATHFo] Siitk oks ol § 11 ARl 0w
0, 1, 2, 3, 45 Fofl AlS3iA g ozRe A iHst & d
FAslE TSIt Bk 15 A0 AleS S8l I AH
£ AzEisict BE A T $ ARsES 3P 714 histo—
logy #H2-E- 91519 heart, kidney, liver, lung, spleens- 27} 2&38}
ek 1 5 10% formaldehyde solution®l] 178471 % ejiE=
S 5o BASIY oM 4 im=E A4}819] Hematoxyline—Eosin 4
e =

E2|H, A34¢ #A3%F, 20109

3 - WE - 17

Ol gt - MhLe - A - BB

o

2 I EE

PEG-PLA(®EE PLGA)2| &M 2 SMEAM. 7t 7IAAIR] 21574
MPEG (M4=2000)F ©]€3lo] LA (== GA) S /MaEsAzc) &
3%l PEG-PLA (35 —PLGA) 9324 14K DL—lactide (=
glycolide) 8] @IS 24slo] tiekel 2] E5353HAE 4
3131, 70% oVde] #& FEES Rtk 7] FAEUN
A=} A FAE PLA B2 150091 o582 3531|924,
B212E CMC =443= Table 10l F2)a1th Figure 12 AjEAl
39 22 FFTA9 'H NMR #4232 HoiF1 glek PEG

Table 1. Characteristics of PEG-PLA(or PLGA) Di-block Copolymers

Molecular weight »  CMC®  Yield
Copolymers IR & PDI (mgml) (%)
PEG2K-PLAIK 2000 :1140 3000 1.16 0.0017 74

PEGZ2K-PLA1.5K
PEG2K-PLAZK

2000:1590 3410 1.07 0001 70
2000 :2140 3740 129 0001 70
PEGZK-PLGAO.8BK ~ 2000:760 2290 1.07 00076 84
5 PEGZK-PLGAI1.4K 2000:1380 2520 113 0.003 82

= W Do

“Calculated from the peak integration of 'H NMR spectra. “Determined
by GPC measurements. ‘Determined by fluorescence measurement.
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Figure 1. 'H NMR spectra of PEG—PLA (a); PEG—PLGA (b)
di—block copolymers.



Rosiglitazone 7}g-3+& 918t PEG-PLA(PLGA) I3A} njAle] Az W 574474 277

o] & el (—CHy—CHy—, a) 9T+ §=3.65—4.23 ppm, HWEA]
(—CHjy) 93+ 6=3.4 ppmolr] #2=)ar, PLAS] WEAl(—CH—,
b) I §=5.23 ppm, HIE(CHs, ¢) 3=+ 6=1.62 ppmelA] 1
H9lom, PGAS] WEA(—~CHy—, d) ¥)=3= §=4.83 ppmels] <1
=Holck 'H NMR 2418 E3F PLAS] ¥4 ARKS PEGE] o
T3¢ thet PLAS] WEl 3]72] proton W2 S vlwsle] AXKeI
11, PLGAS| ¥ AR PEG2] o€l =79 ofsh PLAS] HE
39} PGAS] #E#@ 332 protondZ HIE H|walo] ARFsiich
oli= GPCE 7% k7 A9 Akt dre Bylor, $de 1
Expe] Bl B (/M) 1.07~1.29 Alo]e] FH& FAEE K
Stk FTIR 348 Balo] 349 132K= PEGoME B 5 913l
d 7hRd 78(C=0) 2] 7 PLAE 1756 cm 'ellM, PLGA®=

1762 cm ™ol 22} glelsk 5= 99l o 2750~3029 cm™' (—OH),

2850~2990 cm ™ (—CHs, —CHy—), 1456 cm ™' (=CHz), 1070~
1280 cm™' (C—0-C)ollA Z}72+9] spged ol aigsls uiAte]
EAEAT 0] EAISS )18kt

QUAIDM 5=(CMC). F3aS B3l doixl pyrene 531
o] el MAA Fad RN Bro hai 2l V(4B 7F 543 ¥
sz 1ol e S AN s == ARSIl PEG2K -
PLAIK®] 7% 1.7%107° mg/mLelld A4 55918 glelslel
31, PEG2K—PLA1.5K= 1.0x10~° mg/mL, PEG2K—PLA2K*=
1.0x107° mg/mL, PEG2K—PLGAO0.8K¥ 7.6 X 10" mg/mL,
PEGZK—PLGA1.4 K& 3.0%x107° mg/mLE Z4= K Table 1).
o] AvZ Ho} AAJo] Hr} & PLAES0] PLGAEZ R} A)Z]
o We Froi mpde] PAEE= e & 5 9y, B vRA B
=Rl Zgele ik o® A B5 aiAfe] #algo] AR 9
AR FEE Aol RS & 5 A

TEX} 0S| B X MY 1Ale) okEo] SR male] o
A Ags dohry] f15lo] ARIFAL GEAIDSC) & B31e] 241813
ok PEG2K] 75 58 CollM] €-87( Ty o] #a=|3 oM, PEG2K—
PLAIK, 15K, 1K= 53~41 C Alo]elx], PEG2K—-PLGAO.8K,
1.4 K= 48~45 Coll 274 PEGY] T Q18 5= QJt) o=
=75k PEG 3ol PLA (53 PLGA) B3| Agsldx 2445 v}
2 FAZ7] wige|ok T, okeo] A Uil e v
7} BRIk ¢dar 1ol o2 E3ke Al5e] DSC A& Figure 290

ad}

< Heat flow endo

|

20 40 60 80 100 120 140
Temperature(°C)

Figure 2. DSC thermograms of rosiglitazone(a); PEG-PLA

micelle (b); a mixture of PEG—PLA di—block copolymer and

rosiglitazone (¢); rosiglitazone loaded PEG—PLA di—block

copolymer micelle(d).

o=

veERpgItE 2AFRERES] TS 125 Tl 29 lar, PEG—
PLA (%= PLGA) mA& ok 50 TR PEGS] 7h.0] YeERIT
PEG—PLA (X5 PLGA) 8} o2& Qo4 or 3t Almelxe=
PEGS} 2AZ2ERES] 7, J27}F 25 BEsle whdel] Fst o2
oRgo] Holyl nale =43k Algods vl FHS Seal gl
PEGS] 7;, 9|34 Tl okse] B4 8-39]3% BEsX] oottt
olgA Bl oFEd} BER] e okEe] dA] B Aol= ofE
vl el =R #gel & PLA (= PLGA) 5539
sPdoR Y AdElE wAf o Ejtue] EARRS o
pel=s

QISR IER| 0L BM. 8- AolA B5353AS] AP
FRlo= AR vz okEo] wlR wle] Ar1E 77 kY|
(DLS)E o]83lo] Z7g3}9irk. Table 20 RE kA1) oFZke] 5
Ade oFEsh vl A7) 9 e gist AyE Aelselch
PEG-PLA 01355 35852 PEG2K-PLAIK?] 73%-17.7 nm,
PEG-PLA15K* 17.0 nm, PEG-PLA2K+ 14.0 nm® PLARA}
ol wgl £ zjo] glo] vlwA fA3 vhe A IEHANE FA8INl,
oFzo] BS1E FollE ofest mAle] Pyl IR elie] o]
= AT 17~30 nme] W9 oluellr] sl =] o= A
g8t 4= ISitHFigure 3).

A uAl 2] guiRl oFREelS fldl aAktHE o838t
o] oFE-S wSlslolar, e anEARe] FAMIE 1:9(5 wt%), 1:19
(10 wt%) = 3fo] Ageirt oFzo] Ble At vde wa0x
A & wAVd SREEE GRS 17 Sl =91 F HPLCYA
< B3l iR EAEEElE] BEE Fsle], thae] Alo® of
=381 (drug loading content, %) ¥} 5-%]%-(drug loading effi—
ciency, %)= ZA7sIAch

30 N O

Drug Loading Content (%)

_ measured amount of drug <100
total amount of drug loaded micelle

Drug Loading Efficiency (%)

_ measured concentration of drugxloO
initial concentration of drug

Table 2. Particle Size of Rosiglitazone Loaded PEG-PLA (PLGA)
Micelles by DLS Measurements

Drug—loaded micelles Drug : Polymer(g)  Diameter (nm)
1 Rosi—PEGZK-PLAIK 1:9 174 +4.7
2 Rosi—PEGZK-PLA1K 1:19 29.4+13.5
3 Rosi-PEGZK-PLA1.5K 1:9 17.7+0.79
4 Rosi—PEGZK-PLA1.5K 1:19 21.7+2.96
5 Rosi ~PEG2K-PLAZK 1:9 21.5+3.2
6  Rosi ~PEG2K-PLA2ZK 1:19 24.9+7.7
7 Rosi —~PEG2K-PLGAOQ.8K 1:9 26.7+7.5
8  Rosi ~PEG2K-PLGA0.8K 1:19 20.4+6.4
9  Rosi ~PEG2K-PLGA1.4K 1:9 28.3+10.2
10 Rosi —PEG2K-PLGA1.4K 1:19 28.5+9.9
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Figure 3. Particle size distributions of PEG2K—PLA1K micelles (a); PEG2ZK—PLA1.5K micelles(b); rosiglitazone loaded (5 wt%)
PEG2K—PLA1K micelles (c); rosiglitazone loaded (5 wt%) PEG2K—PLA1.5K micelles (d) by DLS measurement.

Table 3. Results of Drug Loading with PEG-PLA (PLGA) Micelles

Rost. : Vield Loading  Loading

Drug—loaded micelles Polymer @) content  efficiency
(@ (%) (%)
1 Rosi—-PEGZK-PLA1K 1:9 85 10.9 924
2 Rosi—PEGZ2K-PLAIK 1:19 89 55 98.2
3 Rosi-PEGZK-PLA1.5K 1:9 95 104 99.0
4 Rosi—PEGZK-PLA1.5K 1:19 96 5.1 98.1
5 Rosi—PEGZK-PLAZK 1:9 90 10.8 97.3
6 Rosi—PEGZK-PLAZK 1:19 93 5.3 98.1
7 Rosi—PEG2ZK-PLGAO.SK  1:9 83 10.5 875
8 Rosi-PEGZK-PLGAO.8K  1:19 86 5.2 89.7
9 Rosi-PEGZK-PLGA14K  1:9 89 11.1 99.1
10 Rosi—PEGZK-PLGA14K 1:19 86 5.5 94.8

Table 3l 219 Aue} Lo), K5 AlSol that ekEslake
7] golF okl vlglsle] ExE o R BHaL eHEe] A glo]
& G BUENSS & AATHESRIE 87~99%).

Ojde] QIxt QPN =t oFESRT wlAle] 280 U YIS A
Zhel] up ]ixka719) WskE wHsle] skl Figure 401412
Ao} o] EXZefelEe] FYE 1A v|dES THT Uk
+ PEG2K-PLGA14KE A9Jgt B& v]Alo] §7] gi= st

o] 29 o] Yt FPY(17~200 nm) & 7HIE 2

=
=
AL

st

E2|H, A34¢ #A3%F, 20109

—=— Rosi(5wt%)-PEG2k-PLA1k

1700 ~ —o— Rosi({10wt%)-PEG2k-PLATK
—4— Rosi(5wt%)-PEG2k-PLA1.5K
o Rosi(10wt%)-PEG2K-PLA1.5k
—+— Rosi(5wt%)-PEGZk-PLAZK
1650 ~ —<— Rosi{10wt%)-PEG2k-PLAZK
€ —»— Rosi(5wt%)-PEG2k-PLGA.8K
c —0— Rosi(10wt%)-PEG2k-PLGA. 3k
T 16004 —%— Rosi(5Wt%)-PEG2k-PLGAT.1K
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Figure 4. The colloidal stability of rosiglitazone loaded micelles
in distilled water at 37 ‘C by DLS.
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Figure 5. The colloidal stability of rosiglitazone loaded micelles
in PBS at 37 C by DLS.
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Figure 6. Enhanced colloidal stability of rosiglitazone 5 wt% (a);
10 wt% (b) loaded micelles by hydrotropic agent (PBS, 37 C).
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Figure 9. Histological staining of the organs of rats treated with
rosiglitazone or drug loaded polymeric micelle at a dosage of 30
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lung, kidney, spleen and liver in the treated group (rosiglitazone
and drug loaded polymeric micelle), respectively (Hematoxy—
line—Eosin stain, <100).
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