-+ 408 - 222223} Acta Pharmaceutica Sinica 2008 ,43(4) ;408 —414

ErEBARBRFENRRROE FSEE

& 0, FHEER,H O£

(PIbREE 1. 25%6%, 2. MBS —ERE, 74 M 510080)

WE: AXERTRZ ZBE-RAE BV (polyethylene glycol-polybenzyl-L-glutamate, PEG-PBLG) P & ik BLIER
¥, HRAEBBENTE R & T #28/PEG-PBLC B BIAUK IR . 8 W R A IR E T BRI B R 25
AHE; RASSEEGHENE T BORSRE RS ; B ESMARHT I T K28/ PEG-PBLG B3R B REZ5 45 1 5
SRR DU ML 35528 T #4288/ PEG-PBLG BORRUASMEHIRETE s 5B iR RAY TR R T A2 BB AR A TR
MY 45RRY, PEG-PBLG BRABEM B K2 S AZRE ; S 12BE/ PEG-PBLG R fRi72 Y7 80 ~265 nm,
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Preparation and properties of self-assemble paclitaxel-loaded
core-shell type nano-micelles

YU Qiao', PAN Shi-rong'** , DU Zhuo'
(1. School of Pharmaceutical Sciences, 2. The First Affiliate Hospital of Sun Yat-Sen University, Guangzhou 510080, China)

Abstract: Polyethylene glycol-polybenzyl-L-glutamate copolymer ( PEG-PBLG) was synthesized and
paclitaxel-loaded core-shell type nano-micelles with amphiphilic copolymer PEG-PBLG was prepared by the
dialysis method. The drug loading content and entrapment efficiency were determined by HPLC. The
average size and its distribution were determined by dynamic light scattering method. The paclitaxel release
rate in vitro from micelles was measured by HPLC. The cell cytotoxicity in vitro was observed with MTT
assay. The anti-tumor activity of paclitaxel-loaded micelles were evaluated in tumor-inhibiting test of nude
mice using human liver cancer HepG-2. The results indicated that paclitaxel could be entrapped in
PEG-PBLG copolymer micelles and its size was in the range of 80 — 265 nm which increased with an
increase in molecular weight of PBLG in copolymer; in vitro the paclitaxel could be released sustainably
from the micelles. In high concentration of paclitaxel ( >20 pg + mL™") the paclitaxel-loaded PEG-PBLG
micelles displayed much less cell cytotoxicity than paclitaxel injections with Cremophor EL (P <0.05) ;
the tumor inhibiting activity of paclitaxel-loaded PEG-PBLG micelles was similar to that of paclitaxel
injections with Cremophor EL in the same paclitaxel concentration. It was concluded that the paclitaxel-
loaded PEG-PBLG micelles had more uniform size and size distribution, excellent drug sustainable-release
behavior, less cytotoxicity, good anti-tumor activity similar to paclitaxel injections with Cremophor EL. So
paclitaxel-loaded PEG-PBLG micelles would be a novel paclitaxel preparation in clinic for the treatment of

tumor.
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AR (paclitaxel ) & L1 GAZ B ALY P R B
KR —Fb BA BRI E KRR FR . &
EEAEK P VA 22 , I PR I Y R B R SR i/
RE L% BRI 5150, B 3 FL & EL ( Cremophor
EL, 3 RAIH BRI/ ToK 2 BE(50: 50) il BLHY
TEFTPRER .. BHRBRRAIFERIBERE
P RI{R S R B 2 BRI, 7= A L R N5 B VT
BRALFRBHE PR LB O REHE _HF R,
WRTEMTERN " . BREE X S REH
R EBRR A, WSS 4T REBHN
SR BIAR- BRI KR, FHE %™
W& TR B EAR Rk kR, BEBEET A
FEVESEREAR N EE, H&0EEE/
FEER R, Jeong 4" D2 H, 8 5 1 B9 PEG-
PBLG A&, W& T ELBAKRKRAHRE,
T TR R G S A R R 1 P &R
R _B-B A & BT E (polyethylene glycol-
polybenzyl-L-glutamate , PEG-PBLG) W 3% Bl fx Bt AL 5§
Wy, 2K B PEG, ZE AR A=A FRBIER, o
GEEIRIE" s HBK B R K PBLG, £ MR T &
He R A BRI R E BRI A A ER A ST 4
BRMERIER . FIRX PR B R Bt
RY), IKB R P 525Y88 B 4R TE BB -S4
GG BEIR, 3 7 3 25 e R ) S F8 € . PEG-
PBLG HyBi/K % Bx PBLG #4 B , FTAE A 2k PRE
YA A B K 2 I AR, g
KLY KA. FRAKMER) PEG JE S, R
JEEER 532 PR A B2 R G T 3K, 38 K 245 ) 78 L YR 1
e fEnt ", PEG 55 PBLG HY3t R4 A
A0 BB AR 2 e A b e

A3CLL B A B PEG-PBLG gk, il s 5428/
PEG-PBLG 4 KIER , B STl & AR 45 E 2B/
PEG-PBLG IR #EHZG & a3 BB A, 5
SAZBE/PEG-PBLG JXRIRSMREZ 15k, 40 M 2 1470
PR RE T 1, I S5 R L P B S A2 A IR EE
JPRA T AR HEAT LA o

HHEFE

##  PEG-PBLG. R FISCHA[ 14 ] 776 A Bo
B RAPRAE 60% TBMEN T /BT - FEL B 5=
(=R ) BRIRERE A A KRRV ERIRAT, &

EHEmMAERC_HEARBNGI R TRE, EK
PEG-PBLG £3E4),

B RERETEYEARBRGARAR, #5
JPO50901, ZE & 99.2% . $EAZBE/ R4, LM% B R
FESII (6 mg - mL™" x5 mL) : Jb.5% PUFF B 257 4 i
BERAR, FEEMIHE: A1%E, X E TEDIA 2
A]o MTT:XH Sigma AH], BEWR(BBHENIT
& 3 500 ~5 000) : b¥gak SRR EA R R 2
A%, HAEHE o,

HelLa #H itk ( N'E 308 L4000 « Bl K%
EwEYhil . HepG-2 dffdk : o IL KF L 5
Hl>, BABL/c #5: 4 ~6 AR, MPEHK
HLREHYHO .

WHMBEZS AR pH 1.1 FFRYEW : 0.2 mol -
L-! HC152.8 mL A 0.2 mol - L™" KCI 25 mL,
ZEMB KRR 100 mL, pH 7.4 BRRREZ W IE TR
(PBS) : J"MBERI AR AH, ¥ EE 21
VR P ZR B K B Z 100 mL, pH 10. 0 PURER4N
LEWYER : 0.25 mol - L' Na,B,0, 50 mL JifA 0.1
mol - L™' NaOH 18. 3 mL, FiZ8/K# B = 100 mL,

8% BB AR 5102487717 #Y, £ H
Waters AN o 44K 51 B 43 37X : Zetasizer Nano ZS90
B, RE DR ERAR. AEHZEBME:
CKX41 £, H 7% Olympus, [ BX % 5 & 4% ; Bio-
RAD Model450 #Y, 3£ [F Microplate Reader /A #],

¥IE/PEG-PBLG RRREH & HEMES
PEG-PBLG DL —E LBV T N, N-— I EHFBEAZ (N,
N-dimethylformamide , DMF ) /[IY &8, 1% 1§ ( tetrahydro-
furan, THF ) BB A0 o, 875 10 min, FEERE
HREFENTSN, BTHMWAK(2 L) F13EH 24 h,
76 12 h BT EEFEEK 24 h BB TR RORE
R, BRZREIZGY), BB TR E R
R

BHEMEHEWNE A HPLC WEARF
B SAZ B/ DMF V5 Wi IS T AR, i 2 A2 BE R i
Wl AL A A 5, FREUEE 42 8%/ PEG-PBLG
JEH 5 mg F§ DMF 5 mL ¥4 , HPLC Il & R 75 W
O BRRIETE R, S5 A ikl 2, B8 (1) (2) K
HRBORBABMEEE, ZE T PEG-PBLG #X}
ST RE BARNRABMEHRHEMW,
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_BORPEMEN R
AR (%) = R x100% (1)

BHE(%) = &ﬁiﬁgﬁggﬁ x100% (2)
BEMIE YRR DT E EAZRERE
RERLR R o
MRS B R AZEE 0. 070 0 mg B
VW 2 mL B GBI, B A B4
JRVEWR 20 mL B HETE Y, B TR G4 LA (94 £4)
min " SRERIR Y, RIEHERE (37 £1) C, FBFERE
AP 2R A IR, e oM F R B B A TR
ks Ezy, M HPLC M E B2 o EAZBEIR B
FHERRGENE, HERABRMERBRAT
He, B ) s PR, BOT39ME , RSN ERZ &
MRAZERNE  BOIHE KR Hela 40 ik
T 96 FLikFEtR S, G 1.5 x10* - mL™'fY
AW 200 pL, EWILE 11 4, BH6 fL: Xt
M4y RPMI 1640 35583 . PRI N E2BE/ RE
SN BRI VRS AR L3 4 O % A2 B/ PEG-PBLG
PRSP LA L34 43 51 100, 50, 20, 10
S pg - mL™ VB, SIHUNGEE 24 b E, ¥ L&
HIEFWBEIEAME L, 24 h 5 BBt w4k
L3R, F67 ~72 h LA 5 mg - mL~" MIT
20 pL¥EFR 4 b, RRBEFR, BILEMAZR LR
(dimethyl sulfoxide, DMSO) ¥ 150 pL, B 15 ~
20 min J5¥R¥% 15 min, FEFFRE 570 nm bR
W (A), M (3) X THE 4 A X 5 F 5
(relative growth rate, RGR) , PRE4H B g s,

A
RGR =-2%2 , 100% (3)
Az

WERE PO EAE KRB HepG-2 40, AL
A5 % 10° + mL™" B2 LB, HR L IR B T A
0.2 ml/H, 83 XJa, BaikEtlan 3 Ha
2,5 Ro RN ESRKEEREK, Ftkd
NS R B/ RA LIRS T A
12 BE/PEG-PBLG ORI WU FETES 4525, 50 & 10
mg - kg BERAZ 1 K, AL 8 K. BMIEE
d 20 4bFEEh Y, BUMBFRE, T B R K ER, R
#(4) ~ (6) KT+ MR AR | 25 %) il 3 i B9 E
BRI R IEER,

PR V =172 x K2 x R (4)

ma. (1 LBV HEE .
HEWEE% = (1 mﬁzﬁspigyag) %100% (5)

o _ (1 LRATHER .
R ER = (1 x—a‘ﬂﬁzﬁ%ﬁmﬂ) % 100% (6)

Git¥ERE FARITHEERHEEU 2 £ K
N, BRI RE AR HEST ¢ K038, P <0. 05 RAAGE I
B

&RV’
1 PEG-PBLG #R#iEMSFRE

& PEG-PBLG HISR-& R B , LR PRI B4
X4 RE M, BB ROV TT 46 B B B/ 5 R 5] BE R
(NN BT RTE R (R 1) o

Table 1 Influence of monomer/initiator molar ratio
(N,/N,) on the molecular weight of copolymer (M, )
Copolymer N./N M,
No A PEG block PBLG block PEG-PBLG
GE-5 12.5/1 5 000 1.36 x 10* 1.86 x 10*
GE-9 25/1 5 000 2.69 x10* 3.19 x 10*
GE-10 50/1 5 000 3.17x10*  3.67x10*

M, of PBLG block was determined by '"H NMR, CDCL, as the
solvent. =~ PEG-PBLG:  Polyethylene  glycol-polybenzyl-L-
glutamate; GE-5, GE-9 and GE-10 are abbreviation of PEG-
PBLG copolymer samples in which 5, 9 and 10 mean the number

of preparation, respectively

2 ¥1SE/PEG-PBLG RERHIBHEMEHE
SRA HPLC F 227 nm &b 45 #Y A2 BRI T AR
(Y) 5EEBRE (X)) MEIHFRN: Y =2 x10°X +
15558 (r=0.999 6,n=5), K. F. 5B 3 MEE
(10.1,30.3 1 50.5 pg - mL™") [ ik 24> Bl K
(100.7 +1.61)% ., (97.52 +1.49) % F1(98.15 +
1.94)% (n=3) ; B SRS 58 2.07% 3. 26%
1 2.19% ; H XG5 E 535 K 4.45% .5.18% F
3.07% (n=3) , BLEAM B 45 R BA G
PEG-PBLG WAEX 7 F & X 220 & i & L
F2, Y E M FE R [ E A28/ PEG-PBLG: 1: 10
(w/w) ], R R &5 PEG-PBLG FyAHX 43 F |
E%YIMEX, X PEG-PBLG fHXI7rFRE N 1.86 x
10* ¢, 5T %1k 88. 5% , {8 Y4 PEG-PBLG #5143 F
&y 3.19 x 10* i, A &AL K 38.3% , H Ny
PEG-PBLG " /K #x Bt PBLG M X4 F R E K,
FrIE BB fORE 3R T b 3R K % Bk PEG 1B 22 72 )5
/N BORFE S AFAE PBLG FI#RERHRANL, 35K PEG
BEAS BB SCHLBH 1F FRE PR IRl K M B SREMEH,
TE B SR 43 Bk AR AT , AT TR 25 a1
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Table 2 Influence of the molecular weight of
copolymer on drug-loaded amount and entrapment
efficiency
Copolymer PEG-PBLG Drug-loaded Entrapment
No M, x 10* amount/ % efficiency/ %
GE-5 1.86 8.13 88.5
GE-9 3.19 3.69 38.3
GE-10 3.67 3.44 35.6

Paclitaxel/PEG-PBLG: 1:10 (w/w)

BB BEMNE 3, KRN RAE
WEE EER ARG R, BEHRTRE,
HRARM 1.5: 10 (w/w) B, XA H R KHI
$io X BBSHK R BN 2 i 4R AR ki AN
Ko

Table 3

drug-loaded amount and entrapment efficiency

Influence of the paclitaxel-fed amount on

Paclitaxel: Copolymer Drug-loaded Entrapment
(w/w) amount/ % efficiency/ %
1:20 4.31 90. 1
1:10 8.13 88.5
1.5:10 10. 15 75.3
2:10 10. 54 58.9

Copolymer No: GE-5

S FRHA R F PEG-PBLG #8334>F A& 1. 86 x
10*(GE-S) , %44 #/PEG-PBLG H. % 1: 10 (w/w) ,
BEMRG B OE R LA, v R A4
Mz SRR i ER
3 &#8/PEG-PBLG KREIBE R 5T

Bl 1 2y 32 80k W48 1 %842 B2/ PEG-PBLG
IR L7 o A . E B TS BRSOy (112 =+
26.4) nm, HAMBHS , BEAE,

FEER Y FE X 40T SR B AR AR 43 AR B R
3% 4, K& PEG-PBLG MX}F R &1 K, PBLG
BER AN, BB ZE W K, X2HE N PBLG
B, PEG i BRI AT &8>, M PEG BB
SEAE T AR F R AT R AR R X,
R HRAR AR K,

JEEHR Y hife 5 LR MR V3 50 P O VB A B LA BV
Fl/KmAEEMEE BEWXA", LI DMF/THF B4
V6 0 il 2% BEC R, YR ) 40 %o R SRR AR B L4y
T BRI 3% 5, DME/THF {RFH R 6/4 B, BER
Bk RE R, A IR dL T, X W] RE R E H Bl

FEFIERPIEER . AR >6/4, DMF %,
RAREY), AR s R L < 6/4, THF B2, Rife
W/, 23 i S ; 45 DMF il £ B ORI KT
i THF #il& Rt .

Intensity/ %
=

0.1 1 10 100 1000

Size/ nm

10 000

Figure 1 Size and distribution of micelles from GE-5
measured by dynamic light scattering method

Table 4
copolymer on the size of micelles (n=3)

Influence of the molecular weight of

Copolymer No M,/ x10* Particle size/nm
GE-5 1.86 112 £26.4
GE-10 3.67 185 +£20.5
GE-15 4.13 230 +£33.2

Table 5 Influence of the solvent mixing
ratio on the size of micelles (n =3)
Volume ratio of solvent Particle size
DMF THF /nm
10 0 186 +19.4
8 2 206 £25.5
6 4 265 +65
4 6 195 +£35.5
2 8 172 £33.6
0 10 143 £14.9

Copolymer No: GE-5

LY SRR R R B L3R 6, Mk
GE-5 %45 3 i}, PEG-PBLG ¥ B/ 10 £%, BER
PR A4 —, X5 PEG-PBLG HAEEEAR
%, PEG-PBLG ¥ 5 , A HLIE I 7648 RAR R Y i
P P B 22 B B R, B B R, B TR Bk
BRE KM,

R/ IERYBNE R R F R R B
N7, BEB/IERYER LM, BRI RERE
¥, EARE, HIARARRIANRAYSHE
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I RER A, K285 T 5 PEG-PBLG 43T 2 [H]
RAEMBAER, 2B A PEG-PBLG 73T H9 IR
TRESHINER, (L H IS A EI R

Table 6

on the size of micelles (n=3)

Influence of the concentration of copolymer

Concentration of copolymer/mg « mI, ™! Particle size/nm

1.04 112 £26.4
2.07 146 +18.6
5.19 182 £17.4
10.4 209 +60. 5

Copolymer No: GE-5

Table 7
ratio on the size of micelles (n =3)

Influence of the fed paclitaxel/ copolymer

Paclitaxel/copolymer ratio (w/w) Particle size/nm

0:10 86.4 +£20.2
1:20 91.3 +21.4
1:10 98.8 £22.75
1:5 102 £26.5

Copolymer No: GE-5

4 ENE/PEG-PBLG KRR SMELSFE

BB E BB EI P 2 2 - A3
R A BRR TR B &Y BURHG B T8IE
RORATRITT R AL . SEH 3 FRHLRIRIN e NIFFIREY
PRIEERRZ BP SR DL AR I , R R ik R
TR 2R T BT 2R T ) 24 ) 7 S TR P RO R
PR YE L RAFLEY BRI, BB Rk
IR BT FLIE 2R K, ARGy Bom bk, 7T 3k 4b
Ja R 2 T AR I TE B o

Bl 2 3R % 12 B/PEG-PBLG K (M 5.
T12, AT I ) 3 178 HCl #% (pH 1. 1) ,PBS ¥
(pH 7.4) , IUFHFR SA R ¥h ¥ 9 (pH 10.0) H R ZY
Lk BERREZ AL : R AR, £
pH 1.1 A JR RE25 518, pH 10. 0 AR BB AR

K 3 Fahifesr % 81.9 nm (T11) 1 154.0
nm (T15) ) ERZGEEIRTE PBS ¥ W (pH 7. 4) k2
Lk, TERGBMHEARKRMGT BB/, B2y
FAXTHOER . HR¥E Hguchi 7772 , B2 AR STORI A B
FEARIE L, T 5 2% T AR SRR F 07 R Ho
RN, A I R 2 B BOR B R T ARBR , R 2 R
R

K4 FZRBRAGESH N4 31% (T11) F18.13%
(T12) B ERZGBIRTE PBS W (pH 7. 4) R 25 il
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Figure 2 In vitro release profiles of paclitaxel from
micelles of different pH solutions. n =2. T12; drug
load amount 8. 13% ; particle size (77.5 £14.6) nm
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Figure 3 Influence of the size of micelles on release
profiles of paclitaxel from micelles in vitro. n = 2.
T11; drug-load amount 4. 31% , particle size (81.9 +
16.7) nm; T15; drug-load amount 4. 56% , particle
size (154.0 +28.9) nm

o AR, KR E R Z5 P38, =B
PR, T12 A BRANPNERBAHESLLKT
Til, 8 hJ§ T11 §y BB H 4 it T12,120 h
B T11 F0 T12 9 BB F 43t 2 514 80.7% A
70.1% , Wi HHh 1:0.87, %y T11 F1 T12 B9k
BB B, 5B ELIE R/ MEZEA K, T
T12 MRAE I T11 KBL, a0 THEEE R
B PEH T12 ERBHE S WIRET T11, BT
TI1 5TI2 2588 1: 1. 89, Fi#7E 120 h 254
B EaSHEZ o 1:1. 64, X B E T12 B E
BN R EEBEN 208 T11 1§ 1. 64 £5,
EARGREN, EERAR/NIRAGEKEIR,
A RERIBB K EVBRRBE . ACEHT TI2
s P A RS A L B 0 Sh A R RIS B R S, T12
W45 : GE-S LR ¥ (M, 1.86 x 10*) H#
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e, SEA2BR/ 3R 1:10 (w/w) , BOREEE 3y
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Figure 4 Influence of the paclitaxel-loaded amount

on release profiles of paclitaxel from micelles in vitro.
n=2

5 ¥MEL/PEG-PBLG BRiyiksMAR B

A SLH R Hela 40!, MTT 35052 A &
(570 nm) FIVERE MM R EOIRIE . W32 8 W4, BEE
E I e BE S, FH M2 RSB 2 B A (I REAIG, RGR
RS, M R, YREWENS pg - mL™!
B, FHMEFISCES 4 RGR IFF R B 2R, B TF
SPER N 05 ¥ B R 10 pg - mL ™', SCER LAY RGR
BRETREH, BEEEMRN 1 &, BILEN;
WK =20 pg - mL~ B, SCHG 4 A9 RGR & T FHHA:
(P <0.05) , P BART AR B B PR
LR R 100 pg - mL ™, PR BB RS R 4,
T SERATED R 2, UHEZHAMTASRES
IHEERRTH , XA PEG HSNZRY, BE BRI A
F 20 s 4
6 ¥ E/PEG-PBLG ;3R %1 # R BT & HepG-2
Hy1E R

BB R AR BUE B2 F0 AP SMMC-
7721 RBIF EAS B PR BRI . ARSCRAA
JFF9E HepG-2 40 AR R R 40 bk . DAAE TR
oK Jaxt B, M T AR B4R 24 B BRI T SR

Table 8 Cell cytotoxicity of paclitaxel-loaded micelles

in vitro (n=6)

Group Cnncentrar.i_o]n i A RGR/% Cytotoxicity
/ug « mL Tts Grade
Control group - 0.914 £0.066 100.0 0
Paclitaxel injection 5 0.921 £0.077 100.8 0
10 0.710 +0. 081 71.7 1
20 0.636 +0. 056 69.6 2
50 0.372+0.050  40.7 3
100 0.210+0.022  22.9 4
Paclitaxel-loaded 5 0.916 £0.079  100.2 0
micelles 10 0.857+0.095 93.8 1
20 0.737 0. 065 80.7° 1
50 0.671 £0. 058 73.5° 2
100 0.464 £0.050  50.7° 2

*P <0.05 vs paclitaxel injection. Paclitaxel injection with
Cremophor EL

M BRBR N R BT HepG-2 BMEFT, RN
R, EHFKANMERNEE KRR BEE
FIRAREK 5 A2 B/ 5 48 00 B PR T Sp 5 F 42
B%/PEG-PBLG B R A M RI/E T, 45 25 /5 I
R EEMARS B RTXRAE(P<0.05),/8
MR AT, A H LR B 7 gt
FEX(P>0.05), i ¥2EE/PEG-PBLG BRFR X
BREATE HepG2 AR RA SREB/ REA LMK
BRI S AR DL RE . AR EE NS
R, %M B/PEG-PBLG IR B R Sh 3 /N T 542
P/ SRR 0 B JRR I TE SRR , TR A R AR 2,
HA i TR B BT B 6 S AZ MR Y I 24 A B A IS
B E#.

&ig

WiR AR B IL B YY) PEG-PBLG Wl 5 ¥ B B4
RIERAKBR ARG, K28/ PEG-PBLG ER
HAREFEES PEG-PBLC MMHEX > FREA XK. &
A8/ PEG-PBLG IR BRI 4> 70 8350, R 278
80 ~265 nm, [RH K125 KR A W B B H
Bl REYWE BB NE R, %128/ PEG-PBLG

Table 9 Anti-tumor activity of paclitaxel-loaded micelles on nude mice liver cancer HepG2 (n =5)

Animal Weight of animal/g

Inhibiting rate Inhibiting rate

Group amount Begin End Vfriilt/‘)f of tumor Volume og of tumor
begin/end g weight/ % tumor/em volume/ %
Control group 5/5 20.37+1.86 19.65+1.11 0.61 £0.05 - 0.48 +0.09 -
Paclitaxel injection 5/5 20.36 £1.19 19.73 +1.49 0.14 £0.02* 76.57 0.10 £0.06 * 78.52
Paclitaxel-loaded micelles 5/5 21.12+1.67 19.97+£1.50 0.17+£0.03% 71.13 0.13+0.03° 73.23

* P <0.05 vs control group
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R BARRAEM . BN I pH (E X 25 R
BABKEMR, RAR RN RABE —E
HIfEM . $A2BE/PEG-PBLG R 1B R T
HEREL VR B B SR TRAR LR B AR TE S50, (ELX 4R
BUTHE HepG-2 KT EAERRA SEVE/REAL
i B BRI TE SR S L B AR o
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