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E5: B AFoHE (-)-epigallocatechin gallate(EGCG)2] WERE 7NA3} Al (slow release) 717+ AFE 2135l
Lee 5°] B3 VYA NS H-831od (Bioprocess Biosyst. Eng., 2012, 35, 297-307; J. Biomater. Sci. Polym. Ed.,
2011, 22, 753-771), =43 H]SA 81|21 dimethyl sulfoxide$} ANEHES-S Z}z; Snfj} H]&u] 2 AlE-5le] EGCGE
HA g Aot =g A E Aok EGCG BA] kel YiedAke] Bt Z7]= 160.5(+7.2) nmOl AL vt
AEfZEE 32 —13.9(0.14) mVolth. & Ate] WEAF A Aetel Y=zl TXE EGCGE] 66.5%7F ¥
ZFATE 2 A7) WEAHAA EGCG BA Agtsl Y9 xte] WEEALL, EfAl(trypsinyS H7Fte EGCG
o] FAETe] 7igstEo] WEo]l FA3] F7H 23417k ALl T WMEAITRL oF 60417F 5F EGCGO] A4
< 24

Abstract: In this study, gelatin nanoparticles loaded with (—)-epigallocatechin gallate (EGCG) were prepared by nano-
precipitation reported by Lee et al. (Bioprocess Biosyst. Eng., 2012, 35, 297-307; J. Biomater. Sci. Polym. Ed., 2011, 22,
753-771) in order to improve cumulative EGCG-release efficiency as well as to extend the period of slow release of
EGCQG, using dimethy! sulfoxide, which is a polar aprotic solvent, and ethanol as a solvent and a nonsolvent, respectively.
Average size and zeta potential of the gelatin nanoparticles loaded with EGCG (GNLE) were 160.5(+7.2) nm and
—13.9(0.14) mV, respectively. In EGCG-release studies, GNLE released 66.5% of the amount of encapsulated EGCG.
Moreover, GNLE showed a slow EGCG-release behavior for ca. 60 h except for the period of 2-3 h during which EGCG-
cumulative release was increased rapidly due to the acceleration of EGCG-release by the addition of trypsin.

Keywords: (-)-epigallocatechin gallate, gelatin, nanoprecipitation, dimethyl sulfoxide, gelatin nanoparticles loaded with
EGCG
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H2k= AF AES FEW A 02A F oprlollA 1
Zlof| =go] Fo] Q& 7]7F AnlE|o] ghth? HZxjell= &
vl (flavanol), Z2H(flavone) ¥ Z2}H = (flavonol)Z 74
¥ Z2]9= (polyphenol)°] T 5] 3laL} 53] FHH|
Z1(catechin)z} 7] Zg)dEolels A7 F s =rt $F
FrElo] Tk FH2 AollA] olejgt Fejule of, EF 3
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ZFol 1138 A st= 7He 7 o] AL, (-)-epicatechin(EC), (-)-
epigallocatechin(EGC), (-)-epicatechin gallate(ECG), and (-)-
epigallocatechin gallate(EGCG)] WI7FA] &A= g% o] Q)
th! 2 FollA EGCGE =3l EAlsks & 7HIZ19] 65%
£ AA st 7P FHeka, A8 'l e 7HIRloln?

ARl A ke ke Ao oA
S WHEAZ & e, EGCG 5= Wer|Eo] 7R
o] Al &EE A NAE F = Aol sigdh!
EGCG A&l AM-E1E YA 282 lipid Yed#l, #7140
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(-)-Epigallocatechin Gallate (EGCG)E HX|gH A

YA 2 Atz 2o whlE sgto] = 7k Ve qiA)
2 At AA AT ARsi o] AL =
AL AR olth " ARl 7 Eoll= &3l A
Ot A2 2 (35-38 °C)ellAl 9] T2 Eollx] hdskAl &
Hop e Aeiel o] x4 At Rt 2 o IF
£ &olatA sta, giks 53 FEES A g et
glo] A HYAAIRTE Bad 7 ojA, depd
AR QA Hellxe] =8k717ke] AR=| AL oAl el
AEo| HUAL BAE A QITh 7Y el QAR 52 A
7] #& AA A2 macromolecule)®] 32, H] w2 bk
2 < 7K e o B2 FHE 7R, AE7HA H]
73T AA ] FEA ARE AT A2t E2bs oE Ts
S et s fEAskE Fote] s e
%
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Al gk I 717 Ak Ak, bl wisle] by
AzA ge] 2ol P 9] Fojo] FDACY 2fsto] <l

Honda 527 EGCGe} A2t SHolA &38A17] L,
SEA| 24 4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-methyl-
morpholinium  chloride(DMT-MM)2}  N-methylmorpholine
(NMM)E- 718k &=} (dehydrative condensation) W&
S MAX EGCGS}F Ahelo] 7hale 234 F2] EGCG-
conjugated AZ}E1S A ZsG =], 42 Fo] AR
7t EGCG-conjugated A 2hel 2~HX] -2 Fof] HA A
Bl =|oA EGCGeL Aetel £l 2 7Fe] Er53A1¢]
7he] HeAS Byttt T3k 7kwE EGCG-conjugated
AZ}El S EGCG-conjugated A Ele] B3l & =F30H,
= AF5A EGCG W&S AU (delayed release)r ZTHAL
B33 th Admire 52 sodium tripolyphosphate(TPP)E
polyanion® 2 3}a7, Z4F8-olef| (+)-catechin hydrate == (-)-
epigallocatechin gallate?} 7] 2-3H 7]|EAHS polycation®
Z 3, 7HIZIS ERskes 718 YeYAE polyelectrolyte
complex HOZ A 23159 Th Chen 527 71871 &3} A
gl golS 2y sotsie], At 7|71 ZHzke] A=
I 3 FAsK-0H)Y7] 7He] A ol ©]sted 200 nm
olgte] FxtE 7= 2t FHIXIA R Ve dAE Alx
3FaL, 7HZ] EA] & (loading efficiency)y> 96%E Z3}3t]
Ae] BE FHZIo] thedate] BRI EATAL BAlsigict, B
g A 7HIZS FHEIZ AR QiAo A ERAL
(trypsin)el] o1&k Aepelo] fa S AAlstdokar B skt
R R e SRl vERASS St A9
st Zlog dHA drh 7HIS AR AT S
Z}-8-(hydrophobic interaction)y2 F8iA4 FeAS d4 4
s} 8l 3E=e] lokurea)et 22 31l vl AE|d o]
A (destabilizer) A 2]ol= B3l 2402 oFg3iA7Ict
3 RISt ey Chen 5917 Atolx] Aiglzt
FHIZ] 7He] 2F A FAATE 96% o] =& BAE
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< THRAI Agte o 25 FHE71e] WES BriFoR
Aol BAFge=EH, 2 7HEIZ AR ey zte] M7 W
& AIAEA Y 284S HETE Chang 5277 74
ANE A EA P ZHUVECs)l| HAHE o JEHIL
2 (integrin)}S ¥4 3h= &7]d (arginin)-ZE}o] A (glycin)-oF
2=9}€]2H(aspartic acid) FEfo| =2 AEE ARI/EGCG Y
=972E Chen T o] oAl ofste] A|lzsted, 2t
gt AR A52] ¥2] (corneal neovascularization)s $g A
Qtal o 2A A E YA ze] &4 A5t I3
RS ARSI Baskth. 28y Chang 527 oF
EWE As 4l oA Al FAEFE EGCG7H
ol carboxytetramethylrthodamine(TAMRA) 8339 &5 A}
8319 TAMRA FFAE2] oF 11.5%7F HEHATL B
stk g, Lee 5275 Fefoll &7 s &4 X
A Y=zl @A 8] flete] A& EW Y=
(nanoprecipitation)s 7873 ke T AR v}
o] Azl Ao A&3l3rh. gt Lee 52 28] W2
o] o} single stage W21l o/w/o AEAHS 285l ulF
2 e (paclitaxelyS g3+ Aetsl Y= Axst, &
A oF=o] WEEA =M Ayl Whejizlel] g@AE 3=
el o] M (slow release)yS Y53HATH

P2 &l (protic solventy= 73st F=AA T e o3t &
Hste] 8385 83alr7|aL, vlEAMd Svll(aprotic solventy=
2 32 2 E(dipole moment)S 7HA7] H3L 22 A=
ZH(dipole)E Fatd FHlste] &4 gaiAZIth Ka 527
o-nitroanilide”} =73 B] %213 (polar aprotic) &1 <1 poly
(aryl ether amide)ol] 8532 Gufjol] 23t 2T m= W
slol] oA, oA F8AI] 4 v &l At
o-nitroanilide E2} W] =4A%-S 73 o-nitroanilide FA}
7ho] FAATE st 23 Ag FAeThaL Barst
Arct.
B AFofMe EGCGY] HEEE 73 Al (slow release)
17F 7S flsted, AALEAZA Aeiel s 83t 3
FoFERl EGCGE et Aetd Y=dgAE, =4 HS
24 €72l dimethyl sulfoxide(DMSO)2} oE-e-S- 712}
nf o} B2 ARE-ste] Lee T01°%% BALgh =3 H
Agote] Azstal TA sk Eo Alxs EGCGE
sk At e gAke] EGCG WEEAS EFLAY e
2 79 A 3o AFEAHSE o] #ESHAL, Chen
I} Chang 597 A+ Az} vl FA 315t
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Alef 3 M=, A2}l (Type B(bloom 75)) 2 Pluronic F-127
2 Sigma-Aldrich(USA )4 Fuliate] ARE-31ITE. Dimethyl
sulfoxide(DMSO)(extra pure, 99% min)= OCI Company
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Ltd.(gH=n)oll A Fujate] A8t (-)-Epigallocatechin
gallate(EGCG)(No. 70935, purity >98%)= Cayman chemical
(USA)oll Al Fufste] ALg-atich 2 FEFG S| = &
(glutaraldehyde solution 25%) Merk(Z elx Faiste] AL
2319 th EFA](trypsin)(Biochemica 936132 Fluka(Z=$]2>)
ol ulale] ALg-sT.

Lhc 2 8ol o3 EGCG BHX| Matel L X} HX,
ATE 40 mgs F4 ¥ FAA &vid 2mLe] DMSO9
60 °CE FAIsHAA 83A17]aL, wkgh o] EGCG 1 mg
S H7rster A A A 24 pluronic F-127 128 g2
30 mLe] ofghEol H7ste] 8§45 FHIgH F, EGCGZt 3
7t AteE-g-g B]Euil oekge] Attt 158 &
o 7hARA 5% SFEFLHS| =8 96 uLE 7k, A
A AT QA 7hA717] flsked oF 12417 E<t
950 rpm o2 WHFSIATE A E AkE Yz E 3t
|H2 1587 12000 g= Y4lite] Tl 435 (supernatant)
< AAsT e A ez 6 mL SRTE A
7t AfEAFSE o] 1587F 12000 g2 P4 R sk 3%
N5 AASA. FFA= AAT EGCGE AT depdd
WedAE 275 °CR A Edstal $A71x7|= 2d7 1%
AlZAT.

EGCG HA| HalEl L=glxtel 37|, MEIZHA H +
£ B4. EGCGZF 9| dtel v=giAte] =71 B3 Alet
ZHd & S48 flske] A E 574 7] (Malvern,
Zetasizer Nano ZS, F=)E o834 372] A 55 A3
747} 33) 248G B9 $AA%2 Az Fo| A
el FAE S5t & (vield)s HEskith

EGCG EtX| ™ael Lhrgixtel SEM ¥ TEM 241,
EGCG7} EA1 ¥ Aztel Yi=i#ke] SEM #4415 915k
scanning electron microscopy(Hitachi High-Technologies,
SU-8220, A)S ARE-SIITE SEM 240l el vhe
PR M2 ] S Frede] FAATIL A B
7] Aol Az Fof] MFO R sputter THAIF|IL 15 kVe
71244 scanning electron microscopy® EGCG7} ©A|
B At hedrte] AP E AFsislnh =3 547
%3 EGCG7F EA1E el We=i#ke] SEM #4123 8l
ok 39, EGCG7t HA1E Azt Whe=iate] TEM 445
#3le]  transmission electron microscope(Hitachi High-
Technologies, H-7600, €5 ARSIt TEM 4 oM=
Ae] Ve ap Al e gk WS HEAE"E 8=
(carbon-coated grid)ol] HAA7| 3L ZF oA 25 °CollA
24717} F7F AZ3E Foll, 100 kvellA] TEMO.Z HasI3IT).

EGCG EA| A2tEl L=Xte| FTIR 4. KBr &2
EGCG7}F HA1E Ak W=z £ 100:19] HE& &
Fatal EFES AF3te, EGCG7F BAE Aetel vey
2F g Azstedt. ol g Helle] FTIR 22 E- (Perkin

Zay, Al454 A23, 20213

23]

Elmer, Frontier, USA)S 3lo] FTIR 45 a3kt

EGCGe| E&=JM(Standard Curve) M. 1 mg EGCG
£ 100 mL®] phosphate $+2-&(PBS, pH 7.4)°l &-31A] A
A1 0.01 mgmL FF554 YAE Azt o] Aods PBS
2 A< 32439 0.0075, 0.005, 0.0025, 0.001 2 0.0005
mg/mLe] EGCG §-& A X3 THA). 3, 92 100)
3]413}] 0.001 mg/mLe] EGCG &S A 2813t} o] &
S PBSE 3]43}] 0.00075, 0.0005, 0.00025, 0.0001 2
0.00005 mg/mL®] EGCG &5 | Z3}3THB). ©]¢F 7ol
AzE 7 T (A, Bell tigh F85E 280 nm gl A
Z=738lo] EGCGY EET4S 75313t

EGCG EX| H2tEl Li-Xte| BX|gE £4. EGCGE
A G Ao V=9 ab Alzgg oA dalEe] ol AA"
AEde] EREE 2483 EGCGE B4l 7)Es)]
T3 At Vet "R ER] 94 5ol EGCG F
Lol Al FuE Fate] HlEAE EGCG Y (free EGCG)
S =&t =53 vERE EGCG %42 4 (1ol tiYY
3lo] EGCG A& & (encapsulation efficiency)S 1-3+3Th.

EGCG - fiee EGCG
EGCG

Encapsulation efficiency(%) = x100 (1)
where, EGCG: EGCG-input, free EGCG: Mass of EGCG
dissolved in the supernatant.

EGCG HX| HZtEl Li=iXte| =
Entrapment E884. F=lES HFs7] flste 5247
Z38 Ak e dAF 10 mgS, PBS(pH 7.4) 50 mL7}+ 2zt
20 F ] EepaAe, b Artetal 7+ Fekaa s 7l
FHS71E o83t 37°CllA 100 rpme = ZIEslAA] 7}
Z} o g AlZell MEHEIL, ZF A1EL] 280 nme] gl
Ao FHEE 43I A" F 24 A7 Fol 4] &
g}z EYAl 25 mgS F7Isith I8 310, 20, 305,
1,2,3,4,5,6, 12, 2477+ 2 2 30 10, 20, 30i, 25, 26,
27, 30, 36, 42, 48, 60, 72 = 8017+ MES zHzt AjF 5t
o 7¥z7te] FREE ¢ o Zhzte] EekA AsH

sisict.

=

Aot o ==
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Lt Holl 2|t EGCG HX| ®ztel L=} 37|,
MEIZHA 2 =8 24 ZI} EGCG B4 Atd Y=g
2+e] A7 PDI 32 ZH2F 160.5(x7.2) nm3 0.167
(20.068)°19 3L o AR 312 —13.9(20.14) mVelS]
o} B3 EGCG BA] At Whegirke] 782 33.7%°|31Th.

EGCG EX| H2}El Li-iXte] SEM ¥ TEM &4 Za},
EGCG7} BX€ Aztel Y=x}e] SEM 2 TEM #2423}



(—)-Epigallocatechin Gallate (EGCG)YE BAIgH Azt WhefiAbe] Vel S o8-8k Alx

£ ZH7} Figure 1(AY1(B) ¥ 1(C)9} Zt} EGCG7} HA1E
Akl Wheffte] Az ol feje flolx] 4k SEM o]
rRet FAA% $o] SHE WedAke] SEM olWIAE 7}
7} Figure 1(A) 2 Figure 1(B)e} 7to] #2319th. EGCG &
A Ak YeQxte] FeHe dubaoz Fof 2HE
3, EGCG TR Aeel WeiAte] a7)s d=iAlel o
Bt 2719k frAkHAl S AT ¢, EGCG B4 Aeiel

=9 A= TEM microscopy®ll ©]3H4A Figure 1(C)¢} 2]
o 22 AgEl Yarse] g3k FAAEASe] FHEESA
o} olelgh Auhel vhiegiake] FAdolA o 2R e Ake]
A7) A mlo]de] A7)ep ARSI, Aetel vhieg)
A7F Al ol AR LAYkl A Lee 5 H2
I} A8t

EGCG HXA| M2tEl Lt=2Xte| FTIR 24&1. EGCG
Agtel 9 EGCG7F BA1E Afel Yieqizke] FTIR 472
=2 73 FTIR 22 EHS Figure 29} 22t} EGCGE] FTIR
ZHE A 3349 cm’! A 9] Sl =27t VR
3, o8l 3w e sto]=54 (hydroxyl, -OH) 712] %1
ol 7]eladth Aete el FTIR 2~ EFA 16323}
1520 ecm™ A ol|A #FE A E50] YeRGAL, o|Egt 1=

(A) (B)

©

Figure 1. SEM image and TEM analysis of EGCG-encapsulated
gelatin nanoparticles (GNLE) prepared by nanoprecipitation:(A)
SEM image on glass plate upon drying; (B) SEM image upon
freeze-drying; (C) TEM micrography.
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£2 7}7F C=0O(amide I) @ N-H(amide II) 71¢] #3%1%]
713 B 3281 em” 24 2] F5etollA] AEEle] X]
W< (aliphatic) ste]|=5471E U= 54 927} vk
t}. 3, EGCG7E BX1€ Aghe Yi=9lzke] FTIR ~HE
Holld = 3293 em™ 2A19] FtiollA slol==471E vet
e 54 I327F JehbA, Aegle] A= slo| =547
7t A 3281 em”! 2A ] Sl 9] o]so] HEES]
o} o] gk & AelM el Fthe] o] 5dE-, Chen 5017
Bk Aetele] slo]|=547]9F EGCGY slo|=547] 7F
o] 44T o7 ¢lE EGCGZE X8 Agte V=gt
slo|=EA7]1E Yeill= 54 139, Akl slo|l=54
719l &4 m=zo] I (wavenumber)S! 3426 cm! 2 5-E
3388 cm 0.2 0] o] FRHT} T Aottt webA E AtellA =
A g o] ste] WA o2 A3 EGCG
7F @AE Aebe e Ak= Chen Fo1* Harsk Agtel v
=0 vlste] FX]E EGCGSF Al B} 7ol 42
o] FEo] FH R T AHojx, defd o v R FHE|7]
o] WpZo| H7lA o' FAEA] ¢35l A 5] WEE oA H
A¥ EGCGE] AYA| o]-8-E (bioavailability)e] 7| =2]2kar A}
EHH

EGCG EX| H2}El LI-2IXle| EGCG WE &k =4,
EGCGE A At Y=JZ19] in vitro SFE4A 30
A in vitro SFEREAT 2447 - EFAl 25 mgS A
20 ARl H7tste] depde] thild S Fajjsie] nEd
EGCGE W97 3ttt EGCG A4 Aatel YieAte]
in vitro SFE3EA G oNA 280 nme] IHFAA A7k ME
= Figure 33} 72t}

EGCGe| EF3M 4|(Standard Curve Equation). EGCG
o] ¥FA B4 A2 280 nme] oA thga e A

%T

4000 3500 3000 2500 2000 1500 1000 500
cmrt
Figure 2. FTIR spectra of EGCG, gelatin and EGCG-entrapped gel-
atin nanoparticles (GNLE).
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Figure 3. EGCG release absorption profile from EGCG-entrapped
gelatin nanoparticles (GNLE) prepared with DMSO and ethanol as
solvent and nonsolvent, respectively, in PBS (pH. 7.4).

3 2lo] =&F U M4(x) 0.01, 0.0075, 0.005, 0.0025,
0.001 & 0.0005 mg/mLe] EGCG &9(A)9] F3%= =33k
(Y)O-ZHE y=49.978x +0.0019(R>=0.9977)2] FF==A 2]
S kAL, W\EEx)2] 0.001, 0.00075, 0.0005, 0.00025, 0.0001
42 0.00005 mg/mLe] EGCG §-4(B)S] §3%= Sy
RHE y=42.661x+0.002(R*=0.9604)2] =428
aFiet.

EGCG HX| Hz}el L-lXte] EGCG EX|SE8 &4
2 EGCG W&, B A7l EGCGE FA%H Zila}% e

PAke] PR g8 B0 EGCG BREE-E 92%ZA Chen
So|% B3 96%9] YA R &R A AT kA
EGCG &4 golA ?ﬁ% 10 mg®] EGCG-EA] Azel
=R GAE EGCG % 023 mgl & AF Qe §HH,
EGCGE BXe Azl ‘ermz}gl in vitro 2FEEAE o
21 280 nme] BFFoxe] 7] BEEA Aoz a3k EGCG
o] W=7 3=0|= Figure 49} Zth.
el o8] AlzE EGCG B4 Akl Wedxh=
?— 24MZ7HA] EGCG 73 W&o A3 S7kehe
S W 0.03 mgell =&3ld EGCG 72 WEE|
BT} 2 3o EGCG HES 715317 9
0}04 l’d“ A7k Felle Ao ezt $43] &
T4 WEFe EYA HVE F 2-3A7WK] 54
3] S7Fstsith. wEbA Chen 57 AellX o 22 7HIIZ1/A

Ky

el Ledzle] Azt 4A4%E JHIZIe], EFAl] 9
Els Z“E}El 2o digh Al HEEA] Ut A, 74
WEFE o] WEAIR] 60AZ7kA] A1413] ~7}oh
a -?T B 80A1Z7HA A% FHlE fAEAH. WEE &
EGCG %2 0.153 mge|RaL & 73] WEES 66.5%°] AT
mEbA 2 At WEA A Uedyd os) Alxd

Zay, Al454 A23, 20213

90

Cumulative EGCG-release (%)

0 0 20 3 4 s e 70 8 s
Time (h)
Figure 4. EGCG release profile from EGCG-entrapped gelatin

nanoparticles (GNLE) prepared with DMSO and ethanol as solvent
and nonsolvent, respectively, in PBS (pH. 7.4).

EGCG €A Azgtd Yx=zhe, Ay A4
2 EGCG thalol] A3 TAMRA E39 59 oF 11.5%

7F W€ Chang 5917 917 Arch @4 958 oFE W
98 (%)S B B} Chang 527 WS4l
WE A7 30A 7R o), B Agre] wE A A U

=3 s Alx

zENO E%D\]

¥ EGCG B4 Aghel YJigdzle] ut
=5 A7¥ste] EGCGE] FAHE%o| +43]
Z7¥eE 23A7H ALISE 60X 7R M-S BT B
Chang 527 0%“5@1@011*1 EGCG®] W=0] B7p Ao
2 BEe Ageld =243 EGCG thile]l TAMRA
FFEEe] HES AP R Chang 5217 W&
oA old== EGCGE] WEE& (%)= oF 11.5%H T &
A o AThal A E AT mepa] 2 ATl ezl ol
ofsf Alz¥ EGCG BA Azt Ymdabs, # A2 ¥
S4% Ao} o] Chang 5917 A3 AR IR
gk EGCGe WE8& (%), O 58 A4S 542

7HR e o9} 7ol E AfolA] Alx2¥ EGCGE BASH A
el U=izke] EGCG Aol oste] 9 Feplls &
A 254 58-S BalA g sleie °J ke R

IE AT 5 Ak

HU

fole B> 2

g E

73 BIgA 8viel DMSO9} oehe-S 7H7} gujj e} v
G2 AJgsto] A o g Axg EGCG BA Ak
heiAke] 5498 78kl EGCGE] W78 A8kl
EGCG A Agtdl Yyx=dzte] HFa71E= 160.5 nm
7.2 nm)°e| AL B+t AeRzEld 72 -13.9 mV((£0.14 mV)

o|AT}. & A WA PN =l ofal Az



(-)-Epigallocatechin Gallate (EGCG)E HX|gH A

EGCG HA Azted Y=Y =t=, HAE EGCGE] 66.5%7}
WEEH AL FAE EGCGY] °F 11.5%7F &% Chang &
o7 A ARt ¢ 5% FE WEEE (%) BATh
B4 Chang 597 SF2Ed @A BE Al 3047
AR, 2 Ate] EAF A YAyl ofs) Al

Nor
o

A7¥ste] EGCGe] Aol #43] 37k 234
AL1gE 60AI7HA] Mg/ & HAT. Bet Chang 527 ©F
LS EGCGE] BEol M7t or g== A

WERE (%) 280 IR 4 Ao AXEAT web 2
Aol A ez el os) A|ZzE EGCG BA Ak o
=Yk, & A7) WEAE A 2ol Chang 5917 A
3 Az o $53 EGCGE WEE & (%) 9 $53%
MRS B0 EA] 7

HARR| Z: o] =E-& 20199 AR (@S2 APos
S ATAIe] RS ot 3 E 712 ATAIE ] (No. NRF-
2019R1F1A1059707).
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