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Metal-free Melanin Nanoenzymes for the Treatment of Liver Fibrosis
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Abstract  Metal-free Melanin nanoenzymes (MeNPs) were synthesized via the free radical polymerization of
5, 6-dihydroxyindole as monomer, and its therapeutic effect on liver fibrosis was explored. The results showed that
the MeNPs nanoenzymes had monodisperse spherical structure with a particle size of (91.3+2.6) nm, with
superoxide-like dismutase (SOD) and catalase-like (CAT) activities, and their catalytic activities followed typical
Michaelis-Menten kinetics with Michaelis-Menten constant(K,,) and maximum reaction velocity (V) of 1.01 mmol/L
and 8.49x10°° mol/(L-s) , respectively. In vitro cell experiments such as cell counting kit-8 (CCK-8) confirmed that
MeNPs had cytoprotective effects on H,0,-induced oxidative stress. Inflammatory factors 1L-6, TNF-«, 1L-18 and
chemokine CXCL-1 were significantly reduced in the mouse model of liver fibrosis treated by MeNPs nanoenzymes.

Liver damage indexes ALT, AST and H&E staining of liver tissue showed the good efficacy of MeNPs in liver fibrosis.

The research has guiding significance for the construction of safe and efficient free radical scavenging nanoenzymes,
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and also provides a theoretical basis and material basis for the treatment of liver fibrosis.

Keywords Melanin; Metal-free nanoenzyme; Superoxide-like dismutase; Catalase-like; Liver fibrosis

JH2F A 2 18 e P A Jr aod A v s B 240 e AP 5 oo BE D URR B G2, 2 2 A M s 2 [ 3
Fehtl . AN, BFEF4EfLnT kR R AL, B S )bk e R . BT JE I AR A
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P2 — 25 F I A ™ A2 1, RS HAT R B R SR R AR AL AL R 0 A 1 BT RNA. 48 R IRl
BAMARCE S TIRY L — S8R a, (A BEHA S ARSI R sl A A & | R P22 | X SO0 S BUE DA
S DA TIOR8 i, N CA AR PRCHE AR B AR N T AE . AR DS HR € P Tl A £ b
PERE AL Wi 1 SR A2 ) R 2 S A S AU Y24, B BCE R KR R R HLAA 2SR
FRAE . o, &)@ FEGOK RGN FLRR AR | Foe AmT R kg, H 2w RIS ABTE LIRS,
AR R AL G . R 2R 104 R BT K HoA i Ak (POD) | 4L (OXD) | B4R
s AL (SOD) Filid S AL B (CAT) 16 M Z T RE AN KB , 454 8 A4k . &8 A HUREZLFI B s
TR SES . SR, <5 R LK BETE = i IR sty pH 25 A T 2 2R 161 SR ER SR, TEAR YR
BN, X 4w RN K DOE LA i 4 AT B AR b, g e A I A H AN T sl fo b 25 R i
SR BT RNRNN, 51 AT 48 LK & R,
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R, MULA R A YA AE YA e, i B EAARRSpr . SR | R U0E A A
RS Z AL EAL A Y 2= iR . SRR A RIS S B (SOD) HEFIZE 1T AL &
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Scheme 1 Schematic diagram of the synthesis and mechanism of action of metal-free melaninnanoenzymes
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1 SEIGERS

1.1 KFENEE

5,6-_F2FEM|WE (DHD) PR R (C,HO) , 40#ral, FilgZe R A BRA R oK OB, 58r4t, i
BB 2A 50 A BR A ] 5 TL-6 ELISA 3857 & Al TNF-oELISA 3857 &, iU+ 844 TARA BRA W]
DCFH-DA 1E M E 55 96 34ET . Ay 50870 £ (CCK-8) . PBS 28 bp i FI DMEM R 35 3L, db st & R
B BRNE] ; WST-8 8 E AL P AL BRI 70 £ R CAT R &, iRl AR N w6l 5 S2ae Ky
A B K, FIH ULUPURE #K RGE3A5 5 LR M RHRI Rk AR E B BDLoRIR , JoRgdE—2
4lifp.

LIBRA 200 2Yi% 5} H1 ¥ W 358 (TEM) , 18 258 al Y2824 F] 5 UV-6100 2158 7h-AT UL (UV-Vis) 435606
FETE, R SERE AU AR AT BRA T 5 ZS90 RIG K U B B AL (DLS) , FefE /R 3L/l 5 FTIR-650 FUfd B
AR LT MR (FTIR) , KA AR A A A AL . SAKURA B [ 24 ZUB K HLAN XT3 U5 i
8%, HAS OLYMPUS/ZA+]; JPSJ-605F B 4a i1, ik INESA Bl U as /A vl .

1.2 IR

1.2.1 MeNPs 894 i #%98 mg DHIVEf# T 20 mL 258 /K 120 mL L, = T HEFE 10 ming b5
H4 97 mg R VA fF T 20 mL ZFEIF I A VAR ZR H, RIZISERE T IA 2. 5 L 20K (200 o 7 5L
H128%~30%) , SRJG BT 65 CARIFHINE . SV BOZETAE IR 5L €6, Bl AR URER . N8 hJe LA
16000 r/min LR B0 5 min, SRJ5 2B F/KBER 31K, 158 MeNPs, 77391, 2%.

1.2.2 MeNPs By £ A9 K AE R TEM X} MeNPs B85 RT 04T T RAE . 38 18 8h 2 U 61540
T MeNPs K GRiAR S B AL . R ERA0-RT LA GBS TN L T MeNPs FUROGEE(E , FHZIAMETEAL R
fIE T MeNPs (RFIEIEETE | DASSUE MeNPs (6] 65 . 8 — 5 W B MeNPs 4351 T 7K . PBSFHIDMEM 3 #fi A8
[ EA B, FFic SRR BERT R A28 L B 22 120 h, W MeNPs 1A= FRES 2 14 .

123 MeNPs f# {2 i Ik EFEH,0,, 057, ABTS- 3FAR[RIZEAL SN, 155 MeNPs 44K i
(6.25~100 wg/mL) 5% RN 15K Z B E 2 . #4 1. 5 mg/mL ¥ MeNPs LA 3 20 mL BB, T
37 CHEFE, SRIGIMA 2. 5 mLEMAE IS, ARRASZE% &, FIPIHRET S RS . 8 N R 50099. 9% ) ik
N, TR E . NSRS, MRS Y451 A 0. 5~100 mmol/L 1) H,0,. i ¥ 41T
I A AR T, W 1S min I 5E SRR BE , PRAN MeNPs 23 H0, BTG . H,0, 73 5 W A1 i 78 ()
Michaelis-Menten 5 1127 :

V=V,S/(K,+S)

X Vimol/(Les) ABEIE S B 5 V,, [mol/(Le-s) ] R A BEIE S 0 i 5 S (mmol/L) Ry JEE W e
K, (mmol/L) A K Fe i 4.

1.2.4  MeNPs 30 & M B2 5 8 R s 2 i (R4 (6 L (8 FHPR HE R A 315307 £ CCK-8 4l T LO2 N IEH
JH-20 B0 FD AMLA2 70N BRI 5 20 B AR 20 AR5 . XS LO2 A AMLA2 20 it () A= 036 M 5 MeNPs 1 119 56
25 B SRR B AR 5 S5 0 HL0, 55 LO2 FI AMLI2 4 MO L0 75 4 h, iC St 4i i Ts PE s 4k s 10 5
MeNPs i 2548 (0~200 pg/ml)5 LO2 A1 AMLI2 4G MM 2 (B9 & . DCFH-DA XFAS [ AbHEZH
MM TARICS , B3 488 nm UL T M2 BUGAIN A i N ROS 7KF- .

1.2.5 MeNPs 8 /& 7736 97 BUR R k1A DL 40 JE i 9% CSTBL/6 BF 4= /N R [3~4 A %, (A&
(1822) g, HMEVE) Ny FHWFFEXS L, ¥/ NEBEHL N N 4 2H . EHRIRL | PP 4EfbAmIZH (LF) | fF£F4Efk
BEHY PBS I67 AL R 27 A AL AR MeNPs YR AL, 54110 H . 38 2 I8 B TS0 20 10 mg/mL (9B 2
P B (TAA) (0. 1 mI/10 g) , BEJE 3K, FF8k4 8, @ 7 IFL4e4b i/ BRUBE T .l PBS 5 i 5k
MeNPs 44K (MeNPs (5158 5 mgrkg) 43 3128 B # KA BIFLF a4l NRUIRPY , BERE 20K, iR 7 b fe
R 4 JH . R IN [E) 2H N B 3 P RS A5 48 R ALT R AST (9725 4k , (] Bsf 6f A [ b BRZH 1478 BRUHF 4 21
AT H&E QL , 434 MeNPs {67 - 4EAL 7L IEAh, 84t 1L-6 ELISA i £ . TNF-aELISA 5]
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% . IL-1BELISA 257 £ Fll CXCL1 ELISA 3 551 &5 A5 AN ] Ak 320 /)N BRI 37 v 48 6E A 5 1L-6, TNF-a,
IL-18 Ak K7 CXCL1 i) & Anfk .

1.2.6 MeNPs By 4 1% 2 4 MeNPs 54 J& 702 Mn TR, 38 ICP-MS & 42 J& 702 Mn 195
i, FFEIE MeNPs 76/l 2 B2 E 24 h Y234 DL e 36~168 h 7E 2 55 bR b (ARSI 5 &bk 5
MeNPs 57 , MGG T8 /N BRI EE RZ A . BN A3 A1 S MeNPs (% BEZL AT S MeNPs [
SERGAL, A3 e /N BUALTE T A 1 (HGB) | P 3204 LA (MCV) | P34 21 20 i 1l 2185 11 e B
(MCHC) |, *F¥2 i 2T & A i (MCH) | 2L FL 28 (HCT) . FAIA(WBC) | £1 41 (RBC) AL/ M
(PLT) A& it , [ /N R FBEEAS GO L L B IATE ), 88K IR0 | 3 e U] 7 i T H&E 3
gL, PEAL MeNPs A 120 4k .

127 Sttt FFESSRELIEARERE (S. D) FR . RN R )7 2208 (ANOVA) #4745
SRRSO, *: P<0.05, **; P<0. 01, *%%, P<0.001.

2 #ZR5itE

2.1 MeNPs B HRAE

PLDHI A RN, it @ IR AN A T 04 R B0 R UK EF MeNPs. 1 TEM B8 A [ 1(A) ]
A, MeNPs AT B4 EBRIE 4544 , 434357 . A4 DLS W45 MeNPs (17K 8 ) ELAZ 4 (91. 342, 6) nm
[EI1(B) ], 5 TEM FALLE R —EL; 1fii MeNPs 7£7K . PBS FIl DMEM H {1 Zeta LA 43 A —-17. 6, —10. 8 I
—13.5 mV, 45 G B GKRLT AT 1 SR 1] FFIE ™, A6 R F MeNPs #E ARV IFEF 4R LB 1(C) ] B
il £ 1) BE €, ZE AN K G MeNPs EARIR €, S840-1] DLYETE /3BT 7R , MeNPs AW U5 400~800 nm 3 19
[ 1(D) . BEEVREE ARG I, MeNPs (WOERERG SR . EAh, 76 FTIR 35 [E 1(E) I, 5 DHISARAH
Ft, MeNPs ££24 2900 em™ 4b tH 30— 87 FUARFAEIGE , 3X 545G RN ™ A —CH, R R 2 A ¢, ZRIF R
SIS0 T 1550 F1795 em ™, BE—HHIESE T MeNPs (8l 6. 94 ARIURE 1978 e PR HLAE 1A
PN IR 2518, H5 MeNPs 438 T-7K . PBS Fl DMEM 3 RS RIA B, 120 h A 200 K il 4 K7 72 R A

H.0 PBS DMEM
40 0 v
(B)  d=(91.3£2.6) nm ©
~ 30 z T
X B =
5 f \ Ag —10k
= =
S 20+ \ L J
= \ 2 sl “10.8 I
g \ s -135
[a¥ 10+ | £
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10 100 1000
Diameter/nm
120
(D) 3.375 pg/mL (E) -DHI ¥ H.0
6.75 ng/mL " MeNPs —+—PBS
—— 12.5 pg/mL . ‘ 110 ——DMEM
25 ng/mL \ TV
= W :
f?,. = 100
M . | S~
e P, B e WPl ¥ go| Pt Foeo %
1 - 777:\77;"\"’\" 1 1 1 1 1 1 30 L L | | | | |
200 400 600 800 40003500 3000 2500 2000 1500 1000 500 0 20 40 60 80 100120
Amm Wem™! Time/h

Fig. 1 Characterization of MeNps
(A) TEM image; (B) dynamic light scattering(DLS) result of MeNPs in water; (C) Zeta potentials of MeNPs in different solvents ;
(D) UV-Vis spectra of samples at varied concentrations, the inset figure is a digital photograph of samples at varied concentrations ;
(E) FTIR spectra of DHI and MeNPs; (F) size of MeNPs in different solvents.
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FEAAE , JEIT T MeNPs 7ESS W BA R s py A= s VLB L(F) .
2.2 MeNPs L EESIHBRERE

MeNPs 1 3 2 FE 2540 i LAV BRIGPE AU (ROS) PR RE , 33X X 28 A AL W 35 9T B B 1) 41 44k
TAr AR S A A S H,0, 53 SO S A AL I O ;I Ak S 55 X MeNPs 178 1 4807
PRYEREHEAT T PEHT. 24 MeNPs e A 100 pg/mL B, 2K BURL Al 15 B (78. 8+0. 4) %1 H,0,[ B 2(A) |
F1(61. 620.9)%M 0, [KEI2(B) ]. [FEF, FIFH 2,2 -AHE- W (3-L AR TFHEME-6-14 1R ) (ABTS) 7L PFAL T
MeNPs (4T ALPERE , LAAG @ HA Y fb i P . 2558381, 4 MeNPs ¥ 0 50 pg/mL B, ABTS- ()%
BRoR E 41T 90% [ 2(C) | HL0, Je— M B A TEPE S, A RSREALAE f1, IR O, 2848 1Y T il
Yy . 38 ak WO MeNPs 76 AN [/] ¥k B H,0, 3% W rh % % 19 O, W B2, PR T MeNPs 43 fi% H,0, 1Y 16 7
[E2(D) . Z554IESE MeNPs KB EAT CAT R M, HONURIH L0 00,35 bRAE )T, H A WREE
A, Bl H,0, ¥R BE B9 38, O, 4= sl 2Rt B =2 34 . Bk Ak, HL,0, 4 i 5 0 3% 1 LAY )
Michaelis-Menten 3f 1] 2% | Michaelis-Menten & $% (K, ) Fll#5 K sz b 3 BE (V. ) 43 524 1. 01 mmol/L Al
8. 49%x107° mol/(L+s) [ 2(E) A1 2(F) ]. DA F45RIIUESE MeNPs HAT | 1 A 76 M A T B AE

70 100 A
oL (A) H:O; scavenging 60 _(B) Ojscavenging (C) ABTS: scavengmgI
80
g 60k g 50 <
g L £ 40 °§ 60
5 40t 5 2
2 3 1 2 40
E E 20 i =
P =
0 0 4 0
625 125 25 50 100 625 125 25 50 100 625 125 25 50 100
Concentration of MeNPs/(ug-mL~") Concentration of MeNPs/(ug-mL-") Concentration of MeNPs/(ug-mL")
~ [0 =05 mmol L ;0 ) 4H
7, 10 ——1 mmol L-" H,0, 0.4F ] i
a0 1.5 mmol-L~! H,0; —~ L fop
5 =03 ATy
£ 8F  2mmol'L"'H:0; w i oo
g 6 H‘A 031 L‘ t
s = L = L
g S 02 S 02
E o4t , El e :
3] . = 02 3 NS y=0.12x+0.12
£ = =~ X,=1.01 mmol-L
S 2L Y e e e e 0.1} 01F ¢ V..=849x10- mol-L-\s!
o '
O 1 1 1 1 1 1 1 1 1 1 1
300 600 900 0 3 6 9 0 0.5 1.0 1.5 2.0
Time/s Ciz0,/(mmol- L) Ci0/(mmol L)

Fig. 2 MeNPs catalyze the elimination of reactive oxygen species
(A) Clearance efficiency of MeNPs on H,0,; (B) clearance efficiency of MeNPs on O;7; (C) clearance efficiency of MeNPs on
ABTS* ; (D) increased decomposition rates of H,0, into H,0 and O, with various concentration of H,0, (n=3 in each group) ;
Michaelis-Menten kinetic analysis (E) and lineweaver-Burk plot (F) for MeNPs with H,0, as a substrate (n=3 in each group) , data

are represented as mean+SD.

2.3 MeNPs i MRS R RIP1E A

B T B&AF MeNPs XF LO2 A IE 5 FFZ0 L F1 AML12 /)N BRUE 37 JFF- 40 i 1% 40 i 344, SR CCK-8 72 T
LO2 FT AMLI2 40l (40 i iih Jy . 25930, B MeNPs ¥ B2 i34 0 (0~200 wg/mL) , LO2 1 AMLI2 41
L A T HEATS AR AE 909%~100% Z [B] [ 3(A, A7) ], BI UL MeNPs 7E 41 MK F-_F 0 AR 44 4Pk AT
& 3(B, BRI, A [RIHR JEE 1) S8 AR 0 38075 5570 H,0,(0~800 wmol/L) S5 4 i HLHF & 4 h i), LO2 F1
AML12 40 MR 43 34 2 R R, R R 5 HL0, PRS2 IEAHDG . fHIEI3(C, CFTIL, FiE
T4 R A0, 25 Y KT MeNPs MR B A3 A0, LO2 F1 AML12 4 i (5 28 1% PZ i &2, H >4 MeNPs V& 2y
200 pwg/mL I, LO2 FT AML12 41 (436 P 354300 1E 5 6 RRA . RS, RIRSEEHRER 2, 7- A AR R
T BERRER (DCFH-DA) Kl 1 40 ROS 7K. HIEI3(D) AT UL, MeNPs 48 By AN 23344 i 4 ROS 7KF-,
I H AT AR M6 H,0,77 42 B ROS. 45 FRR , MeNPs % H,0, 155 A A AL s EAT 240 M A 3/ A
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Fig.3 Cytoprotective effect of MeNPs against oxidative stress in vitro

(A, A") Cell viability of LO2 and AML12 cells after treatment with MeNPs at different concentrations (n=3 in each group) ; (B,
B') cell viability of LO2 and AML12 cells after treatment with HZO2 at different concentrations (n=3 in each grnup) ; (C, C7) cell
viability of H,0,(600 pmol/L) co-incubated LO2 and AMLI2 cells after different concentrations of MeNPs treatment (n=3 in each
group) ; (D) CLSM images of LO2 or AMLI2 cells stained with DCFH-DA and DAPI after different treatments.

2.4 MeNPs KRBTSR

Y FIo4 s R R YUK MeNPs HA L B A9 BE ROSHERE, #E—2 R A C57BL/6 B AU/ UIFEF
AEALBITIIOUE T MeNPs Ja( 18 LR AEL SERE AR . 15, 8 MG I R SR B R 10 mg/mL AR AR 2, e
(TAA B (0. 1 mL/10 ), BEF 3 YK, FFEz4 J8, 87 T L4 i/ BB EY . K PBS % 5k MeNPs
93 K it (MeNPs 57 &4 5 mg/kg)ﬁﬁu 22 KT A BN 2R 4EAb /N RAR I, B 20K, IR T7 ol Bk
4. ALTFIAST 2 - A SR Fe b . HIER /NSARL, FEF4Efb /N B ALT F AST K- 2215
5% . & PBSIRYTIG TCH WM, 1M BRIk S MeNPs KR , JHEF4E4b /N ALT 1 AST 7K
TR, UEBIF ARSI A (B 4) , BIF T MeNPs X LT 4EAb 0 B 236 7 ROR . RIS AS [ gk 3
P ST HE Y0, S MeNPs (AT T RCR S T B EHEEMUESS . 762 PBS A BRI F£F 4EAb /N
IR Z R, T DL 21 98 S 240 160 122 10 A0 HF S 53 20 ISR A8 X G B S8 A8 Ak . A, MeNPs I A 850805
JHET Ak, 55 20 MR S B 40 M PR A0 X sk 1 5. DL R 2553680, MeNPs 90K IR YT 27 Ak
SOPrEETE N

~ 800 F@A) ~ 800

L g

2 600} 2 600

£z z

2 2

5 400 - S 400

= =

z I =

= 200 + & = 200 I
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Fig. 4 Serum levels of AST(A) and ALT(B) under different conditions
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Fig. 5 H&E staining of liver tissues

2.5 MeNPsBE AR A 1ERA

2 P A7 3] 45 Fh S0 10T, R DG S8 AE 240 JifL T 43 Wi 4 40 JfL X - 4N 1L-6, TNF-ar, 1L-18 FliE
BT CXCL1 %, X Se R FAERFLF di by B A R R pid B VR . Ik, S TG MeNPs IR PI BT
RAEF, R0 T FFEF Ak N BRUMLTE SR R T K . ELISA oA B, 5 IE /NS B, LR 4R/
BRI 1 IL-6, TNF-a, IL-18F1 CXCL1 Hy7K-F- 5 2 = [ BT 6 (A)~(D) |, 288 ikiT 5 PBS IR , RAE
T B . M2 T, RAER T4 MeNPs B2 . DL E45 5K, MeNPs 1] 4 250855 4¢
JiE SV

100 360

(A) N B) -
~ 75F * _ *
T P s 7, 2401 : .
g g
g 50 '&n
2 . = ok E
- G .

. .
Control LF PBS MeNPs Control LF PBS  MeNPs
60 200

©) *x D) o
. 45f - = 150} *
a I 9 x I
g g
s 301 s 100+
S I &
3 =

0 0
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Fig. 6 Anti-inflammatory effect of MeNPs in vitro

Levels of IL-6 (A) , TNF-a(B), 1L-18(C) and CXCL1 (D) secreted by mice with liver fibrosis after treatment with PBS and

MeNPs; data are represented as mean+SD; *P<0. 05, **P<0. 01, ***P<0. 001.
2.6 MeNPsH 4R EMH

MeNPs 24 K il 142 4 0 AR A= WA P9 A8 o FPTAR I8 B2 . MeNPs {14905 2, 4 F124 h7E/NRFE

SLERE B A I an B 7(A) ez . MeNPs E 2253 A AE A, X8 MeNPs 3 A HIE 7850 A HHT R
PUAACRR , I 27 4 0t R PR AL TR 550 . b — 2B U /INERUR 2 PRI, X HELHp MeNPs 119 55
T TR0 . WSS B, /N RS MeNPs J5 19 30~168 h 14, /NS tf MeNPs #-HE 5 iy
11. 5% B G N E 41. 5%, /)N BRI H MeNPs B9 HEE 5 3. 8% & i3 3 14. 5% [ K1 7(B) ], 15 H]
MeNPs 7€ 7 d N 3= 238 1 FF A5 5 EEA FAC . RIEE, Xb/NBREA T 17 20 d B4 7 R FIVACER Wi, &% SR 3%
BT, 1 5 MeNPs 20K UL ) /N B, B SO MRS RAF, RSB 1T h B, REREH K
[EI7(C) ], MAAeRs A g SRR, SXTIRAAR L, 7R N 4525 MeNPs X /N BUMLZL 85 11 (HGB) | 341
AT (MCV) | X 20 40 M 1M 2128 (1 B2 (MCHC) | SEX L0240 M i 203 (& (MCH) | 20401 He 25
(HCT) . F4IHE(WBC) . ZL41HE (RBC) A /N (PLT) ¥ 06 8 5 ma [ 7(D) ], %t EBAE LR T HRE
P T R R, MeNPs ARXS /N L B8 BRI ES 35 B0 PH S B A1 S0 32, HL gl 8ok
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Fig.7 Biosafety of MeNPs
(A) Biodistribution of MeNPs in mice (n=3) at 2, 4, and 24 h after injection; (B) the accumulative MeNPs levels in feces and

urine (n=3) ; the feces and urine were collected from 30 to 168 h post MeNPs injection; (C) body weight changes of mice (n=3)
20 d after tail vein injection of MeNPs; (D) blood routine examination results of mice treated with saline (control) and MeNPs;
compared with the control group, all the parameters in the MeNPs treated groups did not show any significant differences,
indicating that the MeNPs do not cause obvious infection and inflammation in the treated mice; (E) H&E stained images of major

organs of mice.

3 4 it

A DHI Ay Sk 3 T 04 i PR 66 R 4K MeNPs , B0iF H HLAT 2588 A LB AL i (SOD) il 41
P (CAT)IETE, FFR B R A T A AL BB R = O HEAL T P . RSN I S B S MeNPs HAT R
UF A A AR S B TS 4R BE T . MeNPs 7E T4/ N BB RL o 22 B0 S B 25 L R FIbT LA
A, S AT 1R PR B MeNPs Al 0058 P 4EAL B0 BRI . O, I WA ARG AT e T 2EE AR H&E
QL@ IUESE T MeNPs O R IRk . 25 BT, MeNPs HoA Rt LEE 1, WITEAH ST AL
B dr LA KT AEAL R NGRS 7 07 DR A . 2 B AOK B R AN DU BOH 2 T RE R (R
QERFPEIT 7B, TRl A R T BT e AR AL 1T —Fhde 4 L A8ih 7o .
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