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— Abstract —

Apoptosis of Neuronal Cells Induced by Lead
Seon-Hee Yang, Dong-Hoon Shin*, Won-Ki Baek**

Department of Occupational Medicine, Dongsan Hospital,
Keimyung University Department of Preventive Medicine*, Microbiology™*,
College of Medicine, Keimyung University

Lead is a major environmental and occupational neurotoxicant. It has been shown that
long-term exposure to a low level of lead impairs the development of brain. For example,
it was reported that lead exposure during the childhood causes a learning difficulty and a
memory deficit of children.

Neurotoxic agents including the lead are believed to cause neuronal death in developing
brain by two mechanisms: apoptosis and necrosis. However, the exact mechanism of neu-
ronal death caused by lead exposure is still not known explicitly.

In this study, we conducted a study to clarify a mechanism of hippocampal neuronal
cell death caused by lead acetate. Hippocampal neurons were cultured for 14-16 days and
treated with lead acetate of 1, 10, 100 #M concentrations for 12 hours.

With the MTT(methyl tetrazolium test) kit, the viability of neuronal cells was mea-
sured. Next, in order to examine apoptosis caused by lead acetate, TUNEL (TdT-mediat-
ed d-UTP Nick End Labelling) assay was performed.

It has been shown that lead acetate reduced the viability of neuronal cells in a dose
dependent manner, especially at the concentration of 100 M lead acetate. TUNEL
immunostain showed brownish signals in the nucleus of apoptotic cells. The proportions of
apoptotic cells in the lead-acetate treated group were more higher than those in the con-
trols and increased as lead acetate concentration increased.

From above results, it may be concluded that lead in the hippocampal neuronal cells
reduced cell viability and one of mechanisms in neuronal cell death by lead appears to be
apoptosis.
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MOE

e U84 FEAsA EXHE FFE
o2 BE AeAdM Pedd. IFHezE HFE
o 8719 2F7\HY wirivts, 29€ E, Ld4¥
He 3, A edE F7] wlE Sl 93
Z2d 4 don ot AN A FE
Z2 ARe 28 97 Aotk mEAE ¥z
F, RAFSA 797 =2, deol FTHE
AE, 71EW F Bl Ale] Hr=E Fd A
dAoze FHAAY FA, LAY, FHA
A, @88 2 g, F AR AR EaA)
€ T WUES] A4 g §AY, AR fE9
AA gEFEe &£, =AAZ, M{REAL
5o F2 229y, ¢& HAFhe 2249 %
oju} Alle] Boloy BE F¢ AHEESA 29
o] 8 ¢ AUt(Klaassen, 1995).

2o vy Ez=z dd Jehe FE A% #
e ABFEHo B 53], F3 AAAY @
4% v (Hammond and Dietrich, 1990).
He 2%E FRAde 34 HF5S 4o Aw
= Z3o e AAITY FNE 2 F25E
I AAEAALle] &F-11g FAE e
(Tilson and Mitchell, 1991), ElA719} 5Alol4
o AFxe) go E2de A9 7 &3] 2
o g@A gl

o AFHAAEL AR, FA GFFA 3
B3 Aole] diF-Ho| 57| Hte gt &
#30 & Jebdon(Byers and Lord, 1943), &
A =27} opd e HAERY wao] BAZ &
ol 1.3~13 M FAX9 Az 83 F -+
ZAME T3 AAA Y dee] JFS vH A
A AA71% FhE ZWFHY.2™ (Goldstein,
1992), Zolrld AFxe do wdxoz Zzd
735 Ad7le] ARHA o7t A&Eo] T Aof
2 719 Fl& vehd & 3t (Needleman,
1990).

ks AGA] ARz 797 gl F2 o
3P, AT gl AREAATY] F8 i)
Holgrt. F3AAANA do] F2E JaAs= F9
£ Yudn AAY Soln, 1 FAA= dulo] 7}

F 1¥E2 FAHe Aoz AR (Klaas-
sen, 1995), divks S-A AGe] AW 2 7IA
o 3em, YFes oo FxIt gon, ofd
&Y 7ol gel EFEd b Ags(Petit
et al., 1983). H& =3 €W i3l HE X
3 otz FHH 1 ole RA ¥UF H F
=9} Higlsle efAy7]e] dn} ABMES FE A
AgozM (Goyer, 1989), FAl7ldl F2 dds
o 7199 gl F2 BAdhe dnle e &
ol 94%E nAe Aoz delx oy sjAL
B3] uhEA Zlof girt

AE7} Al 71AE F 72 A9E + o
. sl HAHnecrosis)UH, ©lRL HHYU A
E 5% B0z Ao} &4 93] AE9
W3at g7k dojumn, Axetel Fe)r) swaigw
A dFNEE dodle FFolt. b shie A
¥o] AAAR] ol XX EA] A (apoptosis) EA], Kerr
S(1972)00 o8] Aoz AAHTE, olELEA]
2 FEHE HME AR oE NEF
Az, AxAe 9%, MEete £33 9432
9] 5%, DNA Ed%9] &7& HolHA Axute]
P FAsHe 5FHFHQ Astg RAd(Kerr,
1972: Kerr and Searle, 1973: Searle et al.,
1982). olRZEBA|AE Aoz HAGY, 3
AAEe wAl, WERA, HAACA dojur, o]
e AoeA AAG AR} HyHY BA7F A
AXE 2 &M 443 EAE /IR AXE AA
e 8¢ A 7)Ao (Kerr, 1972 Wyllie
et al., 1980). ¥el3 dFo2e nlelyixe 7
g, &, FA G 7T AESA, PAM A 27 A
E 24 &Y 55 2L A¥d g AEgX F
theF E-A 82ldl 93 dojdH(Bonfoco et
al., 1995: Thompson, 1995: ZAYE, 1996:
Deshmukh and Johnson, 1997).

FFAAANME ABAX Aoz HA}
o} IR EAA BB 33 & 4 St AAEA
B 9§ F3UAA NAMEL] Agr]H L
A8} AXHChoi, 1988: Manev et al., 1989 and
1990: Koh et al., 1995)= &4 &4 AX Al
o] 3 e X, F=F glutamate 5249 =}
Fol 98 dojd 4= AtHOberto et al., 1996).
OIXTEAAE AN FFAFAY dedy
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vt WeleE oA dojus Zog nay
1 ded, ABAEe waHF e HEL
93l ZAs = A7} 2E neurotrophic fac-
tore] Z-8-& Halishe Bl Eho] o olx
xEAA7} dojydm(Martin et al., 1988;
Oppenheim, 1991: Martin et al., 1992:
Franklin and Johnson, 1992: Raff et al.,
1993: Yan et al., 1995: NE-F, 1998), W3 o
2 gxslo]|HH (Alzheimer’ s disease), #HE
A4 (Parkinson’ s disease), &4 4743135
(amyotrophic lateral sclerosis), B2 AAHA
Z(retinitis pigmentosa) 2 ¥4 (cerebellar
degeneration) -3 22 A73WA Aol (neurode-
generative disorder) %< A7A Afox o}l X
ZEAN27 dojve Aoz HuH: gt
(Thompson, 1995: Deshmukh and Johnson,
1997). BEAYHAANE, svte} dixufdo] Ho &
ZHAE W ABAHE &Sl v F3HQ A 7
o] ¥3syl 2AAF] Yelta(Rodier, 1995), 1
M °l3ke] Aol g 4y ARA X Uty
glutamated] 28] =¥ NAAE] FHAloe= 4
FE XA GRAT IXZEAAE ZHA)T)E
Aoz JJEPYTHObert et al., 1996). B¢ ¥
A7 wA Rz e F2E-E JEpd F, o] E F3
DRA R ALY R JFS vk A
T H3EE 3} (Holtzman et al., 1987;
Selvin-Testa et al., 1991 and 1994; Sierra et
al., 1989: Buchheim et al., 1994).

Fa719 29 H5x8&E& Hristzl 98,
Bielarczyk 5(1994)2 g4l5e FE nde 3o
FE3A73A A deo 53284 A ATE A
1, Favaron %(1988), Yan %(1995), Oberto
(1996)2 Ao FPMEE w2 k= d7R
IE e, HAe drlE FHoe AP
el A E2ed g A7 v9)sid,

wzti], & AT B 14 - 1699 ej87] &jv)
AZRANLE WFstd, s, AR Fg A
Fo2M, Huld] i deol AAFHe= Yehte
AE Alge] 71708 S] ol XTEAA FFE &
Fatn, o =g g e AlZto] ol¥ZTEA|A
d A TS gotranz o,

T o
1. NBHE iz H X

AP EERE ¥¥ 14~169 © Sprague-
Dawleyde #5& ¢4 FEglo] AH43lith. of
vFe B5E 70 % ¢F2 A5 AR § »
& A& Holg Eeldln, Hole FRRE
Aygsle] HBSS(Hank' s Balanced salt solution)
o skl Fu¢ RS AAT ¥ H24E A
Z3lo Hzzor RE #HulE Rt B
Z29 0.25 %9 trypsin® 0.01 % DNaseS 3
7ksted 37°ColA 1083 w7t o2, HBSSE £
a1 Aol F 234 JolElg =L yolglz vts
HBSSE A7l 3lqd A4 Eelasict. Sak# 94
Eeldte 4E9E Wgi Neu-robasal medi-
um(Boehringer Mannheim, Germany)<l 200
mM L-glutamine, 25 sM glutamate, 14.3
mM mercaptoethanol, cephalosporin A&
A7F W gde] REAAG, BRAZ 4R AxE
F3td trypan blueZ FAF F @Av|7sloA
hemacytometerE o] 83l MXo] £8 273}
10°-10°709] MEE Z1z} P o] E38le] ujef
sk, wiAle] 28 3~49 F glutamate’} §l
€ WA E nste] wjxFe] 1234 mAsPEA
10-1493 v F3R T,

ujest AAMREY F=E2 Y(lead acetate) S
Helsgdm, 43AA7) EdE wAE o =F W)
A2 393, Neurobasal mediume] 200 mM
L-glutamine, 25 sM glutamate, 14.3 mM
mercaptoethanol §9 AARNAE H/lstA] e
WAL E o] &5 on, o8 B dAdME olEZE
Al WA & ARg-EtTE.

2. MZeo| YeNsty pHE

1497 Wi AN B A0)BE o
g3o] BRI,

3. MEZSY HAt

1) 28 Xalgt Mzo| Helstx{ol nit
14931 wiekst el A X B 10 £M, 100 &M
£ 747 1282 < A2dle] Hematoxylin and
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Eosin {4< AAI8le] Fedn|i oz i sz A
TP E FFEAC.

2) MEgNEel 53

W FAAA T FE 1 M, 10 M, 100 M F
=2 A sl 12A17kERE 37CAA WAjE &,
MEZYEE cell proliferation kit I(MTT;
Boehringer Mannheim, Germany)& ©|-&8to
38k 33 WS wgE ABAEA MTT
labeling agent® Wi 4A17F < Hld% ¥ sol-
ubilization solutiong ¥3 37CelA overnight
incubation A1713 ELISA reader(Dynatech
MR 700)& &3 570 nmiIN FFEE &
[ 5iA=

4, Immunocytochemical detection and
guantification of apoptosis

HET R IEZEA X WA E 742 Y wiF
AAANEN G 1 M, 10 M, 100 M FEER
12A12H8¢E Helsle AF3INTH B oL T EA
2 HAA BE HedA] & 2 ¢ 100 M
£ A3 FolA 37CoNAM 4, 8, 12 A7t Wik
F, 47 olEZEAIA FEE M, FAIHAUCL
OlXEZEAlXA HEE In situ cell death detec-
tion Kit APE AH43l9 TUNEL(TAT-mediat-
ed dUTP Nick End Labeling) assay® A8}
%th. TUNEL assayol 242z Jd=E AXE
OlETEAIA MER TAFYID, TUNEL stain
< AAIRE BEE Bt 10709 Aloks
AR &gl Al & vhe, AA Mz U
OIETLEAI L YA AT HEE OIELEANXAE
AEssith, TUNEL assaye &3 Zdh #
A, WFAAHNEE PBS(phosphate buffer
solution) &doz Mol X 4 % parafor-
maldehyde®ll 30%37t 233 § thA] PBSE 4o
w2tk 0.1 % Triton X-1002-2 ijceshr] 287+
x2ldl TUNEL mixtureE 50 A4 €3 37
© WA 60E3 WEAIBIAY. TUNEL mix-
ture €9 AAFT F TBE(Tris/Borate/
EDTA) buffer(lx) &) 583t @7 ukg-&
ZR|A17]2, PBS&YoR 331 A&F converter-
AP (anti-fluorescein antibody, conjugated
with alkaline phosphatase) & 50 #.2% ¥WaL 37

¢l wgrldA 2087 WA &N substrated
A3} detection buffer III 200 ALE ¥& ¥ A&
A 1083 & o2 methyl green® 2 2G4
& ANl B AR ez AFHA

5, X2 24

A8 FARHQ Aee F #3t £v 12 o
o] F3re| YFE YALHEELAE ¥ASIY Hlm
90, SATAHA RAAHL t-tests} UEAE
A (one-way ANOVA)S ol&3tgien, FAHH
A 9 #F£& 0.05= FsHrch

ATt
1. Mze| Hefsty nE

1493 wF3t divle] NAMEE FT @ujF o
2 #2389 & o, pyramidal shapes AAAES
FAENER dAHE Y& Y AL B+
R}, EF 10 M, 100 MO FEEE FE 12
AL Aeldt ARAEE F 5=t S8 5 A
FA) vdld g AT} FolA e 24T FAE
72159 9% ddRA o] 2AHE AL BAIY +
AAH (Fig. 1, 2).

Fig, 1, Inverted microscopic findings of cultured
hippocampal neurons for 14 days{x200)
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Fig. 2, Findings in hematoxylin and eosin stain of cultured hippocampal neurons treated with lead
acetate for 12 hours(x200) {(A:control, B:104M, C:1004M)

120
100t
S
% 8o |
g *
:@ 60
= 40}
[
Q
20
O 1 1 I 1

0 0.1 1 10 100

lead concentration(uM)

Fig, 3, Effect of lead(Pb) of the cytotoxicity on
the cell viability measured by MTT assay
in cultured hippocampal neurons treated
with lead acetate for 12 hours(* : signifi-

cantly different from the control group,
p<0. 05)

2 Mzgyz 53

el 93 ATEEE F 55 1 4M, 10 AM,
100 aMolN 242t 93.7 %, 85.1 %, 54.8 %=,
g Fet VKRGS Pidte AYE Bilen,
£3] 100 sM2 & FEAME BANH R fo3)
A ZF28RHp < 0.05) (Fig. 3).

3. Immuonocytochemical detection and
quantification of apoptosis

WZzE% F 10 M, 100 AME A=IF g
AE2] immunostain®l €3 FEighy #AL Ul
Z3o) wEle | M oA olETEAAV} F
o2 @ol dogd HAFA} (Fig. 4).

1271 A o Frol] e ol XL EAIAE A
g3l 8 Ay, dE2F WAE o8 FiAMe
control, 1 /M, 10 #M, 100 MoNA Z+z} 9.6,
21, 27, 53 %3, O}EZEAA HIX|E o]&F
FolAle 242k 10.2, 12.5, 35.8, 40.7 %& 2%
el Bt F7HEFE ARM T olEZEA| AV}
78t 1 M3} 100 M2 F FEAE tx
T AN ol ZEZEA| AL o Bo] Holwta, 10
Mol F FEAME olEXZEAL HIAE o437
oA A G ol XZENA U 2AE BAFY
on, o]E2 F T BAFgHCR {7 Ao
& BAFQ (p<0. 05) (Fig. 5).

B OlFEZEAIA WA E o] §3l AIZBHEE
100 ME M@ T3 Aelar] g & #Fs
o HpE W, @& AR ¥ TdAe 0, 4,
8, 12417kl Zhz} 17.5, 33, 41.2, 41.9 %9 o}
EEBAAE BAFR, F 100 M HelTelM e
Ztzt 23, 26.8, 45.8, 62.2 %9 O}XEEEAIA &
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Fig. 4, Effect of Lead(Pb) on cell apoptosis demonstrated by TUNEL immunostain. The nuclei of apop-

totic neurons show positive reaction.

60

—+— control media and lead
-m- apoptotic media and lead

50

40 -

301

207

control Pb 1 Pb 10 Pb 100(uM)

Fig. 5. Effect of lead on cell apoptosis in the con-
trol and the apoptosis media (*:p<0. 05)

A BHo, @& A @& T vjgid, @&
AP ToAA olEZEAIAIL FHIA Frlste
& B, 123N BAH R {old 2}
ol& EATHpK0.05) (Fig. 6).

]

A

e gl i 2y} wo| Hasire 4
A, R3] g2 ojdolo| S A HP8JUSRE

80 —— lead 100uM -1}~ lead(-)
b\E 60 |
3
g 40t *
g
<%
2]
& 20
0 . : ‘

0 4 8 12
hours

Fig, 6, Time-dependency of cell apoptosis induced
by lead in apoptotic medium (*:p<0, 05).

ol B3], We E2E Aa529] ol
A Az+et), Hammond$} Dietrich (1990) = 34
el ghg7] A olFol ¥ ¥F W BEE 7N
€ AR HagegH, go] oHs wZe oY
olo]BollAl 71 A% FAA AFLAYE F
At wabA g AR o] wERler &
Hade 733 ofd o HEge 717 FY=
UA edct

ABAEL AABAEE AAANA o] &3F
&49 7bed E9HlolH (Tiffany-Castiglion et
al., 1989; Bressler and Goldstein, 1991), aju}
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FAe o AFEA] F8 FHo|T(Petit et
al., 1983). @& IFmolA svuke] Ao &
F31, AsEolA dute] Z717tsle] BAHE At
H, AAAFNeAE B, Az gl WA
wH3-3t} (Petit et al., 1983; Bhattacharya et
al., 1988; Altman et al., 1991; Audesirk et
al., 1991).

gol AA7%ol FhgE Zste J1HE 34
iz} tlALE @A (Holtzman et al., 1987), el
2 ¥ (Marcovac and Goldstein, 1988),
Na+/K+ ATPase &%< 94 (Chanez et al.,
1988), Hsrj&Y ZHEERS A, NMDA &
Al A (Ujihara and Albuquerque, 1992) %
72 d9sta gled, A FRE A2
£ & U e AAEYTAER] FhEA FF
AZAL $3e Waste Aolxm, oE ke A
AFESH EARA AAAGEAY o] 7|A
£ W e Aoltk (Silbergeld, 1992).

LAY ] Qe NAAE BHAT oI EZEA
28 A3 AT wEgMd e B Bl
ez AEL] 20-80 %7t QN =Esr] A
o A4t} (Oppenheim, 1991). 417e] of# A
A7 AE Azt 3 W 2 718/ XA &
H|E= trophic factorel 98] A74MFxe] AYEo]
AR, Audte A F7F AP 9, w3l
Ao, W2e AaF, A4, 54, HIYPAH A
g oAM= M2 Abdo] dojdtH(Wyllie et al.,
1980).

OlEELEBA|AE TSt WEe A ANGES
o] 4% DNA laddering® #&sle Wy 9o o
g 717 ok Fg FL e A ArldEM
DNA laddering 874-& #&3le AolAY oA
279 EZARATE FgE o] EAshs ol XLEA|
AE #EAE7] oJEY(Tian et al., 1991). HIol
AgE TUNELWHE 249 DNA9 dtho] 3 -
OH7} A&sta e AL ANd wies, =44
o 53 AT IHARE IRZEA2E BF
g g 3, v 2] ol XTEAIX MEER
#&E 4 3k, TUNEL ¥ 32 ¥Ado] do
U AlE ALY DNA laddering®] v ol¥EX
EA2 g gestr oz il Aol shedith

B d7= 3% @S o8l Alxel gt

Aol #FE 3, MTTE olgdle AXTTYE
Z Z3sRen, TUNEL assayZ o] &8l ofx
ZEANAE BT

gl %o W olXTTEANAE YFRT HRAE
o] &3 T} o} XTEAIA HjR|E o] &3 FoM B
F el FEt SHE 55 olXZEN 2T} Sk
of, de =7t UM FF olEZEANAT} FUt
gote AL R F Ay 1AL, ol 43
AT IXTBAAE FEIFE T8 8%le] B
F URS BAFE h7iolet A, AR
F5o wEk AU} Qe wiAle] $e T
ALt @ B2 1 M 100 AMAA olEZEAA
7t ¥ go] vehgth ¢ 1 M BEAME A3
o] Fz o] ogA Jepter] B AdoMe
BEs] & & fled, FFoE 1 aMolslalA ] ¢
o o3t olTTEA| 2o 7 AT} F T AR
9] Wgld) WE o} ETEAlA I ATE WP}t
ool & Ao YET) 7 100 M=l 3
QA7 e B7F FEZEA| 27} o] vehd A
& ARAAATYE e viAleA] AT AL B
ol dojdezr Uehle ader 35T £ 3
t},

OIXTZEAIA H|AE o] &3t AER
100 .M & H g £ HejsiA ¥ +& BE3}
of Hshs o, W& A & TAMT Agte]
A4 E HAH 0B ofETEAAV} FNsh= A
< 2o, $& AT e FAsA olx=
BEAI2TL F7Kete, 12A1RbM = W AelellA o}
FEEAX HEo] Fo3A kT, ol FAEH
S22 Rt ATh(pd0.05). wEkr], o lEZEAA )
Ae @o AT tF EZEAA FEHE =
AN e Ao #AFATE EF, OFETEA|A )
Al F& 22 AS, 4A7HIA A7 Ateldl] &
A3 olELEA 7L F/HHE HAFAT e &
Ao AAMNEE o}EZEA| X HIA & o] 83l 100
M &€& A2 $ Oberto 5(1996)8 AHdM F
& Al Alzle] 2AIZYlA 10A1ZAR] S7HE 5
g AAMFEL Aol @A F7hsithe A
OFEZEA| 2 HjAITHE o] 83 FolMe oz
OFEZEA| 2L FUREI e HoMde dXdE &
S HoFa glev), Oberto 5(1996)¢] ATl
A gAE] & ANZAR] T @ARE ol RZEA|AE
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Uerdl ke Aozt Aok E=F, WPRAAAEE
OFEZEA 2 wiR| A Wi A5, 24M0F HE
OFELEAIAS] FEAAQ Ao Urpon, 724
Zt Fol gAHUT T Spo, & d7eke vay
F U

€ 47e Hl 93 feHe olEXZEA2E B
oo, Wl Fxo mE AXEP=e o)
LDy 59 71&% A% dkvke B4 L
o B, ARBAXY wjF AE dFEA s,
el AAE 12AE0.2 FF3HA Fo=M,
o] ABMZL Ao 1 ¥ FE AVIE ¥
A3tA] @2 A F2AZ] WE AR R AP
we 9% AR £ FAHEE /2 Uk
FF A7EdM e AZBANZY wjFAT Fe] 5
= R AYAE dFeA Fo2N olEZEAL
Fxd d g 9FE FE3] dhe At
g48¥ Aot}

4 £

2 A7 =973 14~164 E A9 3uis 23t
o] SuNANEE WFstidon], I QAL
o] d(lead acetate)S 1, 10, 100 M9 FE&
Ztzb Rsch. =8, ABFAEE wFP wix| g
t 28, 4AAAE 94 4L WA E olEIEA]
22U 2 AHgEe g AEdglon], olxTEA
29 tg @] 93 BFaA I} F2 A
T Axo FAEE MTTE o83l 23342
H, g A T Axe] Yt W3le hema-
toxylin and eosin stain2.2 923le] Je}yn]A
oz #ASATE. EF, de] AAFAG o ME
Alge] Fde BE] 8 TUNELHE AMes)
doni, ZMog dMEg NEE HELZ AP}
o v @it

a7 A¥g AMEE, 1 M, 10 «M, 100 M
9] FEEZ g 1243 A AAAZE E T
=7t M 5 A2 v 9 avs)
ol AL #FLY F AN ol 9T ATgA
Ee ¥ 7ot S pAde A%E rge
9, 1M, 10 M & FEME AZBAES} o
2t #Ahele A%E 2HQo0 100 M9 FEOA
t BARALE R AT, §e Fxo

WE o} ETEA|AE YRT HIAIE o] 4% 23} o}
EITEAIX U|A]E o] 43 FoA BF g &)
Z7ME4E OIXTEAAT) T8I, de| x5t
Z/1AFE o XTEA AT SUMRE AL #IRY
4 AT, EF, OIXTEAIX WA E o] 47 Tl
AE 10 M) g oA AT ofXZEAA &
A& BAFYR, d2F AN E 100 Mo ¢
FxolA BASA FVHE IEXEEAA AAL #
g 5 YAt

O}X T EA| L Wi & o] &3t F 100 .M AT
3 AYA e & vwsld HkE o, ¢
M)A Fe TAMZ Ate] Ad £ & HAY
oF OIXTLEAAV} TV BYEES BAo, @
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