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Thuja orientalis leaves extract protects dopaminergic neurons against MPTP—induced
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ABSTRACT

Objectives : The aim of this study was to investigate the protective effect of extract of Thuja orientalis leaves
(TOFE) against 1—-methyl-4—phenyl—1,2,3,6—tetrahydropyridine (MPTP)—induced neurotoxicity by inhibition of
inflammation in in vitro and in vivo models of Parkinson's disease (PD).

Methods : We evaluated the effect of TOFE against lipopolysaccharide (LPS)/1—methyl—4—phenylpyridinium
(MPP") toxicity using nitric oxide (NO) assay, inducible NO synthase and cyclooxygenase 2 western blot,
tyrosine hydroxylase and microglia activation immunohistochemistry (IHC) in BV2 cell, primary rat
mesencephalic neurons, or C57BL/6 mice, We also evaluated the effect of TOFE in mice PD model induced by
MPTP, C57BL/6 mice were treated with TOFE 50 mg/kg for 5 days and were injected intraperitoneally with
four administrations of MPTP on the last day. We conducted behavioral tests and IHC analysis to see how
TOFE affect MPTP—induced neuronal loss of dopaminergic neurons in substantia nigra pars compacta (SNpc)
and striatum (ST) of mice. To assess the anti—inflammation effects, we carried out glial fibrillary acidic protein
and macrophage—1 antigen integrin alpha M in IHC in SNpc and ST of mice,

Results : In an in vitro system, TOFE decreasesd NO generations in BV2 cells, TOFE protected dopaminergic
cells against LPS or MPP'—induced toxicity in primary mesencephalic dopaminergic neurons. /n vivo system,
TOFE at 50 mg/kg treated group showed improved motor deteriorations than the MPTP only treated group and
TOFE significantly protected striatal dopaminergic damage from MPTP—induced neurotoxicity in mice, Moreover,
TOFE inhibited activation of astrocyte and microglia in SNpc and ST of the mice,

Conclusions : We concluded that TOFE showed anti—parkinsonian effect by protection of dopaminergic neurons
against MPTP toxicity through anti—inflammatory actions,
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52 AYUX (substantia nigra pars compactra; SNpc)2]

datd A4S R =gyl AFY AlE APER AxRA
(striatum) 9] ==}7] Aoz Ad A (tremor), =5&A
S5EA (rigidity), HAAA AA
(postural instability), €% E% (akinesia) 59 ZA2
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sto] &S ditsial el S AFAE = Sl A
22 A8Y 7H“*°ﬂ EHE]’ A7 wo| ooz Y,
& B3 AFE2 AHFEALAE ARESt e Bdo
A FE2 FYPEHT %ltfﬂ E3] catecholamine’d A177HS
Agyoz mis= AeR ¢2X 6-hydroxydopamine
(6—OHDA) 3} 1-methyl—4—phenyl—1,2,3,6
—tetrahydropgridine (MPTP)o] €& ARMEEw, MPTPQ
JAHEQ! 1-methyl—4—phenylpyridinium (MPPH): Z=3}gl
AN EZL] AFEE fiete EXE 484 o u=hA Tt
&0 Ageld 474 =4 B4R F2 AeET
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2) Aok
Minimum essential medium (MEM)Z Gibco Industries
Inc. (Auckland, NZ)o|A F+43}%3L, Dulbecco's modified

Eagle's medium (DMEM),
penicillin/streptomycin (P/S)-& Hyclone (Auckland, New
Zealnad)ollAl A5t ARSI TE  Dimethyl sulfoxide
(DMSO), 3—(4,5—dimethylthiazol—2—yl)—2,
5—diphenyltetrazolium bromide (MTT), phosphate buffer

fetal bovine serum (FBS),

saline (PBS), collagen, glycine, hydrogen peroxide
(H202), paraformaldehyde (PFA), diaminobenzidine
(DAB), poly—Lysine (PLL), lipopolysaccharide (LPS),

MPTP, MPP' S2& Sigma—AldrichAl (St, Louis, CA,
USA)o| A F3}ct, Biotinylated anti—rabbit antibody,
ABC standard kit £ Vector (Burlingame, USA)°j|A]

FA3FH L, tyrosine hydroxylase (TH)—rabbit in goat

primary antibody, macrophage—1 antigen integrin
alpha M (Mac—1)-rat in goat primary antibody, glial
fibrillary acidic protein (GFAP)—rabbit in goat primary
antibody= Merck Millipore (Billerica, USA)ol|lA F+¢3}
Atk E3E nitric oxide synthase (iINOS)—rabbit in goat
primary antibody, prostaglandin—endoperoxide synthase
(Cox—2)—rabbit in goat primary antibody:= Santa Cruz
Biotechnology (Heidelberg, Germany)olA +d3tach Al

ol A RE Ak B4E 57 ooz Agsiith

2, 4y

1) in vitro system
(1) BV2 AlazoflA] LPS /o gt AlzxRsaat 9 NO
Aol Tt JdF =3
BV2 AlZ= 7hddista oFstie AAoused dAFAS
ol EoFdol AMgstTt 37 €9 5 % COz 95 % air &
Ao 10 % FBS, 1 % P/SE E&3l= high—glucose
DMEM HiAE AR&3FGHLom™, A= 2~3 duirh 1:39] H
22 Aste] wgstact 96—well plateo] BV2 cell2
o 5x 10*/well2 seedingd}il 24 AJZF vjoFst &, 2wl =
5 1~100 ug/mL =82 1 AIZF ¢ AAE & 23 A]
Z_P LPSE &7 A=t dEAD & S lﬂﬁh—
MTT 1 mg/mLE& AHst 2 Azt Bt 83417 =+
DMSOZ o83l decrystalizeAl# spectrophotometer (Versamax
microplatereader; Molecular Device, Sunnyvale, CA, USA)
2 570 nmold FHEE SASAY, AL AEEE 22
o die g EASAT, Ed sk 2 2ho% A
5 ulele sieslo] NO AN 2ol AFSSHAc o)
oMo griess reagents FHOE HFSAA 540 nmoA &
I=E A5, Sodium nitrites ©]-&3] 20~100 uM
9 #EJHAE 18 NO =5 ZAsHT

(2) BV2 AMzoA LPS &40l tigk iNOS ¥ Cox—2
3t FF =4

BV2 cell& 3x10° cells/mL2 100 mm cell culture
dish®] seedingd}al, 24A|7F viFsiatt, 1 & S =&
E 1~100 ng/mL TEHE 1 AR 5 A & 2347
LPSE &7 Agste], 24X wieF & & wix & A|ASIL
PBSE 28 AA& & &, lysis bufferS o|-&slo] oz

5% F UM Beslel 4BUe s 4S9
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bradford assayZ2 ©H& F=& HAF IF T 1%
SDS—-PAGEE A|gsta, A7)E AL nitrocellulose
membrane® 2 transferA|AHTE ©] membranes 5% skim
milk2 45% 59 blockingdtx, 12 FAE 34(1:500)3}F
o] 4Co)A over night 3 ThS, TBSTE 108 7t4o= 3
3] MRSk, Z4Zke] 221 FAIE 1:1,00082 3jAste] A
olAl 2A17F FRF A2l A ¥WEEAIF T ThA] TBSTZ 10&
7+ 33 AE & ECL&HCE WREAAH LAS 4000
chemiluinescence detection system (Fuji, Tokyo, Japan)
& o|8sto] A H HE SHTh

(3) Rat mesencephalic culture® ©]€3F LPS 2 MPP"
of tist Alzx s aut

Sprague—Dawley rat 14 9 ©®jo}= Orient Bio (Osan,
Korea)o|l A sttt 3F Hol T+ 2L I HolA
gkalste] 10 % FBSE ZE3 MEMY| 22 & mo|glg o]
£3to] 7|AF SR dissociationd}¥ Tt PLLZ ulg] ZE3
coverslip®] 1.0x10°22 seeding 3t & 37 €A 6 &
Bt FAAFT 0.1, 1 ug/mLe TOFE A7 1 A7F &
LPSE 20 ng/mL ¥ MPP'E 10 uM<& A3l 23 A7HS
o gfjekel, 1ASH T primary antibody (rabbit—anti—TH
1:2,00002 HFA|F T  Biotinylated anti—rabbit IgG
(H+L)& o]&3lo] secondary antibodyS WHSAIZl &,
ABC solution ¥h8-& #* DABE WAstglct, Z+ 14 Ak
olo] PBS 33 A& W3IHTE Gelatin coated slided]]
coverslip2 mounting §%& ©|-§3 Ho Rusiglct &w|
7 (Axioskop 2:; Carl Zeiss Inc, Gottingen, Germany)=
ARG Ao tigt P BRI

2) in vivo system

(1) At ol

ICR® C57BL/6 A7 8 F%2 Orient Bio (Osan,
Korea)oll Al Fdstdch &3 Al A8 AHASI==
ST, % (22 £ 2 ©), 8% 63 £ 3 %) ¥ HUYFYI
(12 AIZh= Asdoq 2H=HEE 39t AF= 5 oty
A3+B3 22 URgth 1 34 FSA &, Al (H=
o) 9 A2 (LPST E+= MPTPH)2 AE4E 3 €7t 1
o 1 3 AT Fostgal, A|3x (TOFE 50 mg/kg Fold)
2 A g4l 8314171 TOFEE 50 mg/kglo® 3 ¥U7H 1 ¢
1 3 AT Foegh 3 94 HeE 9 A AlFES
intracerebral (7 c v,) injection®]] MR ILE Fof F1gFo
o, Al A27 E AA3TEE 2 ugd LPSE Tl skgth E3H
MPTP acute 2292 ABla, Blb#& AAd+= HF A
% ke 5 mLE 2 A7t HHoE 4 3] B | Roslge
o, A|B2a, B2bx ¥ A|B3a, B3bw& MPTPE 20 mg/kg
A5 F=2 AAES 5 mLof| &3AA 2 A7 7HEH S
2 4 3 57 | Fofsigit. Fo7t 92" & AFT B,
2, 3aw2 24 AIZF & AARAZ] F, microglia 84S Zot
7] 93 ¥ =23 £9 sglew, Bl, 2, 32 7 ¥
%, 2oyl NEZo uAe FFE otEr] H8 o 23S
Estat. ARE T AAY HE FE3ste] 4 % PFAY
F Biste AT F FE A A= 239 &S o

Ay

Welo] caluAARS &1} 29

71 $18l 4 T 30 % sucrose] sFF F Fol, H A&
cryostat (CM3000; Leica, Wetzlar, Germany)Z 30 um
ZZ2dtH & 4 C storing solutiono] E3slct,

(2) Pole test

TOFE7} mHZl<yat A" 257|159 ol yehdle
ANE ZABE] Y8l pole testES AXBFETH 5 U7t E
o 28 oY 9 AR 4, E0] 55 cm, AE 8 mme] Tt
oAl pole testE 43T = $lol C57BL/6 S
HE7t Y2 FeHA i, AF7F Fr1E 180° EotA A
Hel w7t &3] ofi=2 W eE AlZEE time to turn,
AF7F HA71E 180° =okA WiEet Y chEjrt He 22
7}z Aals AZHE 'time for locomotion activity' (Time
for LAVZ FAIGHIT), ZF ABE 30 29| AVAE T2
Algetden, Z+ AFHE 3 I AFGAR T 5 3 E Y
< et

(3) Rotarod test

TOFEZ} wH1&wat A" 257159 o4
S 2AR] Y8 rotarod testE AABICH 5 &
5o ZE o2d 2 AR, % 3 em, 4 rpm A
e 8% 20 rpm7HA] £EE 2Aste] A7l 3 A
7t %, 25 rpmollA £ AEE APt oen o] of Yot A
7He A3 942 39 300 29 Ag A7HE T
2740w 2 3 A, B APE 3 3 Agsio] ¥
TS AMESHAT

e}

[e)
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o 1o r|f

=
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(4) WA g} et 24

7% golgEAEet ¥ A9 MxA ¥ 5F FES
Zg PBSE 3 3 AlHg & WA peroxidaseE AAs}7|
Aot mpAlskpeaz Aelste], 12 A rabbit anti-TH
(1:2000 dilution), rat anti—Mac—1 (1:1000 dilution), &=
rabbit anti—-GFAP (1:1000 dilution)Z 324 WHS-A|H

22} A Dbiotinylated anti—rabbit T+ anti—rat
:200 dilution)& AMESEL, ABC ¥3-& AXA DABE o]
L3te] 3 B2 WAAFY, 2 3 Afolo] PBSE 3 I A
g Potgct FANRSS HRAZ F HolFHAMET} Qe
Avigetol=t kR go1g olgel Pol A T uBslY
t} ¥ RZAL gelatin coated slideo] vF2¥ & 70-100 %
et YA S AR Av&Geo|ER 23S §
o] BT

AL AlYSt HolS A ZE optical light microscope
(Olympus Microscope System BX51: Olympus, Tokyo,
Japan)& AHg3te] TOFES] AlZel gt J%& wastch,
TH /g AEE 100 vi&ollA AlojA chztel dhst HEg=
ettt ] 239 545 = TH ¥9MEZS=E 100 wWi&
oA AMojA el thE WEEE YERYT ARA=
40 vj&olA Imaged software (Bethesda, MD, USA)E A}
83}o] BT (optical density)S Z3315.2H, background
£ A9s 23 S ARSI oln|A= optical light
microscopeE °|-&3 YAt EZF ¥ 229 ZAR
Al Mac—13+ GFAPY] Fdvhs AEE TESIAT

= 8
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3. $AAE
£ 532 mean + SEMSE HASHHCH & A+
o] BAA & Graphpad Prism 5.0 (San Diego, CA)
23S AMESIYCeH, one—way ANOVAE o]&3t%om,
MNZHRLE Tukey tests ©1&38tY B¢ FAHE 5
uRke] A= 2ARSIIT

s 2 [

4 3

1. BV2 Al 9 YZxAA TOFEQ LPS =4
o] dIgt NO, iNOS, Cox—2 % u]A|o}mA| A
A &3}

TOFES] LPS A that NO A A &3t Az A
Z&olle FFE 7AA ¥ FEoA EHT Ay LPSTEY
NO AAgo] iz thulste] 749,02 + 70,58 %S e
Weol NOE HosHdl F7HE2eH (p < 0.001), TOFE
1-100 ug/mL w=ojA dizg dulsie] zHzt 328,52 +
46.76 — 184.59 + 41.83 %02 EAZHoZ §ol5H4 NO
o] S AAIEAHFig. 1A, B). #9F oflzt INOSe:
Cox—29] A #IE FIsHHchFig. 10). F7HHo=,
icvol LPSE FY3te] TOFES] ulAotmA|ZE4y JA&
= Felet Ayt LPSTe] E4stE ulAotumNEe] =
Za giHIste] 74.59 + 6.59 %S Uehfo] golstA =7t
Z9lew (p < 0.001), TOFE 50 mg/kg =ZoA 28.20
+ 3.29 %= FAHSE {5t vlAotuNE E43E o
A Fh(Fig. 1D).

A " i)

(1]

Fig. 1. Protective effects of TOFE on LPS—induced overproduction
of NO in BV2 cells. The cells were treated with TOFE at 1—-100
ug/mL for 1 h and exposed to 100 ng/mL LPS for an additional
23 h. Cell viabilties are expressed as a percentage of the
controls  (A). NO was determined by colorimetric assay using
Griess reagent (B). iINOS and Cox—2 levels (C) were assessed by
Western blotting. Also, microglia activation (D) were mesured QX
immunohistochemistry. Values are given as the mean + SEM.

o { 0.001 compared with the control group, i p < 0.001
compared with the LPS only treated group.

2. HolEHAZoA TOFES] LPS ¥ MPP'
EA 3 =99l XA B3 &3}

TOFEQ] LPS =4 gt =97 Az 25 ans &3
g 23 LPSE2 =3l AlZ 7t ti2gt ojv]ste] 44,37

+ 2.04 %& Jehfjo] =utql AE £ Go5HA A
A3 (p < 0.001), TOFEZ} LPSE 3 X3t 2x LPS9
AZEAo]| tidte] TOFE 0.1 or 1 ng/mL F=ollA diz
tjulste] Z-2F 60.40 + 6.52 — 69.06 + 4.85 %oE E
ARoz o5l =il NEZE F7HAFHFig. 2). #gt
ohlz}, TOFES] MPP" EAof digt =utvl A% B35 ax}
£ 243 23 MPP'#& =3 NZ 71 di=g dinjst
o] 63.32 = 5.16 %S Yelo] =upyl AZo] 5 {olst
A ZAANRAIL (p € 0.001), TOFEZ} MPP'E ¢7 A2lgt
A3} MPP' 9] NJZEXo| tiste] TOFE 0.1 or 1 ug/mL $%=
oA diR tiuisle] ZkzF 78,65 + 6,13 — 89.42 + 3,15
POZ FAXHORE (oA =iyl NZE Z7HFHHFIg. 2).
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Fig. 2. Protective effects of TOFE on LPS or MPP'—induced
neuronal damage in primary mesencephalic cell cultures. The cells
were treated with TOFE at 0.1 and 1 ug/mL for 1 h and
exposed to 20 ng/mL LPS or 10 uM MPP' for an additional 23
h. After fixation, cells were stained with anti—TH antibody and
visualized with DAB. The number of TH—positive cells were
measured (A and B), Scale bar = 100 um. Values are given as
the mean = SEM. o € 0.001 compared with the control group,
# {0001, * p {005 compared with the LPS or MPP" only
treated group.

3. MPTP % w71&d 55 244 TOFE
7t 53l vlA= FF

TOFES] MPTP A& % 27ley 55 Edd v|X|
= 92 dolE7] Y3lo pole test@} rotarod testE o]&
3t FFAFS AASAT E3 pole test A MPTP#E
time to turn®} time for LAS] W)zt tiH] EAHES 7 ¢
A G 2608 + 1,09 and 29.66 + 0.38 =2 F/Ige=
A Aol o718E & 4 Ut TOFEE 50 mg/kg £
3t AL 1496 £ 2.79 and 22,85 + 1,31 22 EAZFS
2 Fogt Pl A aFE BERT Rotarod test A3}
=4 Foj 744 4 MPTPE2 3.21 + 0.98 22 3H&EE
£ dAde E5Y0] Aad W, TOFEE 50 mg/kg &
o3t AL 1553 + 2.53 22 EAFoE Go5t 2558
AA 2= 2HkFig 3).
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Fig. 3. Protective effect of TOFE on MPTP-induced behavioral
impairment in a mouse Parkinson's disease model using the pole
test and rotarod test. Mice were treated with TOFE 50 mg/kg for
3 days and with MPTP (four intraperitoneally injections of 20
mg/kg 2 h interval times) on the last day. Seven day of the last
MPTP injection, we conducted the pole test and rotarod test. The
time to turn completely down ward (A; time to turn) and to arrive
at the floor (B; time for LA) were recorded. Also, the movement
distances were recorded. Values are given as the mean = SEM.

™ 0¢ 0001, " p {001 compared with the control group, " o

(¢ 0001, # p {001, * p { 0.05 compared with the MPTP only
treated group.

4. MPTP $% 71&9 58 2dol4 TOFE
7t =9l A2 F5A9 ulXe 9
TOFE7} C57BL/6 1<y mdo] mubyl ANjZo] ujx]:
TS GotE7] 9Jste] MPTPZ $=3 wizisy mdl AJy

g F&3te] 2FEHE gtk =9l AlEZ Boay)
B NYRAA TH G4 AZ A5 Az, ARA A
Stl=g &73te] Feletgitt. TOFEE Tt 3% 532
AE A TH HAHAE 71 di=F di8] 86.99 + 1.64
%=, MPTP So]2 23] 64.18 + 3.30 %= 748t TH %
A AE $E fo5oa VA Tutyl AE] RS
UebdS 21 4= itk E3h ARA9H TOFE Foid
o] Felwy} g2 ojy] 98.38 + 2.79 %=2A, MPTP
EoF 78.05 + 2. 79 % HlE] FFHoR =uiyl AZ9
BoS4S UehdS I o+ 9iich o] ZItEA TOFE
7 B4 AUR 9 AzA A $ptt mubyl Ao Hod
e yehdE 31 4 AitHFig. 4).
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Fig. 4. Protective effect of TOFE on MPTP—induced dopaminergic
neuronal damage in a mouse Parkinson's disease model.
Representative photomicrographs are shown (A). Quantification of
the dopaminergic cells were performed and by measuring the
optical density in the ST (B) and by counting the number of
TH-immunoreactive (R) cells in the SNpc (C). Scale bar = 200
um. Values are given as the mean £ SEM. p < 0.001
compared with the control group, # p ¢ 0.01 compared with the
MPTP only treated group.

5. MPTP % u71&Y 55 2dojA TOFE

7t A AE 9 ulNotaA| 2 n|R]= FF
TOFEZ 51 58 wde] wmubyl szt wase] 9l
t 5 3 AgelmAE) nX: 9% goknsl Sist
of FARAE oA, MPTP Folgeld] AAAE 2 ol
olmAlZZl BABHE e AL 4 Uglom, TOFE Folo]
oJsh AFORLAIE B SAE RS HelskicFig. 5).
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Fig. 5. Inhibitory effect of TOFE on MPTP—stimulated microglia
activation in a mouse Parkinson's disease model. Representative
photomicrographs are shown of the microglia using MAC—1
antibody and astrocyte using GFAP in SNpc and ST of each
group. Scale bar = 200 um.
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B o3oA LPS ¥ MPTP AAEA st TOFES]
Y@z dRazt 9@ guigley ans dopruz syt

LPSE I3eAHe] AEZEde #Asts EdazA wHdy
23 24, 94249 24 9 Azoy SRS A2Es
Aoz dEA AH?. olget LPSERE HEE NO: 2
bl Eo}xqo].cq EHO] VAL z} a]7] EH, NOQ] 34.% A
Mo gt Alste AEFH AL AAolaNZ(AATNE D
oot E) S BT Aoz dHA Yot A
olmAEL Mo EAsH AM|Eo|H H Eafolu}t ol
g8 27] 9ee Uehflo] 924 cytokine2 EH|3te] A
A za}— AN Zo|TH? | BT AlAotmA|ES] At
A g S-S Gastel azstoluy Auf wHI&
i %94 *J’é B4 HAge] Fa o] Hoky HuEe
o
A

, TolA AZotuA| e B43E AaATle Aol
17 Elff@é HAgS A Ee = ol&shr] AET W
oz Brbg ub Yok 2 AgeMs mixjokmAE
A TOFE®| LPSe| dfgt EZaNE dofir] £3t] NO,
iNOS, Cox—2E& F74sttt. 1 23 1-100 ng/mLoA &
T oFFHoZ Lo5tA NO7l ZAaEE AL 9l 39S
myl ohgl iNOS, Cox—2 E3H JAHE AL s
ER LPSE WOl FUT vhes S T3 &3k A
LA Z7} TOFES o3 ooz ashs AL st
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EGE ol AFHEEA] EnHINEY] mXE 9T
ot 7] 98l otz ZolA THE HIxA3shs & &
EouiNEe JieE SHSIAY. BNl £2 FHY 53
oA FHEH, THE Eg4Y S=AaEARE ZaqlA|
29| 744 &4 HxE AgH. HolgHAZqA LPSE
=gt 540 dis] TOFEE A #+2 0.1, 1 ng/mLs
LA LPSwol diH|ste] =l Nz FAZCE {9
S 7ML R =gl Nz digt REaats RISk
o}, #ut ozt olsy YR FE ARSI Sl =l
A XA =42 MPTP, MPP o] thajA= TOFES] =ujql
AN|3zo] 3 R ans Sl

S o2 TOFEQ MPTPE §%3F u7ldy nfeAs »
oA gFol nXe P AWEST TOFEZF o1&
I BHE 257159 ol Uetdie a1E 2AH| 93
3Y=AS (pole testQ} rotarod test)S AA|SFHTE  Pole
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mg/kg Fog Z-¢ MPTP FojFo] H|8|| bradykinesias
FEAS AT F AT e Ee 2ATH BEHS
&3l TOFE7} SA-AxA9] =9qlA| x| u|= F3Z &
A3t SAA BAEE oty AFdte] Bxdle
AzxAe 459 113E A5ty 253 YL dh=d &
oAst=tl, &Y 5N Al A, ME, &
A9 37t 52 A =ul AEZ AR QF AxRA
o majyl Agez Qs doju Roz AHA Yo,
TH IAE o€ "z gstat 284 23, TOFEY
F9q7F Z4oA MPTP R & <l #4as TH ¢4 =3d
AZO] EAE ANRGS Wy ohler HxAe AHAE
EAFE BoiFE AL WSt o2 A TOFEF 53
9 =gl A29] HegdE 3o SA-ARA =y Al
AAS &4 aNHoE HITTOoRA mlEy ndo 3
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Z 9 QAuAze] 43t SRt gEA Jlew, o
L AEapgz ololthm A kY webd, 71E9]
@2 AFENA AFESESS dASE HHoR Fguls
a7ts 29tz ik, 2 dpdiE Wdzsiete 3
TOFE®] wlAjotuAZz U AF4uAze] A5t mx= 4§
g otHEgith A¥ A TOFES Foj7h 4 9 AxA|
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o] &S ALK
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